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Welcome Address by 

Lucio Ubertini 

Esteemed Invited Guests, Honourable Ministers, Authorities, Fellow Colleagues, Ladies and 

Gentlemen, after more than 20 years ago, when the 5th World Lake Conference was held in 

Stresa (1993), we are here again on the soil of Italy but this time in Umbria, the green heart 

of our dear country. Of course, green is a symbol of a healthy environment and this is tied to 

also historical development of the sciences of lakes and freshwater at its very embryonic 

stages. First and foremost, allow me on behalf of the Local Organising Committee, to express 

our most profound and sincerest gratitude and thanks to ILEC for the confidence reposed in 

us to host and organize the 15th World Lake Conference of this august body in Perugia.  

We are proud to say WELCOME to you all, representatives of about 61 countries from all 

the five continents of the world to Perugia, Umbria Region and for that matter to Italy.  

Now, I would like to share with you all some startling contributions of Umbria region to the 

development of Lake Science. 

This region can boast of many monumental and epochal scientific and technological 

inventions which decisively contributed to the development of Lake sciences dating as far 

back as the Etruscan Age, some 1000 years B.C. through to the Roman times top the epoch 

of Universal Knowledge. The presence of various geophysical processes like the Tiber river, 

Trasimeno Lake all contributed to ingenious observations dating as far back as the times of 

Gallileo Galilei. I believe most of you are aware that the first attempt at the quantification of 

rainfall in a given time interval was carried out by Castelli, observing the rain water over the 

Trasimeno Lake. This led him to invent the rain gauge in the year 1639. It is important to 

emphasise that the rain measuring device which is still extremely useful in Meteorology was 

actually designed in the Saint Peter’s Monastery here in Perugia. In a letter to his mentor 

and friend Galileo, dated June 18th 1639, Castelli described his invention. 

Still on Lake Trasimeno, I would also like to share with you another historical feat. The 

illustrious son of Italy, the Genius of the Renaissance, Leonardo da Vinci mostly known as a 

painter, sculptor, engineer, architect, and scientist was also a brilliant cartographer. Having 

studied the Euclid Geometry from 1496 to 1504, knew that transferring a spherical surface 

onto a plane, at that time, could not be done without errors and he therefore used graphite 

shading to make visible different orographic levels. Combining arts and science and admiring 

the immense beauty of the panoramic valleys of Valdichiana and Valdarno Leonardo da 

Vinci, produced the much celebrated maps of the two valleys including Lake Trasimeno 

which are presently conserved in the famous Royal Library of Windsor.   

My speech would not be complete if I do not touch on an engineering wonder of the region, 
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the “Cascata delle Marmore” (Marble Waterfall) in Terni, dating as far back as the year 271 

B. C., and constructed by a Roman Consul Manlio Curio Dentato during the Roman era. The 

present panorama offered by the waterfall is an epitome of modifications induced by 

humans on the natural environment in the course of many centuries. This engineering feat 

consisted in the construction of a drainage canal of reclamation of Piediluco Lake at the 

confluence of two rivers, the Velino and Nera. Subsequent designs were also advanced to 

increase the carrying capacity of the structures during floods at different historical 

moments. It was 1787-1788 that a Terni architect by name Andrea Vici found a lasting 

solution which gave the cascade its present appearance. Apart from harnessing the fall for 

hydroenergy production it also serves as a very important tourist attraction. The Marble 

Waterfalls is not only a historical engineering construction but has become an 

interdisciplinary laboratory for a three-dimensional mathematical modelling of the water fall 

in symbiosis with its natural environment. I would like to make a special mention of the 

University for Foreigners of Perugia involved in freshwater research through the Water 

Resources Research and Documentation Centre (WARREDOC) which for more than twenty 

years has carried out research, training and documentation programmes in water and 

environment, mainly for developing countries under the Italian Development Cooperation of 

the Ministry of Foreign Affairs; and the UNESCO Chair in Water Resource Management and 

Culture established in 2013. I would be doing a disservice to myself if I do not mention the 

institution here in Perugia which I head, the National Research Institute for Geohydrological 

Protection of the National Research Council and which has become the local organizational 

seat of USMA2007. Finally I would also wish to mention and thank one of the oldest 

universities in Italy, the University of Perugia which has offered us its logistical facilities for 

the scientific programmes of the Assembly and call on all of you to join me in wishing the 

Rector and the staff, higher and higher laurels during the celebrations of its seven hundred 

years of existence next year. 

I would like to seize this opportunity to express my most profound and sincerest gratitude 

and thanks to all the members of the many Committees (honorary, local organizing and 

others) the Authorities at the national, regional and local levels for their unflinching support 

and cooperation at all the passes of this unique initiative. Specially thanks I would express to 

the President of Republic of Italy for the High Patronage to the 15th World Lake Conference. 

Permit me again to thank you all for finding time to be here with us at 15th World Lake 

Conference not only in the service of science but most importantly for your concerns about 

our Planet and hope and wish that you would enjoy the very high quality of scientific 

presentations, both oral and posters, that are awaiting you in about 40 sessions of this 

World Lake Conference. 

Welcome again to Perugia and enjoy your stay. 
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Foreword by 

Masahisa Nakamura 

With deep appreciation to the host organization USMA, the University of Perugia, the 

University for Foreigners of Perugia, the historic City of Perugia, the surrounding 

communities in the Perugia Province and in the Umbria Region as well as the Italian 

Government, ILEC is very pleased to have successfully convened this 15th World Lake 

Conference.  One overriding reason why the 15th World Lake Conference is so important is 

that this Conference commemorates the thirtieth year in its history.  Looking back, the 

inaugural Conference dates back to the Shiga Conference on Conservation and Management 

of World Lake Environment of 1984 which was held on the shore of Lake Biwa, Japan.  The 

principal aim at that time was to contribute to promoting scientific approaches in the world 

lake basin management, with particular emphasis given to tackle the challenges of 

“facilitating interactions among scientists, government officials and citizens on a global 

scale”.   

This spirit has been inherited to the succeeding Conferences held in various parts of the 

world, and this ILEC model has reached a very advanced state this time.  While the 

submissions cover a wide and excellent arrays of highly specialized natural and applied 

science pursuits on such traditional subject areas as assessment, management and 

restoration of lake water quality degradation and ecosystem disturbances, the Conference 

has also been able to attract many contributions that span the science-policy interface with 

particular emphasis on the socio-cultural and political dimensions of lake basin governance.   

The sound and solid foundation of scientific pursuits have brought about a variety of 

governmental policies and nongovernmental engagements that have evolved over the past 

decades in the form of lake basin governance (software), with innovative structural and 

nonstructural interventions involving technologies and instrumentations (hardware).  

However, this time, so many contributions have come from such humanistic disciplines as 

national and international laws, historical achievements and contemporary implications of 

lake and water related archeology and architectural science.   

We also have a budding notion of “heartware”, a term to contrast the above past 

achievements in software and hardware, that pertains to the shared values among people 

with common appreciation of historical, cultural, anthropological and even religious 

implications of lake basin governance.   While we still have a long way to go on these new 

dimensions about to sprout, it is certainly most fitting for the commemoration of this 

Conference that will inaugurate the new decades of global challenges.  

 We thank you all for the excellent submissions, wishing also very successful deliberations. 
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September 1, 11:00 Rectorate Main Hall 

PLENARY LECTURE 

 
Andras Szollosi-Nagy 

DSc, PhD, Professor of Stochastic Hydrology, 
Rector, UNESCO-IHE Institute for Water 
Education, Delft; Governor of the World 
Water Council 

 

Biosketch:  Professor Szöllösi-Nagy currently serves as Rector of the UNESCO-

IHE Institute for Water Education, located in Delft, The Netherlands. Since 

2009 he is Professor of Stochastic Hydrology both at UNESCO-IHE and TU Delft. 

He joined UNESCO in Paris in 1989 as Director of the Division of Water Sciences 

and Secretary of the International Hydrological Programme (IHP). He held 

those positions for 20 years. He also served as Deputy Assistant Director 

General of UNESCO. He was the joint (founding) Editor of the International 

Journal of Stochastic Hydrology and Hydraulics (Springer). He currently serves 

on the editorial boards of several technical journals. He is member of the 

Board of the Stockholm Environmental Institute. He is elected fellow of the 

World Academy of Arts and Sciences (WAAS). Recipient of several major 

awards including, the Dooge Award of IWHA and the Prince Albert II of 

Monaco Environmental Award in the area of freshwater. 

 

 

Title of Plenary Lecture:  

Water: THE Key to Sustainable Development - The Challenge of the Century? 

Abstract of Plenary Lecture:  

The presentation will overview the current global perspective on water 

resources with an attempt to identify major likely future challenges along with 
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an outline of potential opportunities for solutions. There is a growing 

consensus in international environmental politics that water is going to be one 

of the main issues of the 21st Century.  Given the projected demands for water 

supply, food security, and the likely impacts of climate variability and change, 

the present water use practices are clearly not sustainable. The presentation 

will attempt to identify the water security challenges that need to be 

addressed to establish sustainable water development and management 

practices for the future, with particular attention to the context of lakes and 

reservoirs. It will also look into the hydrological impacts of various global 

change drivers, such as climatic variability and change as well as changes in 

population patterns and related changes, such as land use change, migration 

from rural to urban areas. All these changes imply strong non-stationarity. It 

will be argued that the design methodologies, developed under the hypothesis 

of stationary hydrological processes, need to be revisited and updated. 

Mitigation and adaptation measures will shortly be outlined. Of the non-

structural measures governance reforms will also be discussed. Recent 

advances within the United Nations in the area of identifying the Sustainable 

Development Goals will be reviewed 
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September 1, 14:30 ROOM 3 

KEYNOTE LECTURE 

 

Giovanni Seminara, 

Full Professor of Fluid Mechanics  

University of Genova 

Academic Responsabilities 
1987-1990 - Chairman of the Joint PhD program in Hydrodynamics, 
(Universities of Genova, Padova, Firenze, Trento) 
1985-1995 - Member of the Scientific Committee of the joint PhD 
program in Hydrodynamics 
1995-1998 - Chairman of the Scientific Committee for Civil Engineering 
and Architecture, University of Genoa 
1995-1996 - Coordinator, National Project of the Ministry for the 
University, Science and Technology. Fluvial and estuarine sediment 
transport and morphodynamics 
1997-1999 - Coordinator, National Project of the Ministry for the 
University, Science and Technology. Fluvial and coastal morphodynamics 
1999-2002 - Chairman of the Joint PhD program in Fluid Mechanics and 
Processes in Environmental Engineering, University of Genoa 
2001-2006 - Member of the Academic Senate, University og Genoa 
Since 2007 - Department Head 

Membership of Academies 

 Socio (Fellow) of Accademia Ligure di Scienze e Lettere since 2000 

 Socio Corrispondente (Fellow) of Accademia dei Lincei since 2001 

 Socio Corrispondente (Fellow) of Istituto Veneto di Scienze Lettere 
ed Arti since 2004 

Scientific Committees 

 Member of European Mechanics Council (Governing body of the 
European Mechanics Society, EUROMECH), 1989-1994 

 Member of Fluid Mechanics Section of International Association for 
Hydraulic Research 

 Member of Advisory Board European Mechanics Society since 2002 
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 Member of Scientific Committee CORILA, 2003-2007 

 Member of Scientific Committee of European Conference of Fluid 
Mechanics EUROMECH since 2004 

 Member of EASAC Group on Ground Water Resources in 
Mediterranean Countries 

 Member of Environmental Committee, Accademia Nazionale dei 
Lincei since 2007 

. 
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KEYNOTE LECTURE 

September 2, 14:30 ROOM 3 

 

Pierluigi Viaroli, 

Department of Life Sciences, 

 University of Parma, Italy 

 

Biosketch:  Professor of Ecology at the dept. Life Science, University of Parma (Italy). 

Main research topics are production and decomposition of brackish and freshwater 

macrophytes and related biogeochemical processes; river-lagoon interactions, 

scientific support to management of wetlands, quarry lakes and lagoons. He 

published more than 100 international peer-reviewed papers with IF, and ten 

conference proceedings and special issues in international journals. He is involved in 

international programmes, scientific societies and commissions on water quality and 

coastal lagoon science. He is  associate editor of Hydrobiologia and member of the 

board of Journal of Limnology and Advances in Oceanography and Limnology. 

 

Title of Keynote Lecture:  

Quarry lakes and reservoirs  in the floodplains: monitoring, research and design of 

aquatic environments for water quality management  and riverscape restoration 

Abstract of Keynote Lecture: Clay, sand and gravel extraction in the floodplains has 

led to the formation of a number of small and generally shallow lakes and reservoirs, 

which are often eutrophic due to the pressures from farmland and urban areas. 

These newly formed water bodies provide a unique opportunity for studying the 

early colonization phases and the evolution of lake communities, to analyze 

biological interactions, and to evaluate the ecosystem metabolism and its effects on 

oxygen budgets and biogeochemical processes. the assessment of ecosystem 

services this kind of lakes can provide in terms of water and ecological quality is a 

challenging task. Study cases from the Po river, whose watershed hosts some 

hundreds of lakes accounting for 15 km2 total water surface, are presented. The 

comparison of lakes with different ages (from still in formation to 40 years) allows to 

evaluate their trophic state evolution in relation to hydrological connectivity, 
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external pressures, internal buffering processes, onset and persistence of 

hypolimnetic anoxia. Guidelines for designing lakes aimed at achieving good 

ecological conditions have been implemented as a scientific support to the quarry 

exploitation. Furthermore, the ecosystem services provided by quarry lakes have 

been suggested as potential tools for restoring the riverscape in the lowland areas, 

where the river margins are for the most part deteriorated and heavily exploited for 

agriculture, infrastructures and human settlements. In this context, quarry lakes can 

be used as substitutes of formely existing oxbow and riverine lakes and to 

reconnect, at least partially, the river channel with its floodplain. 
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September 4, 14:30 ROOM 3 

KEYNOTE LECTURE 

 

Alberto Basset, 

Department of Biological and Environmental 
Sciences and Technologies,  

University of the Salento, Lecce, Italy 

Biosketch:  Alberto Basset is Full Professor of Ecology at the University of 

Salento. His main research interests are in the field of population and 

community ecology, focusing on biodiversity organisation and ecosystem 

functioning in aquatic ecosystems. He is currently President of the Italian 

Society of Ecology and vice-President of the Ecological European Federation 

and has been served, with different responsibilities, in the boards of many 

scientific societies. His duties in the international area of biodiversity and 

ecosystem research include the responsibilities as member of the Board of 

Directors of the European Research Infrastructure ‘LifeWatch’ and co-leader 

of Component 2 of the GEO-Ecosystem Task. He has also editorial 

responsibilities as member of the editorial board, associate or in chief editor 

of Scopus/ISI journals in the field of aquatic ecology and conservation. 

Title of Keynote Lecture:  

Biodiversity and Ecosystem e-Science: opportunities and challenges 
Abstract of Keynote Lecture:  

Biodiversity and ecosystems, the management and conservation of their 
related services, have gained in the last decades a high priority in the 
international political agenda inspiring large-scale initiatives and resulting in 
the implementation of the environmental policy issues through monitoring 
plans at national and international scales. A positive cascading effect have 
been increasingly growing data collections on all components of biodiversity 
and ecosystems providing an unprecedented opportunity to test new ideas 
and produce new knowledge capitalising existing data resources. 
Taking advantage of this opportunity, the fast development of biodiversity and 
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eco-informatics is offering the tools and facilities to deploy data. These include 
capabilities to mine existing data from different sources, standardise, 
integrate, analyse and model data. Biodiversity and eco- informatics is also 
offering increasingly accurate facilities to integrate data from very sources, 
from metabolomics to remote sensing.  
e-Science research infrastructures, as LifeWatch in Europe, are building the 
new global research centres where scientists can find, integrate and use in a 
near future data on biodiversity and ecosystems coming from equipment as 
different as DNA sequencer and new Sentinel mission satellites. Global scale 
modelling has already started and will be strongly boosted from these new e-
infrastructures and methodological developments.  
However, integrating data, tools into such new capabilities requires major 
guiding scientific goals that represent intellectual frontiers and challenges for 
biodiversity research. I see two major challenges for ecological sciences in the 
next few years to convert the opportunities offered by the innovative 
technologies into deeper understanding and new knowledge on biodiversity 
and ecosystems: critically revising milestone concepts in ecology, as the 
ecosystem concept, producing clear and shared ontologies and cascading data 
standardisation; and, addressing the architectural layer of biodiversity and 
ecosystems decoding organisation into the underlying mechanisms and related 
drivers. 
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KEYNOTE LECTURES  - "CANCELLED" 

 

 Aharon Oren,  

Department of Plant and Environmental Sciences,  

The Institute of Life Sciences,  

The Hebrew University of Jerusalem, 91904 Jerusalem, 

Israel 

 

Biosketch:  Aharon Oren (born 1952, Zwolle, the Netherlands) received his M.Sc. 

degree from the University of Groningen and his Ph.D. from the Hebrew University of 

Jerusalem (1978). After a post-doctoral period at the University of Illinois at Urbana-

Champaign he joined the faculty of the Hebrew University of Jerusalem, and was 

appointed full professor in 1996. His research interests are the microbiology of 

hypersaline environments, the physiology and biochemistry of halophilic 

microorganisms, and systematics and nomenclature of prokaryotes. He is president of 

the International Society for Salt Lake Research, executive secretary/treasurer and 

past chairman of the International Committee on Systematics of Prokaryotes, editor-

in-chief of the International Journal of Systematic and Evolutionary Microbiology, and 

editor for FEMS Microbiology Letters and Extremophiles. He was elected Fellow of the 

American Academy of Microbiology in 2000, and in 2010 he received an honorary 

doctorate from the University of Osnabrück, Germany.  

 

September 4,  8:30 ROOM 3 

Title of Keynote Lecture: 

Two and a half thousand years of navigation on the Dead Sea 

Abstract of Keynote Lecture: The only ship on the Dead Sea today is a research vessel 

for scientific exploration. In earlier periods many kinds of boats sailed the waves of the 

saltiest of all lakes. Anchors found on newly exposed shore of the shrinking lake and 

remnants of a 1st century B.C.E. shipyard are witnesses of extensive navigation in 

antiquity. A naval battle was fought on the lake in 312 B.C.E and there exists a letter 

from 134 C.E. mentioning a ship loaded with fruit anchoring near Ein Gedi. A 6
th

 

century mosaic map depicts two sailing boats on the lake. Legal deeds from crusader 

times period prove that a cargo ship was operated by the Knights Hospitaller of 
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Jerusalem. The 1848 Dead Sea exploration by Lt. William Lynch (US Navy) and earlier 

unsuccessful ventures by Costigan (1835) and Molyneux (1847) used small rowing 

boats, but the French expedition of the Duc de Luynes in 1864 brought a custom-built 

luxury sailing yacht. In the middle of the 19th century a navigation route to India via the 

Dead Sea was considered as an alternative to the Suez Canal. The first motor ship 

appeared in 1908, and later a large fleet connected between the operations of the 

Palestine Potash Company at both ends of the lake. Among the unusual crafts seen on 

the Dead Sea were a Martinsyde bomber plane equipped with floats instead of wings 

used as a weapon during World War I, BOAC hydroplanes that landed on the lake in 

the 1940s on their way to Australia, and the yellow submarine that in 1999 explored 

the bottom in search for the biblical cities of Sodom and Gomorrah.  

 

September 5, 8:30 ROOM 3 
Title of Keynote Lecture:  
The microbiology of the Dead Sea: changing microbial communities in a rapidly 
changing environment 
Abstract of Keynote Lecture: Today the Dead Sea (total salt concentration ~350 g/l 

with ~2 M Mg2+, ~1.4 M Na+, ~0.5 M Ca2+, ~0.2 M K+ and Cl- as the main anion) 

supports very little microbial life. Biological monitoring of lake’s water column since 

1980 has shown that blooms of the unicellular green alga Dunaliella and halophilic 

Archaea of the family Halobacteriaceae only develop following significant dilution of 

the upper water layers after exceptionally rainy winters. Such events occurred in 1980 

and even more dramatically in 1992, when up to 3.5x107 Archaea per ml in the diluted 

upper 5-10 meters of the water column colored the lake red. Archaeal blooms were 

preceded by blooms of Dunaliella (up to 8,800 and 15,000 cells/ml, respectively). From 

1996 onwards Dunaliella was no longer observed and prokaryote numbers remained 

low. In spite of the increasingly extreme conditions, a small but diverse community of 

halophilic Archaea still survives in the lake, as shown by culture-independent, 16S 

rRNA gene-based molecular techniques. The community structure of the Archaea 

present in 2007 was very different from that in 1992, showing that even in this 

extreme environment the microbial communities are dynamic, showing changes in 

species composition as conditions become increasingly adverse. To examine the 

possible effects of the implementation of the planned Red Sea – Dead Sea conduit on 

the Dead Sea as an ecosystem, simulation experiments were performed in which Dead 

Sea water was diluted with Red Sea water, both in the laboratory  and under field 

conditions in experimental ponds at Sedom. The extent of biological development 

depended on the extent of dilution and on phosphate availability. 
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September 2, 8:30 ROOM 3 

KEYNOTE LECTURE  - "CANCELLED" 

 
Amilcare Porporato, 

Addy Professor of Civil and 
Environmental Engineering,  

Department of Civil and Environmental 
Engineering, Duke University, USA 

Biosketch:  Amilcare Porporato earned a Master Degree in Civil Engineering 

(summa cum laude) in 1992 and his Ph.D. in 1996 from Polytechnic of Turin. 

He was appointed Assistant Professor in the Department of Hydraulics of the 

Polytechnic of Turin, and he moved to Duke University in 2003, where he is 

now Full Professor in the Department of Civil and Environmental Engineering 

with a secondary appointment with the Nicholas School of the Environment. 

In June 1996, Porporato received the Arturo Parisatti International Price, 

awarded by the Istituto Veneto di Scienze, Lettere e Arti. He was Research 

Associate at the Texas A&M University (USA) in 1998 and Visiting Scholar at 

Princeton University (USA), Department of Civil and Environmental 

Engineering, from 1999 to 2001. In 2008-2009 he was the first Landolt & Cie 

Visiting Chair in “Innovative Strategies for a sustainable Future” at Ecole 

Polytechnique Federale de Lausanne (EPFL), Switzerland. He was awarded 

the 2007 Professor Senol Utku’ award, the 2010 Earl Brown II Outstanding 

Civil Engineering Faculty Award, and in 2011 he received a Lagrange 

fellowship from the Polytechnic of Turin, the CRT bank and the ISI (Institute 

for Scientific Interchange). In 2012 he was elected an AGU fellow. His main 

research interests regard nonlinear and stochastic dynamical systems, 

hydrometeorology and soil-atmosphere interaction, soil moisture and plant 

dynamics, soil biogeochemistry, and ecohydrology. Porporato has been 

Editor of Water Resources Research (AGU) (2004-2009), and he is currently 
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editor for Hydrological Processes. He is also member of the editorial board of 

Advances in Water Resources and the Hydrologic Science Journal. Among 

other things, he was chairman and convener of the Ecohydrology sessions of 

the AGU Spring Meeting in 2001 and 2002 and of the EGU in 2004-2006. 

Porporato has been part of the Italian research groups of Turbulence and 

Vorticity and of Climate, Soil and Vegetation Interaction, an adviser for real-

time forecasting in the Piedmont Region (Italy), and ecohydrology (US 

National Academy). Porporato's didactic experience comprises courses in 

Environmental Fluid Mechanics, Hydraulics, Hydraulic Constructions, 

Statistical and Physical Hydrology, Ecohydrology, Nonlinear Dynamics and 

Stochastic Processes. He has also been the didactic coordinator for the 

International School "Hydroaid: Water for Development", co-organized by 

the Polytechnic of Turin and the Italian Ministry of Foreign Affairs. Porporato 

is author of more than 140 peer-reviewed papers, several publications 

presented at national and international conferences and invited talks. He is 

also co-author of the book "Ecohydrology of water controlled ecosystems" 

(Cambridge Univ. Press, 2004) and the edited the book "Dryland 

Ecohydrology" (Springer, 2005).. 
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6KUL�8�3�$UWV��6PW��0�*�3DQFKDO�6FLHQFH�DQG�6KUL�9�/�6KDK�&RPPHUFH�&ROOHJH��3LOYDL��'LVW��0HKVDQD�
*XMDUDW��,QGLD�

0��*��6FLHQFH�,QVWLWXWH��$KPHGDEDG��*XMDUDW��,QGLD
�
.(<:25'6��*+80$�/$.(��3+<6,&2�&+(0,&$/�3$5$0(7(56��:$7(5�48$/,7<�,1'(;�$1'�$/*$/�*(186�32//87,21�,1'(;

7KH SUHVHQW VWXG\ ZDV LQWHQGHG WR FDOFXODWH :DWHU 4XDOLW\ ,QGH[ �:4,� RI D UXUDO IUHVKZDWHU ERG\
LQ *KXPD YLOODJH� 'LVWULFW $KPHGDEDG� *XMDUDW� ,QGLD LQ RUGHU WR DVFHUWDLQ WKH TXDOLW\ RI ZDWHU IRU
SXEOLF FRQVXPSWLRQ� UHFUHDWLRQ DQG RWKHU SXUSRVHV� 7KLV SDSHU GHDOV ZLWK WKH VWXG\ RQ WKH
LQIOXHQFH RI HQYLURQPHQWDO SDUDPHWHUV RQ WKH ZDWHU TXDOLW\ RI ZDWHU ERG\� 7KHUH DUH VHYHUDO ZD\V
WR DVVHVV WKH TXDOLW\ RI ZDWHU GHHPHG ILW IRU GULQNLQJ� LUULJDWLRQ DQG LQGXVWULDO XVH� :DWHU 4XDOLW\
,QGH[� LQGLFDWLQJ WKH ZDWHU TXDOLW\ LQ WHUPV RI LQGH[ QXPEHU� RIIHUV D XVHIXO SUHVHQWDWLRQ RI RYHUDOO
TXDOLW\ RI ZDWHU IRU SXEOLF RU IRU DQ\ LQWHQGHG XVH DV ZHOO DV LQ WKH SROOXWLRQ DEDWHPHQW SURJUDPPHV
DQG LQ ZDWHU TXDOLW\ PDQDJHPHQW� $ QXPEHU RI SDUDPHWHUV DIIHFW WKH XVDELOLW\ RI ZDWHU IRU D
SDUWLFXODU SXUSRVH� ,Q WKLV VWXG\ :DWHU 4XDOLW\ ,QGH[ ZDV GHWHUPLQHG RQ WKH EDVLV RI YDULRXV
SK\VLFR�FKHPLFDO SDUDPHWHUV� 7KH ZDWHU VDPSOH IURP WKH ZDWHU ERG\ ZHUH FROOHFWHG HDUO\ LQ WKH
PRUQLQJ DW DQ LQWHUYDO RI �� GD\V DQG DQDO\]HG IRU �� SK\VLFR�FKHPLFDO SDUDPHWHUV E\ IROORZLQJ
WKH HVWDEOLVKHG SURFHGXUH� :4, YDOXHV LQ WKH SUHVHQW LQYHVWLJDWLRQ ZHUH UHSRUWHG ����� LQ
PRQVRRQ VHDVRQ ����� LQ ZLQWHU VHDVRQ ����� LQ VXPPHU VHDVRQ DQG RYHUDOO :4, YDOXH ZDV
������$ERYH UHVXOWV ZHUH OHVV WKDQ �� �:DWHU 4XDOLW\ ,QGH[ /HYHO� IRU GLIIHUHQW VHDVRQ LQGLFDWLQJ
WKDW WKH ZDWHU TXDOLW\ LV SRRU DQG QRW WRWDOO\ VDIH IRU KXPDQ FRQVXPSWLRQ� 7KH XVH RI DOJDH DV
ELRORJLFDO LQGLFDWRUV RI SROOXWLRQ KDV EHHQ VWXGLHG E\ UDWLQJ SROOXWLRQ WROHUDQW DOJDH LQ WKH *KXPD
ODNH EDVHG RQ WKH UHSRUW RI 3DOPHU� ������� 7RWDO RI ��� JHQHUD FRXQW�PO RI DOJDH ZHUH UHFRUGHG
IURP *KXPD ODNH� 'XULQJ PRQVRRQ VHDVRQ DOJDO SROOXWLRQ LQGH[ ZDV ��� LQ ZLQWHU VHDVRQ DOJDO
SROOXWLRQ LQGH[ ZDV ��� VXPPHU VHDVRQ DOJDO SROOXWLRQ LQGH[ ZDV �� DQG RYHU DOO DOJDO SROOXWLRQ
LQGH[�ZDV�������
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6KULVKWL�(FR�5HVHDUFK�,QVWLWXWH��3XQH��,QGLD

6KULVKWL�(FR�5HVHDUFK�,QVWLWXWH��3XQH��,QGLD

6KULVKWL�(FR�5HVHDUFK�,QVWLWXWH��3XQH��,QGLD
�
.(<:25'6��32//87('�'5$,16��:$7(5�48$/,7<��(&2�5(6725$7,21

(FR�UHVWRUDWLRQ RI SROOXWHG GUDLQV IORZLQJ GRZQ WKH OHQWLF�ORWLF ZDWHU V\VWHPV LQ WKUHH GLIIHUHQW JHR�
FOLPDWLF UHJLRQV RI ,QGLD QDPHO\ ± 5DMDVWKDQ �VHPL�DULG UHJLRQ RI $UDYDOL 5DQJHV�� 8WWDU 3UDGHVK
�*DQJHWLF ULYHU EDVLQ ± +LPDO\DQ IHG ULYHUV� DQG 0DKDUDVKWUD �UDLQ�IHG ULYHU EDVLQV�� +RUL]RQWDO HFR�
ILOWUDWLRQ WUHDWPHQW V\VWHPV ZHUH XVHG WR WUHDW WKH SROOXWLRQ XVLQJ LQ�VWUHDP JUHHQ LQIUDVWUXFWXUHV LQ
FRPELQDWLRQ ZLWK SK\WRUHPHGLDWLRQ DQG ELRUHPHGLDWLRQ� $Q H[WHQVLYH ZDWHU TXDOLW\ DVVHVVPHQW
SURJUDPPH ZDV FRQGXFWHG �LQFOXGLQJ SUH�PRQVRRQ DQG SRVW�PRQVRRQ SHULRG� WR HYDOXDWH WKH
ZDWHU TXDOLW\ XSVWUHDP DQG GRZQVWUHDP RI WUHDWPHQW V\VWHPV RQ HYHU\ SROOXWHG GUDLQ� 7KH SK\VLFR�
FKHPLFDO DQG ELRORJLFDO SDUDPHWHUV VXFK DV S+� +DUGQHVV� 7RWDO 6ROLGV �76�� (OHFWULFDO
&RQGXFWLYLW\ �(&�� %LRORJLFDO 2[\JHQ 'HPDQG �%2'�� &KHPLFDO 2[\JHQ 'HPDQG �&2'�� 0RVW
3UREDEOH 1XPEHU �031�� $ONDOLQLW\� 'LVVROYHG 2[\JHQ �'2�� QLWUDWHV DQG SKRVSKDWHV ZHUH WHVWHG
IRU PRUH WKDQ � \HDUV IRU HDFK RI WKH SURMHFW� ,W FDQ EH FRQFOXGHG WKDW WKHUH ZDV LPSURYHPHQW LQ
'2 FRQFHQWUDWLRQ �� ± �� WLPHV� DQG VLJQLILFDQW UHGXFWLRQ LQ 766� %2'� &2' DQG )HFDO FROLIRUPV�
,W FDQ EH IXUWKHU GHGXFHG WKDW WKH HIIHFWLYHQHVV RI WKH WUHDWPHQW ZDV FRPSDUDWLYHO\ PRUH LQ ZDUP
VHDVRQV WKDQ FROG VHDVRQV� 'XULQJ WKH PRQVRRQ� WKH HFRORJLFDO WUHDWPHQW ZDV PRUH HIIHFWLYH RQ
UDLQ\ GD\V WKDQ QRQ�UDLQ\ GD\V� ,W ZDV REVHUYHG WKDW WKH LQVWDOODWLRQV VXVWDLQHG IORRGLQJ FRQGLWLRQV
DQG UHVWRUHG ZLWKLQ � ± � GD\V DIWHU WKH IORRGV� ,Q WKLV SDSHU� WKH HIIHFWLYHQHVV RI YDULRXV
LQVWDOODWLRQV�LV�FRPSDUHG�EDVHG�RQ�K\GUDXOLF�DQG�SROOXWLRQ�ORDGLQJV�
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:DWHU�4XDOLW\�$QDO\VLV�DQG�0RGHOOLQJ�'LYLVLRQ��&HQWUDO�:DWHU�DQG�3RZHU�5HVHDDUFK�6WDWLRQ��.KDGDNZDVOD�
3XQH��,QGLD

:DWHU�4XDOLW\�$QDO\VLV�DQG�0RGHOOLQJ�'LYLVLRQ��&HQWUDO�:DWHU�DQG�3RZHU�5HVHDDUFK�6WDWLRQ��.KDGDNZDVOD�
3XQH��,QGLD
�
.(<:25'6���:$7(5�48$/,7<�02'(/���5(6(592,5��32//87,21

:DWHU TXDOLW\ SURFHVVHV LQ D UHVHUYRLU DUH GHSHQGHQW RQ ULYHU IORZ FRQGLWLRQV DQG SK\VLRJUDSK\ RI
D UHVHUYRLU� 7KH ULYHU IORZ DIIHFWV WKH FRQFHQWUDWLRQ DQG GLVWULEXWLRQ RI ZDWHU TXDOLW\ YDULDEOHV LQ WKH
UHVHUYRLU� ,Q WKH SUHVHQW VWXG\� WKUHH ]RQHV ZLWKLQ D ODUJH UHVHUYRLU� QDPHO\ 5LYHULQH� 7UDQVLWLRQ
DQG /DFXVWULQH ZHUH VWXGLHG IRU WKHLU VXLWDELOLW\ IRU SODFLQJ D ORFDWLRQ RI 3ROOXWLRQ GLVSRVDO� XQGHU
WKUHH GLIIHUHQW PDLQ ULYHU�IORZ SDWWHUQV QDPHO\ &RQVWDQW� &\FOLF IORZ � �LQFUHDVLQJ WUHQG�� &\FOLF
IORZ � �GHFUHDVLQJ WUHQG�� 3ROOXWLRQ ORDG ZDV JLYHQ DV %LRFKHPLFDO 2[\JHQ 'HPDQG �%2'� LQ �
GLIIHUHQW FRQFHQWUDWLRQV UDQJLQJ IURP ������ PJ�O� NHHSLQJ 'LVVROYHG 2[\JHQ �'2� FRQVWDQW ��
PJ�O�� :DWHU TXDOLW\ RI RXWIORZ ZDWHU ZDV DVVHVVHG WKURXJK YDULDWLRQV LQ %2' DQG '2� :DWHU
4XDOLW\ :HLJKWDJH �:4:� PHWKRG ZDV SURSRVHG DQG XVHG IRU WKH HYDOXDWLRQ RI HIIHFWLYHQHVV RI
� GLIIHUHQW ULYHU�IORZ SDWWHUQV� XQGHU � SROOXWLRQ ORDGV IURP � SROOXWLRQ GLVSRVDO ]RQHV IRU SROOXWLRQ
PDQDJHPHQW� $PRQJ WKH WKUHH UHVHUYRLU�]RQHV IRU SROOXWLRQ GLVSRVDO PRGHOHG � 5LYHULQH ]RQH ZDV
REVHUYHG WR EH EHWWHU IRU %2' PDLQWHQDQFH ZKHUHDV /DFXVWULQH ]RQH ZDV REVHUYHG WR EH EHWWHU
IRU '2 PDLQWHQDQFH LQ RXWIORZ ZDWHUV� :LWK UHJDUG WR ULYHU IORZ SDWWHUQV PRGHOHG� &\FOLF IORZV
ZHUH REVHUYHG WR EH PRUH VXLWDEOH IRU SROOXWLRQ PDQDJHPHQW WKDQ FRQVWDQW IORZ� :LWKLQ WKH &\FOLF
IORZV� &\FOLF IORZ �� UHSUHVHQWLQJ LQFUHDVLQJ WUHQG� ZRUNHG EHWWHU IRU PDLQWDLQLQJ '2 FRQGLWLRQV
ZKHUHDV &\FOLF IORZ �� UHSUHVHQWLQJ GHFUHDVLQJ WUHQG� ZRUNHG EHWWHU IRU PDLQWDLQLQJ %2' LQ RXWIORZ
ZDWHUV��7KH�GHWDLOHG�UHVXOWV�DQG�SRVVLEOH�UHDVRQV�IRU�WKH�YDULDWLRQV�DUH�GLVFXVVHG�LQ�WKH�SDSHU�
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%DUNDWXOODK�8QLYHUVLW\��%KRSDO���0�3���,QGLD�

0DNKDQODO�&KDWXUYHGL�8QLYHUVLW\��%KRSDO���0�3���,QGLD

'HSDUWPHQW�RI�&KHPLVWU\��6DURMLQL�1DLGX�*RYW��3�*��&ROOHJH��%KRSDO���0�3���,QGLD
�
.(<:25'6��5227�=21(��&216758&7('�:(7/$1'��(3&2

)UHVK DQG FOHDQ GULQNLQJ ZDWHU LV D EDVLF QHHG IRU DOO KXPDQ EHLQJV RQ WKH HDUWK� \HW LW KDV EHHQ
REVHUYHG WKDW PLOOLRQV RI SHRSOH ZRUOGZLGH DUH GHVWLWXWH RI WKLV� 8QWUHDWHG RU LQDGHTXDWHO\ WUHDWHG
VHZDJH LV D PDMRU VRXUFH RI JURXQGZDWHU DQG VXUIDFH ZDWHU SROOXWLRQ LQ WKH GHYHORSLQJ FRXQWULHV�
7KH 6KDKSXUD /DNH LV DOVR NQRZQ DV WKLUG ODNH RI %KRSDO RU 0DQVDURYHU /DNH� 7KH ODNH KDV D
FDWFKPHQWV DUHD RI ���� NP� DQG D VXEPHUJHQFH DUHD RI ���� NP�� ,W ZDV FRQVWUXFWHG LQ WKH
VRXWKHUQ SDUW RI FLW\ QHDU &KXQD %KDWWL YLOODJH LQ \HDU ��������� XQGHU WKH %HWZD LUULJDWLRQ
VFKHPH� 7KH ODNH LV VXUURXQGHG E\ KXPDQ KDELWDWLRQ DQG UHFHLYHV XQWUHDWHG VHZDJH IURP YDULRXV
VRXUFHV� 7KH ZDWHU TXDOLW\ LV GHSOHWHG GD\ WR GD\ QRW RQO\ E\ VHZDJH LQIORZ EXW DOVR E\ PL[LQJ RI
ZDVWH JHQHUDWHG IURP ZDVKLQJ RI FORWK DQG YHKLFOHV� GRPHVWLF ZDVWH HWF� 6R LW LV QHFHVVDU\ WR WUHDW
WKLV ZDVWH ZDWHU EHIRUH HQWHULQJ WR WKH ODNH� )RU WKLV SXUSRVH� (QYLURQPHQWDO 3ODQQLQJ 	
FRRUGLQDWLRQ RUJDQL]DWLRQ �(3&2� FRQVWUXFWHG D +RUL]RQWDO VXUIDFH IORZ ZHWODQG � URRW ]RQH XQLW DW
(NDQW 3DUN� %KRSDO� 7KH SUHVHQW 5RRW =RQH V\VWHP LV GHVLJQHG WR WUHDW ������ OLWUHV� GD\ RI ZDVWH
ZDWHU RI QDOOD SDVVLQJ WKURXJK WKH 3DUN� 7KLV V\VWHP LV FRQVLVWV RI SUH�WUHDWPHQW �6HWWOLQJ WDQN���
P�� IROORZHG E\ 5RRW ]RQH EHG ���� 6T� P� ZLWK JUDYHOV� 5HHG 3ODQWV � 3KUDJPLWLV .DUND� DQG
LQOHW ± RXWOHW DUUDQJHPHQW IRU IORZ RI ZDWHU� 7R VWXG\ WKH HIILFLHQF\ RI V\VWHP SK\VLFR�FKHPLFDO
SDUDPHWHU QDPHO\ '2� %2'� &2'� &KORULGH DQG 7RWDO +DUGQHVV ZHUH DQDO\VHG TXDUWHUO\ IURP
-XQH ���� WR 0D\ ����� 7KH UHVXOW REWDLQHG LQGLFDWHV WKDW WKH 5RRW ]RQH 6\VWHP ZRUNV HIIHFWLYHO\
IRU PDLQWDLQLQJ WKH HFRORJLFDO EDODQFH RI WKH 6KDKSXUD /DNH DQG WUHDWHG ZDWHU FDQ DOVR EH XVHG IRU
UHFUHDWLRQDO�DFWLYLWLHV�OLNH�ZDVKLQJ�FORWKHV��ILVKLQJ��VZLPPLQJ��LUULJDWLRQ�HWF�
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5HVHDUFK�&HQWUH�IRU�/LPQRORJ\��,QGRQHVLDQ�,QVWLWXWH�RI�6FLHQFHV��/,3,���,QGRQHVLD

5HVHDUFK�&HQWUH�IRU�/LPQRORJ\��,QGRQHVLDQ�,QVWLWXWH�RI�6FLHQFHV��/,3,���,QGRQHVLD

5HVHDUFK�&HQWUH�IRU�/LPQRORJ\��,QGRQHVLDQ�,QVWLWXWH�RI�6FLHQFHV��/,3,���,QGRQHVLD

5HVHDUFK�&HQWUH�IRU�/LPQRORJ\��,QGRQHVLDQ�,QVWLWXWH�RI�6FLHQFHV��/,3,���,QGRQHVLD

5HVHDUFK�&HQWUH�IRU�/LPQRORJ\��,QGRQHVLDQ�,QVWLWXWH�RI�6FLHQFHV��/,3,���,QGRQHVLD
�
.(<:25'6��/$.(�%8<$1��/$.(�7$0%/,1*$1��6(',0(17$7,21

/DNH %X\DQ�7DPEOLQJDQ ORFDWHG DW DQ DOWLWXGH RI ���� P DERYH VHD OHYHO� LV D SRWHQWLDO DUHD IRU
WRXULVP LQGXVWU\� UHVLGHQWLDO DQG DJULFXOWXUDO DUHD� $Q RYDO�VKDSHG FDOGHUD ODNH ZLWK D GLDPHWHU RI
�� [ � NP� QDPHG DV �HQGRUKHLF EDVLQ� DV D FRQILQHG EDVLQ RU FORVHG ODNH EDVLQ� 7KH VKDSH RI WKH
FDOGHUD LV QDWXUDO FRQWDLQHU EDVLQ PRUSKRORJ\ DQG WKHUHIRUH� WKHUH LV QR GLUHFW LQIORZ RU RXWIORZ�
7KH REMHFWLYH RI WKLV VWXG\ LV WR DQDO\VLV RI SK\VLFDO FKDUDFWHULVWLFV FDWFKPHQW DW /DNH %X\DQ DQG
/DNH 7DPEOLQJDQ� 7KH VXUYH\ ZDV FRQGXFWHG RQ 2FWREHU ����� 5DLQZDWHU WKDW IDOOV ZLOO EH
FROOHFWHG LQ D FRQWDLQHU RI ZDWHU DQG SHUFRODWH DV JURXQGZDWHU LQ WKH EDVLQ� 7KHUH LV DOVR D IORZ RI
JURXQGZDWHU WKDW IORZV YHU\ VORZO\ RXW DV WKH VSULQJV EDVLQ LQ WKH ORZHU UHJLRQ� 7KH PRUSKRPHWULF
VKRZHG H[WHQVLYH /DNH %X\DQ ���� NP� ZLWK D PD[LPXP GHSWK RI ���� P� 7KRVH ODNHV KDYH DQ
DUHD RI ���� NP� ZKHUH ODNH 7DPEOLQJDQ ZLWK D PD[LPXP GHSWK RI �� P� 7KH DYHUDJH GHSWK RI
/DNH %X\DQ DQG 7DPEOLQJDQ LV ���� P DQG ���� P� UHVSHFWLYHO\� 7KH UHVXOW RI ODQG XVH FKDQJHV
VKRZHG WKH ODUJHVW ODQG FKDQJHV RFFXU LQ IRUHVW FRYHU UHDFKHG ����� KD RU OHVV �� RI WKH SUHYLRXV
IRUHVW DUHD� 0RVW RI WKH IRUHVW FRYHU WXUQHG LQWR SODQWDWLRQV DQG DJULFXOWXUDO DUHDV� $QRWKHU ODQG
XVH IRU �� \HDUV LV UHGXFHG LUULJDWHG ILHOGV DQG SODQWDWLRQV GHFUHDVHG �� IURP WKH SUHYLRXV ZLGH�
6HGLPHQWDWLRQ LQ ODNHV %X\DQ DQG 7DPEOLQJDQ XVLQJ K\GURORJLFDO PRGHOV 6:$7� VHGLPHQW ORDG
VLPXODWLRQ UHVXOWV ODNHV %X\DQ DQG 7DPEOLQJDQ LV ����� WRQV�\HDU DQG ��� WRQV�\HDU� ,I DOORZHG WR
FRQWLQXH�WKHVH�DFWLYLWLHV�WKHQ�ZRXOG�WKUHDWHQ�WKH�VXVWDLQDELOLW\�RI�WKH�ODNH�
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:RUOG�:DWHU�DQG�&OLPDWH�)RXQGDWLRQ��6DVNDWRRQ��&DQDGD

5LWVXPHLNDQ�8QLYHUVLW\��2WVX��-DSDQ

8QLYHUVLW\�RI�&DOLIRUQLD��'DYLV��8�6�$�

�

$GYLVRU�WR�0HPEHU�RI�0RQJROLDQ�3DUOLDPHQW

3DUOLDPHQW�RI�0RQJROLD
�
.(<:25'6��68%0(5*('�9(+,&/(6��+($9<�0(7$/6�$1'�3(752&+(0,&$/�32//87,21��81'(5:$7(5�6($5&+
7(&+1,48(6

0DQ\ ODNHV DQG ULYHUV LQ 0RQJROLD KDYH GLVDSSHDUHG GXULQJ WKH ODVW VHYHUDO GHFDGHV FDXVHG E\
JOREDO ZDUPLQJ� E\ ���� �� � RI WKH ODNHV KDG GLVDSSHDUHG DQG �� � E\ ����� $V GHVHUWLILFDWLRQ
SURFHHGV� WKH ORVV RI WKH FRXQWU\
V IUHVK ZDWHU UHVRXUFHV LV D FULWLFDO LVVXH IRU FRQVHUYDWLRQ RI ODQG�
YHJHWDWLRQ� ZLOGOLIH DQG VRFLHW\� /DNH .KXYVJRO� D ODUJH� DQFLHQW IUHVKZDWHU ODNH� KDV D YROXPH RI
��� NP�� D UHWHQWLRQ WLPH RI ��� � ���� \HDUV� D PD[LPXP GHSWK RI ����� P� DQ DUHD RI ����� NP�
DQG LW FRQWDLQV ��� RI 0RQJROLD
V WRWDO IUHVKZDWHU YROXPH RI ��� NP�� 7KHUH DUH VHYHUDO PDMRU
HQYLURQPHQWDO LVVXHV SRWHQWLDOO\ LPSDFWLQJ /DNH .KXYVJRO� 2QH LV WKH SUHVHQFH RI VXQNHQ YHKLFOHV�
LQFOXGLQJ RLO DQG IHUWLOL]HU WDQNHU WUXFNV� $SSDUHQWO\ WKHUH DUH PRUH WKDQ �� YHKLFOHV� DQG SRVVLEO\
DV PDQ\ DV ��� VXEPHUJHG LQ WKH ODNH GXH WR WKH EUHDNLQJ RI VXUIDFH LFH GXULQJ SDVW ZLQWHUV ZKHQ
WKH ODNH ZDV WKH RQO\ PDWHULDOV WUDQVSRUWDWLRQ FRUULGRU IURP 5XVVLD� 7KHVH QHHG WR EH ORFDWHG DQG
UHPRYHG EHIRUH WKH\ FDQ VHYHUHO\ FRQWDPLQDWH WKH ODNH GXH WR FRUURVLRQ DQG OHDNDJH RI QXWULHQWV�
KHDY\ PHWDOV DQG SHWURFKHPLFDOV� ,Q VXPPHU RI ���� ZH VHDUFKHG IRU �� YHKLFOHV XVLQJ DQ HFR�
VRXQGHU� *36� KLVWRULFDO JHRJUDSKLFDO FRRUGLQDWH GDWD DQG D UHPRWHO\ RSHUDWHG YHKLFOH ZLWK
FDPHUDV� :H GLG QRW ORFDWH DQ\ RI WKHVH DV WKH GDWD SURYHG WR EH KLJKO\ LQDFFXUDWH� 6XEVHTXHQWO\�
ZLWK WKH KHOS RI IRUPHU WDQNHU GULYHUV� ZH ZHUH DEOH WR ORFDWH WZR YHKLFOHV� ,Q DGGLWLRQ� ZH IRXQG
ODUJH DUHDV RI JURXQG ZDWHU LQIORZ DQG D ILVK SRSXODWLRQ JUHDWHU WKDQ H[SHFWHG IRU WKLV ROLJRWURSKLF�
FROG ZDWHU ODNH� :H SURSRVH LQ ���� WR PDS WKH ODNH ERWWRP XVLQJ VLGH�VFDQ VRQDU� 2QFH WKH
YHKLFOHV DUH ORFDWHG ZH ZLOO PHDVXUH SRWHQWLDO SROOXWLRQ LQ WKHLU YLFLQLW\� ,Q ���� ZH ZLOO HPSOR\ D
VDOYDJH FRPSDQ\ WR UHPRYH WKH YHKLFOHV DQG FRQFXUUHQWO\ PHDVXUH DQ\ FRQWHQW OHDNDJH GXH WR
FRUURVLRQ DQG YHKLFOH EUHDNDJH� ,I WKH ODNH EHFRPHV FRQWDPLQDWHG E\ WKHVH SROOXWDQW VRXUFHV LW ZLOO
WDNH D YHU\ ORQJ WLPH IRU LW WR UHFRYHU� $ VWURQJ DQG HIIHFWLYH HQYLURQPHQWDO PDQDJHPHQW SODQ LV
XUJHQWO\�QHHGHG�IRU�WKLV�0RQJROLDQ�QDWLRQDO�WUHDVXUH�
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,QVWLWXWH�RI�+\GURELRORJ\��.LHY��8NUDLQH

,QVWLWXWH�RI�+\GURELRORJ\��.LHY��8NUDLQH

,QVWLWXWH�RI�+\GURELRORJ\��.LHY��8NUDLQH

,QVWLWXWH�RI�+\GURELRORJ\��.LHY��8NUDLQH

,QVWLWXWH�RI�+\GURELRORJ\��.LHY��8NUDLQH

&KHUQRE\O�6SHFLDOL]HG�(QWHUSULVH��&KHUQRE\O��8NUDLQH
�
.(<:25'6��&+(512%</�(;&/86,21�=21(��5$',2$&7,9(�&217$0,1$7,21��$48$7,&�%,27$

&XUUHQWO\ WKH UDGLRHFRORJLFDO VLWXDWLRQ LQ WKH &KHUQRE\O H[FOXVLRQ ]RQH �(=� LV GHWHUPLQHG SULPDULO\
E\ ORQJ�OLYHG UDGLRQXFOLGHV ��6U� ���&V� ���3X� ���3X� ���3X DQG ���$P� $ORQJ ZLWK QDWXUDO
GHFRQWDPLQDWLRQ SURFHVVHV LQ DTXDWLF HFRV\VWHPV VXFK DV SK\VLFDO GHFD\ RI UDGLRQXFOLGHV DQG
WKHLU K\GURORJLFDO WUDQVSRUW RXWVLGH WKH (=� WKHUH LV D FKDQJH RI SK\VLFDO DQG FKHPLFDO IRUPV RI
UDGLRDFWLYH VXEVWDQFHV LQ VRLOV RI FDWFKPHQW DUHDV� WKHLU WUDQVIRUPDWLRQ DQG WUDQVLWLRQ LQ WKH PRELOH
DQG ELRDYDLODEOH VWDWH� ZDVKRXW WR WKH FORVHG DTXDWLF HFRV\VWHPV DQG DFFXPXODWLRQ E\
K\GURELRQWV� 7KLV LV HVVHQWLDOO\ GHWHULRUDWHV WKH UDGLDWLRQ VLWXDWLRQ LQ ODNH HFRV\VWHPV� ZKLFK DUH
VRPH NLQG RI ³VWRUDJH V\VWHP´ RI UDGLRDFWLYH VXEVWDQFHV LQ WKH (= DQG UHVXOWV LQ LQFUHDVH RI
UDGLDWLRQ GRVH WR DTXDWLF VSHFLHV DQG PDQLIHVWV LQ D YDULHW\ RI UDGLDWLRQ HIIHFWV DW GLIIHUHQW OHYHOV RI
ELRORJLFDO V\VWHPV� ,W LV GHWHUPLQHG WKDW WKH UDWH RI FKURPRVRPDO DEHUUDWLRQV LQ WKH URRWV RI WKH
KHORSK\WH SODQWV RI WKH PRVW FRQWDPLQDWHG ODNHV RQ DYHUDJH LQ ��� WLPHV DQG LQ FHOOV RI WKH SRQG
VQDLO HPEU\RV LQ ��� WLPHV H[FHHGLQJ WKH VSRQWDQHRXV PXWDJHQHVLV OHYHO� LQKHUHQW WR DTXDWLF
RUJDQLVPV� /HXNRJUDP DQDO\VLV RI SHULSKHUDO EORRG RI ILVK VKRZHG WKH GHFUHDVH RI SDUW RI
O\PSKRF\WHV� UHVSRQVLEOH IRU WKH LPSOHPHQWDWLRQ RI LPPXQRORJLFDO UHDFWLRQV� $W WKDW LW LV UHJLVWHUHG
LQFUHDVH LQ WKH QXPEHU RI JUDQXORF\WLF HOHPHQWV �QHXWURSKLOV DQG SVHXGRHRVLQRSKLOV�� UHVSRQVLEOH
IRU SKDJRF\WLF IXQFWLRQ DQG LQYROYHG LQ DOOHUJLF DQG DXWRLPPXQH UHDFWLRQV� $ORQJ ZLWK FKDQJHV LQ
OHXNRJUDPV DQ LQFUHDVHG OHYHO RI PRUSKRORJLFDO GDPDJHV RI HU\WKURF\WHV �GHIRUPDWLRQ RI QXFOHXV
DQG FHOO PHPEUDQH� QXFOHXV DQG F\WRSODVP YDFXROL]DWLRQ� S\NQRVLV DQG O\VLV RI FHOOV� IRUPLQJ RI
PLFURF\WHV� VFKLVWRF\WHV� GRXEOH QXFOHXV FHOOV DQG PLFURQXFOHL� ZDV GHWHUPLQHG� ZKLFK LV JHQHUDOO\
IRU SUD\ ILVK LQ ���� WLPHV DQG IRU SUHGDWRU\ ILVK LQ ���� WLPHV KLJKHU WKDQ LQ ILVK IURP UHVHUYRLUV
ZLWK EDFNJURXQG OHYHOV RI UDGLRDFWLYH FRQWDPLQDWLRQ� $QDO\VLV RI WKH YLDELOLW\ RI WKH VHHG SURJHQ\ RI
WKH FRPPRQ UHHG DW JHUPLQDWLRQ LQ WKH ODERUDWRU\ VKRZHG WKDW LQ JUDGLHQW RI DEVRUEHG GRVH UDWH
IURP ���� WR ����� F*\ \HDU�� IRU SDUHQWDO SODQWV LQ ODNHV� WKHUH LV D UHGXFWLRQ LQ WHFKQLFDO
JHUPLQDWLRQ �IURP �� WR ����� JHUPLQDWLRQ HQHUJ\ �IURP �� WR ���� DQG VHHG YLDELOLW\ �IURP �� WR
����� $W WKH VDPH WLPH VLJQLILFDQWO\ LQFUHDVHG WKH QXPEHU RI DEQRUPDOLWLHV RI VHHG VHHGOLQJV�
QHFURVLV RI URRWV �IURP ��� WR ������� GLVWXUEDQFH RI JUDYLWURSLVP �IURP ��� WR ������� GDPDJHV RI
RUJDQRJHQHVLV �IURP � WR ���� DQG GLVWXUEDQFH RI FKORURSK\OO V\QWKHVLV �IURP � WR ���� 7KXV� WKH
HVWDEOLVKHG GRVH�UHODWHG HIIHFWV LQ K\GURELRQWV RI ODNHV ZLWKLQ WKH (= LQGLFDWHV D GDPDJH RI
ELRORJLFDO V\VWHPV DW VXEFHOOXODU� FHOOXODU� WLVVXH� RUJDQ� RUJDQLVP DQG SRSXODWLRQ OHYHOV DV D UHVXOW
RI FKURQLF H[SRVXUH WR ORZ GRVHV RI LRQL]LQJ UDGLDWLRQ� 7KH UDWH RI FKURPRVRPDO DEHUUDWLRQV LQ FHOOV
RI DTXDWLF VSHFLHV LQ PDQ\ WLPHV H[FHHGV WKH OHYHO RI VSRQWDQHRXV PXWDJHQHVLV OHYHO WR DTXDWLF
ELRWD� ,QFUHDVHG OHYHOV RI FKURPRVRPH GDPDJHV PD\ EH D PDQLIHVWDWLRQ RI UDGLDWLRQ�LQGXFHG
JHQHWLF LQVWDELOLW\� ZKLFK LV RQH RI WKH PDLQ PHFKDQLVPV IRU WKH SURWHFWLRQ RI OLYLQJ RUJDQLVPV IURP
H[SRVXUH WR VWUHVVRUV ZLWK VXEVHTXHQW LPSOHPHQWDWLRQ DW KLJKHU OHYHOV RI RUJDQL]DWLRQ RI ELRORJLFDO
V\VWHPV�
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3R]QDQ�8QLYHUVLW\�RI�/LIH�6FLHQFHV��3RODQG

3R]QDQ�8QLYHUVLW\�RI�/LIH�6FLHQFHV��3RODQG

3R]QDQ�8QLYHUVLW\�RI�/LIH�6FLHQFHV��3RODQG
�
.(<:25'6��/$.(�5(6725$7,21��3+263+2586�,1$&7,9$7,21��38/9(5,=,1*�$(5$7,21

7KH SULQFLSDO WKUHDW WR ODNHV RI WKH WHPSHUDWH ]RQH LV SRVHG E\ IDFWRUV DFFHOHUDWLQJ WKHLU
HXWURSKLFDWLRQ DQG FDXVLQJ PDUNHG GHR[\JHQDWLRQ RI WKH GHHSHU OD\HUV RI ZDWHU� PDLQO\ WKH K\SR�
DQG PHWDOLPQLRQ� $PRQJ WKHLU HIIHFWV DUH IUHTXHQW SK\WRSODQNWRQ EORRPV� LQFOXGLQJ WKRVH RI EOXH�
JUHHQ DOJDH� DQG JHQHUDO GHWHULRUDWLRQ RI ZDWHU TXDOLW\ DOVR DIIHFWLQJ WKH DEXQGDQFH DQG KHDOWK
VWDWXV RI ILVK� 7KH FKLHI FRQFHUQ LV D GLVWXUEHG SURSRUWLRQ EHWZHHQ WKH DPRXQW RI FRPSOH[ FKHPLFDO
FRPSRXQGV� HVSHFLDOO\ RUJDQLF� DQG WKH R[\JHQ FRQWHQW RI ODNH ZDWHUV� 1DWXUDO SURFHVVHV RI ZDWHU
R[\JHQDWLRQ DUH QRW WRR LQWHQVLYH� EHFDXVH WKH\ DUH SUDFWLFDOO\ OLPLWHG WR WKH HSLOLPQLRQ OD\HU�
FRQQHFWHG DV WKH\ DUH ZLWK WKH DFWLYLW\ RI DTXDWLF SODQWV RI WKH OLWWRUDO DQG VXEOLWWRUDO ]RQH �ZKLFK
WHQGV WR GLVDSSHDU LQ FRQWDPLQDWHG ODNHV� DQG ZLQG HQHUJ\ �WKH HIIHFW RI ZDYLQJ�� ,Q VXPPHU
FRQGLWLRQV� ZLWK D UHODWLYHO\ JUHDW FKHPLFDO DFWLYLW\ RI ERWWRP GHSRVLWV� WKH LQWHQVLW\ RI WKRVH
SURFHVVHV LV XVXDOO\ LQDGHTXDWH >./$33(5 ����� /2662: HW DO ����@� +HQFH� LQ ���� D
UHVHDUFK ZDV ODXQFKHG LQ WKH ,QVWLWXWH RI $JULFXOWXUDO (QJLQHHULQJ RI WKH $JULFXOWXUDO 8QLYHUVLW\ LQ
3R]QDĔ RQ DQ LQWHJUDWHG ODNH UHVWRUDWLRQ WHFKQRORJ\ ZKRVH FRUH ZDV D VHOI�SRZHUHG DHUDWRU
FDSDEOH RI R[\JHQDWLQJ DOVR WKH ERWWRP OD\HUV RI ZDWHU �WKH K\SROLPQLRQ� RI GHHS ODNHV� 7KH
DHUDWRU XVHV HQHUJ\ REWDLQHG IURP D 6DYRQLXV URWRU PDLQO\ WR GLIIXVH JDVHV� WR UHOHDVH K\GURJHQ
VXOSKLGH� ZKLFK XVXDOO\ VDWXUDWHV WKH K\SROLPQLRQ ZDWHU FRPSOHWHO\� DQG WKHQ WR VDWXUDWH WKLV ZDWHU
ZLWK R[\JHQ >32'6,$'à2:6., HW DO� ����@� (YHQ HDUO\ VWXGLHV VKRZHG WKH FRQVWUXFWHG GHYLFH WR
EH KLJKO\ HIILFLHQW LQ LPSURYLQJ R[\JHQ FRQGLWLRQV LQ WKH ERWWRP ]RQH� 7KH\ DOVR PDGH LW FOHDU WKDW LW
VKRXOG EH HTXLSSHG ZLWK DQ DXWRQRPRXV V\VWHP GHVLJQHG WR LQDFWLYDWH SKRVSKRUXV� RQH RI WKH
SULQFLSDO IDFWRUV GHWHUPLQLQJ WKH UDWH RI ODNH GHJUDGDWLRQ� ,Q ���� WKH ILUVW ZLQG�GULYHQ SXOYHULVLQJ
DHUDWRU HTXLSSHG ZLWK VXFK D V\VWHP ZDV LQVWDOOHG LQ 7RZQ /DNH LQ &KRG]LHĪ� 7KH DLP RI WKLV ZRUN
LV WR SUHVHQW WKH SULQFLSOHV RI RSHUDWLRQ RI D ZLQG�GULYHQ SXOYHUL]LQJ DHUDWRU ZLWK D SKRVSKRUXV
LQDFWLYDWLRQ V\VWHP� DV ZHOO DV LWV JHQHUDO WHFKQLFDO FKDUDFWHULVWLFV DQG SUHOLPLQDU\ UHVXOWV RI D
VWXG\�RI�LWV�SHUIRUPDQFH�
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)XQGDFLyQ�+XPHGDOHV��&RORPELD

)XQGDFLyQ�*OREDO�1DWXUH��6SDLQ
�
.(<:25'6��6867$,1$%/(�:$67(:$7(5�75($70(17��*5((1�),/7(56��/$.(�)~48(1(��&2/20%,$

/DNH )~TXHQH ������KD� �����P�D�V�O��� D VWUDWHJLF ZHWODQG IRU WKH UHJLRQ RI WKH QRUWKHUQ $QGHV LQ
6RXWK $PHULFD LV IDFLQJ WKH QHJDWLYH HIIHFWV RI WKH HXWURSKLFDWLRQ RI LWV ZDWHUV� WKHUHIRUH LWV
HFRORJLFDO LQWHJULW\ DQG WKH HFRV\VWHP VHUYLFHV LW SURYLGHV �GULQNLQJ ZDWHU VXSSO\� ILVKHULHV�
WUDQVSRUW� UDZ PDWHULDO IRU KDQGFUDIWV� DPRQJ RWKHUV� WR D SRSXODWLRQ RI RYHU ������� LQKDELWDQWV
ZLWKLQ WKH EDVLQ RI WKH 8EDWp�6XDUH] ULYHUV� DUH FRPSURPLVHG� 7R DGGUHVV WKLV VLWXDWLRQ�
)XQGDFLyQ +XPHGDOHV �&2/20%,$�� VSRQVRUHG E\ WKH *OREDO 1DWXUH )XQG �*(50$1<�� ZLWK WKH
WHFKQLFDO VXSSRUW RI )XQGDFLyQ *OREDO 1DWXUH �63$,1�� DQG WKH IXQGLQJ IURP WKH FRPSDQLHV
.b5&+(5 �*(50$1<� DQG 6,.$ �6:,7=(5/$1'�� FRQGXFWHG D ORZ FRVW� VXVWDLQDEOH� DQG
HIILFLHQW SLORW H[SHULHQFH �*5((1 ),/7(56� WR KHOS QHXWUDOL]LQJ WKH PDLQ WKUHDW WR ODNH )~TXHQH�
GRPHVWLF ZDVWHZDWHUV GLVFKDUJHV� 7KH FKRVHQ WHFKQRORJ\ IRU ZDVWHZDWHU WUHDWPHQW� *5((1
),/7(56 ZLWK IORDWLQJ PDFURSK\WHV� FRQVLVWV LQ XVLQJ SODQW VSHFLHV� DOUHDG\ HVWDEOLVKHG LQ WKH
UHJLRQ� WKDW DUH SODQWHG LQ ORQJ� QDUURZ DQG VKDOORZ FKDQQHOV� $IWHU WZR PRQWKV RI RSHUDWLRQ� WKH
SLORW V\VWHP ORFDWHG LQ 6DQ 0LJXHO GH 6HPD� %R\DFi ���� LQKDELWDQWV�� FRQVWLWXWHG E\ D VLPSOLILHG
SULPDU\ WUHDWPHQW DQG D FKDQQHO RI ���P ORQJ� ���P ZLGH DQG �P GHHS� REWDLQHG DQ DYHUDJH %2'
UHPRYDO RI ���� 7KH SLORW V\VWHP UHVXOWV LQFHQWLYL]HG RWKHU FRPPXQLWLHV WR XVH VLPLODU
WHFKQRORJLHV RI KLJK HFRQRPLFDO� VRFLDO DQG HQYLURQPHQWDO YLDELOLW\� ZKLFK ZLOO FRQWULEXWH WRZDUGV
WKH LPSURYHPHQW RI ZDWHU TXDOLW\ LQ WKH EDVLQV DQG WKH SURWHFWLRQ RI KLJK�$QGHDQ ZHWODQGV LQ
&RORPELD�DQG�/DWLQ�$PHULFD�
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*UDGXDWH�6FKRRO�RI�/LIH�DQG�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�7VXNXED��-DSDQ

)DFXOW\�RI�/LIH�6FLHQFHV��7R\R�XQLYHUVLW\��-DSDQ

)DFXOW\�RI�/LIH�DQG�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�7VXNXED��-DSDQ

)DFXOW\�RI�/LIH�DQG�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�7VXNXED��-DSDQ
�
.(<:25'6��$&7,120<&(7(6��0867<�2'25��*(260,1

$FWLQRP\FHWHV DUH NQRZQ WR SURGXFH JHRVPLQ DQG ��PHWK\OLVRERUQHRO ���0,%�� ERWK DUH
UHVSRQVLEOH IRU PXVW\ RGRU LQ IUHVK ZDWHUV� /LJKW LV RQH RI WKH PRVW LPSRUWDQW IDFWRUV IRU PHWDEROLF
UHVSRQVH RI DFWLQRP\FHWHV� 3UHYLRXV VWXGLHV KDYH UHSRUWHG WKDW 6WUHSWRP\FHV FRHOLFRORU $����
SURGXFHG FDURWHQRLG ZKHQ H[SRVHG DW EOXH OLJKW ���� �PRO P�� V���� EXW GLGQ¶W SURGXFH DW UHG OLJKW
���� �PRO P�� V���� %RWK FDURWHQRLG DQG JHRVPLQ DUH WHUSHQRLGV� )XUWKHUPRUH�
LVRSHQWHQ\OS\URSKRVSKDWH LV FRPPRQ SUHFXUVRU RI JHRVPLQ DQG FDURWHQRLG� ,Q WKLV VWXG\� ZH
FRQGXFWHG SODWH FXOWXUH H[SHULPHQWV XQGHU GLIIHUHQW /(' OLJKW LQWHQVLW\ ��� �� ��� �� DQG �� �PRO
P�� V��� RI EOXH ���� QP� DQG ZKLWH OLJKW WR HOXFLGDWH WKH IDFWRUV WKDW LQIOXHQFH RQ JHRVPLQ
SURGXFWLRQ� *HRVPLQ SURGXFWLRQ RI 6� FRHOLFRORU $���� JUDGXDOO\ LQFUHDVHG XQGHU EOXH DQG ZKLWH
OLJKW FRQGLWLRQ EHWZHHQ ��� DQG �� �PRO P�� V�� OLJKW LQWHQVLW\� EXW WKH SURGXFWLRQ WHQGHG WR
GHFUHDVH DERYH �� �PRO P�� V��� 7KLV UHVXOW VXJJHVWHG JHRVPLQ SURGXFWLRQ RI 6� FRHOLFRORU $����
LQFUHDVHG ZKHQ H[SRVHG VKRUW ZDYHOHQJWKV OLJKW� EXW GHFUHDVHG DW OLJKW LQWHQVLW\ DERYH VSHFLILF
OHYHO� $OVR� ZH FRQGXFW SODWH FXOWXUH H[SHULPHQWV XQGHU GLIIHUHQW OLJKW LQWHQVLW\ RI UHG ���� QP� DQG
JUHHQ������QP��OLJKW�WR�HOXFLGDWH�WKH�IDFWRUV�WKDW�LQIOXHQFH�RQ�JHRVPLQ�SURGXFWLRQ�
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1DWLRQDO�5HVHDUFK�&RXQFLO��&15���,QVWLWXWH�RI�(FRV\VWHP�6WXG\��,WDO\

1DWLRQDO�5HVHDUFK�&RXQFLO��&15���,QVWLWXWH�RI�(FRV\VWHP�6WXG\��,WDO\

5HVHDUFK�DQG�,QQRYDWLRQ�&HQWUH��)RQGD]LRQH�(GPXQG�0DFK��,WDO\

5HVHDUFK�DQG�,QQRYDWLRQ�&HQWUH��)RQGD]LRQH�(GPXQG�0DFK��,WDO\
�
.(<:25'6��&+/25,'(��/21*�7(50�75(1'6��+<'52&+(0,675<

,Q WKH UHFHQW SHULRG WKHUH KDV EHHQ D JURZLQJ FRQFHUQ DERXW WKH HIIHFWV RI LQFUHDVLQJ FKORULGH
FRQFHQWUDWLRQ LQ VXUIDFH ZDWHUV� GXH WR WKHLU SRWHQWLDO GDPDJH WR DTXDWLF OLIH� ,QFUHDVLQJ FRQWHQW RI
FKORULGH KDV EHHQ REVHUYHG LQ VHYHUDO ODNHV DQG ULYHUV LQ XUEDQ DUHDV RU FORVH WR PDMRU URDGV LQ
(XURSH DQG 86� ,Q ,WDO\ WKH XVH RI 1D&O DV URDG GH�LFLQJ DJHQW LV OLPLWHG WR QRUWKHUQ UHJLRQV DQG
PRXQWDLQ DUHDV� +RZHYHU� SRVVLEOH HIIHFWV RI FKORULGH RQ ZDWHU TXDOLW\ KDYH QHYHU EHHQ DVVHVVHG�
/RQJ WHUP VHULHV RI FKHPLFDO GDWD H[LVWV� LQFOXGLQJ PDMRU LRQV� IRU WKH ODNHV RI WKH VXEDOSLQH GLVWULFW
�0DJJLRUH� /XJDQR� &RPR� ,VHR H *DUGD�� ,Q WKLV SDSHU ZH DQDO\VH WUHQGV DIIHFWLQJ &O DQG 1D
FRQFHQWUDWLRQV LQ WKH GHHS VXEDOSLQH ODNHV GXULQJ WKH ODVW �� \HDUV� ZLWK WKH DLP WR GLVFXVV WKH
SRVVLEOH FDXVHV RI WHPSRUDO FKDQJHV� $Q LQ�GHSWK DQDO\VLV LV SUHVHQWHG IRU /DNH 0DJJLRUH� $OO WKH
ODNHV FRQVLGHUHG VKRZ SRVLWLYH WUHQGV RI 1D DQG &O FRQFHQWUDWLRQV� PRVWO\ HYLGHQW LQ WKH UHFHQW
SDUW RI WKH UHFRUG �VLQFH ������ )RU /DNH 0DJJLRUH� WKH LQFUHDVLQJ FRQWHQW RI WKHVH LRQV LQ ODNH
ZDWHU LV LQ DJUHHPHQW ZLWK WKH UDLVLQJ ORDGV IURP WKH PDLQ WULEXWDULHV� 7KH XVH RI 1D&O DV URDG GH�
LFLQJ DJHQW LQ ZLQWHU ZDV LGHQWLILHG DV WKH PDLQ FDXVH IRU WKH REVHUYHG WUHQGV� &O FRQFHQWUDWLRQV LQ
WKH VWXG\ ODNHV DUH VWLOO IDU IURP WKH WKUHVKROG OLPLW IRU ZDWHU TXDOLW\� KRZHYHU� WKH SRVLWLYH WUHQGV RI
&O LQ WKHVH ODNHV� UHSUHVHQWLQJ DOPRVW ��� RI WKH WRWDO IUHVKZDWHU YROXPH LQ ,WDO\� ZDUUDQWV IXUWKHU
LQYHVWLJDWLRQ�
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,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\
�
.(<:25'6��3)26�3)2$��3(5&$�)/89,$7,/,6��9$5(6(�/$.(

3HUIOXRURRFWDQRLF DFLG �3)2$� DQG SHUIOXRURRFWDQH VXOIRQDWH �3)26� DUH HQYLURQPHQWDO
FRQWDPLQDQWV EHORQJLQJ WR D FKHPLFDO JURXS NQRZQ DV SHUIOXRULQDWHG FRPSRXQGV �3)&��
3)26�3)2$ DUH YHU\ SHUVLVWHQW LQ WKH HQYLURQPHQW DQG ELRDFFXPXODWH LQ KXPDQV� 7KH 8QLWHG
6WDWHV (QYLURQPHQWDO 3URWHFWLRQ $JHQF\ �86 (3$� FRQVLGHUV ERWK FRPSRXQGV WR EH FDUFLQRJHQLF
DQG WKH (XURSHDQ )RRG 6DIHW\ $XWKRULW\ �()6$� UHFHQWO\ SRLQWHG RXW WKDW WKH\ DUH DVVRFLDWHG ZLWK
DGYHUVH KHDOWK HIIHFWV� 'LHW LV FRQVLGHUHG WKH PDLQ VRXUFH RI H[SRVXUH WR 3)&V� ZKLFK KDYH EHHQ
IRXQG PRUH IUHTXHQWO\ LQ ILVK FRPSDUHG WR RWKHU IRRG JURXSV� ,Q IDFW� DTXDWLF HFRV\VWHPV UHSUHVHQW
WKH ILQDO UHVHUYRLU IRU 3)&V GXH WR WKHLU JUHDW DIILQLW\ IRU VHGLPHQWDU\ DQG OLYLQJ RUJDQLF PDWWHU� ,Q
WKHVH V\VWHPV� PHDVXUHG OHYHOV RI SHUVLVWHQW RUJDQLF SROOXWDQWV �323V� FRXOG LQFUHDVH DORQJ WKH
WURSKLF ZHE� XOWLPDWHO\ DIIHFWLQJ KXPDQV WKDW FRQVXPH DTXDWLF VSHFLHV� ,Q WKLV VWXG\� 3)26�3)2$
ZDV GHWHFWHG E\ /&�06�06 LQ PXVFOH VDPSOHV RI 3HUFD IOXYLDWLOLV FROOHFWHG IURP 9DUHVH /DNH�
3)2$ ZDV QRW IRXQG LQ DQ\ RI WKH LQYHVWLJDWHG VDPSOHV DERYH WKH OLPLW RI TXDQWLWDWLRQ RI ���� QJ
J��IUHVK ZHLJKW �IZ�� ZKHUHDV 3)26 ZDV GHWHFWHG LQ DOO VDPSOHV ZLWK FRQFHQWUDWLRQV UDQJLQJ IURP
��� WR ���� QJ J�� IZ �PHDQ ���� QJ J�� IZ�� $ SURYLVLRQDO 7', �7ROHUDEOH 'DLO\ ,QWDNH� RI ��� QJ
J�� ERG\ ZHLJKW SHU GD\ ZDV SURSRVHG E\ WKH ()6$ 2SLQLRQ ������ WR EH XVHG IRU D ULVN
DVVHVVPHQW� 2XU ELR PRQLWRULQJ UHVXOWV GLG QRW VKRZ D SDUWLFXODUO\ DODUPLQJ OHYHO RI SROOXWLRQ E\
3)&V��,Q�IDFW�ZH�GLGQ¶W�ILQG�3)26�YDOXHV�H[FHHG�WKH�7',�SURSRVHG�E\�()6$�LQ�ILVK�
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06������:DWHU�TXDOLW\�DQG�SROOXWLRQ�FRQWURO�

0X÷OD�6ÕWNÕ�.RoPDQ�8QLYHUVLW\��7XUNH\

�
�
.(<:25'6��$17+5232*(1,&�)$&7256��3+<6,&$/�&+(0,&$/�$1$/<6,6��)5(6+�:$7(56

5HFHQWO\� LQ VHWWOHPHQW DUHDV LQ 7XUNH\� VLPLODU WR PDQ\ RWKHU SDUWV RI WKH ZRUOG� WKH IUHVK ZDWHU
V\VWHPV DQG QDWXUDO VWUXFWXUHV RI WKH VHD� HVSHFLDOO\ WKH RQHV XQGHU WKH SUHVVXUH RI YDULRXV
RUJDQLF DQG LQRUJDQLF SROOXWDQWV� DUH EHLQJ GHIRUPHG DQG WKHVH UHJLRQV ZKLFK DUH TXLWH SURGXFWLYH
LQ WHUPV RI ILVKHU\ SURGXFWV DUH JHWWLQJ LQIHUWLOH EHFDXVH RI WKH SRSXODWLRQ JURZWK� LQGXVWULDOL]DWLRQ�
LQWHQVH DJULFXOWXUDO DFWLYLWLHV DQG DJULFXOWXUDO PDOSUDFWLFHV� 7KLV VWXG\ ZDV FDUULHG RXW EHWZHHQ 0D\
���� DQG $SULO ���� LQ WKHVH ZDWHU UHVRXUFHV� .DGÕQ &UHHN� $NFDSÕQDU &UHHN� <XYDUODNFD\ 6WUHDP
DQG 1DPQDP 6WUHDP� 7KHVH VWDWLRQV� VHOHFWHG WKHVH IUHVK ZDWHUV ZHUH LQYHVWLJDWHG IRU ZDWHU
TXDOLW\ DVSHFWV� :DWHU VDPSOHV� WDNHQ IURP WKHVH VWDWLRQV ZHUH VWXGLHG IRU SK\VLFR�FKHPLFDO
HYLGHQFHV� 5HVXOWV RI WKH VWXG\ ZHUH GHWHUPLQHG DV� ZDWHU WHPSHUDWXUH ������������ &�� S+
������������ HOHFWULFDO FRQGXFWLYLW\ ���������� �6�FP�� GLVVROYHG R[\JHQ ���������� PJ�/�� %2'�
�%'/����� PJ�/�� QLWULWH �%'/������ �PRO�/�� QLWUDWH �%'/������ �PRO�/�� DPPRQLD �%'/������
�PRO�/�� RUWKR�SKRVSKDWH �%'/������ �PRO�/� DQG VXVSHQGHG VROLGV ����������� PJ�/�� 3K\VLFR�
FKHPLFDO GDWD ZHUH HYDOXDWHG LQ DFFRUGDQFH ZLWK WKH /HJLVODWLRQ RI :DWHU 3ROOXWLRQ &RQWURO� $V D
FRQFOXVLRQ RI WKLV VWXG\ WKH SROOXWLRQ LQ WKHVH IUHVK ZDWHUV ZHUH VHHQ WR EH PRVWO\ LQIOXHQFHG E\ D
FRPELQDWLRQ RI DQWKURSRJHQLF IDFWRUV� DJULFXOWXUDO SROOXWDQWV� WRXULVP DFWLYLWLHV� GRPHVWLF ZDVWH DQG
VHZDJH ZDWHU� :DWHU PDQDJHPHQW EDVHG RQ IUHVK ZDWHUV VKRXOG EH GHYHORSHG DQG PRQLWRULQJ
SURJUDPPHV�IRU�VXUIDFH�DQG�JURXQG�ZDWHUV�PXVW�EH�DFKLHYHG�
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/LWDQL�5LYHU�%DVLQ�0DQDJHPHQW�6XSSRUW�3URJUDP��/HEDQRQ

'HSDUWPHQW�RI�:DWHU�0RQLWRULQJ�DQG�(QYLURQPHQWDO�6WXGLHV��/LWDQL�5LYHU�$XWKRULW\��%HLUXW��/HEDQRQ

'HSDUWPHQW�RI�(QYLURQPHQWDO�6FLHQFHV��)DFXOW\�RI�$JULFXOWXUDO�(QJLQHHULQJ�DQG�9HWHULQDU\�0HGLFLQH�
/HEDQHVH�8QLYHUVLW\��'HNZDQHK�(O�0DWHQ��/HEDQRQ

'HSDUWPHQW�RI�(QYLURQPHQWDO�6FLHQFHV��)DFXOW\�RI�$JULFXOWXUDO�(QJLQHHULQJ�DQG�9HWHULQDU\�0HGLFLQH�
/HEDQHVH�8QLYHUVLW\��'HNZDQHK�(O�0DWHQ��/HEDQRQ

'HSDUWPHQW�RI�(QYLURQPHQWDO�6FLHQFHV��)DFXOW\�RI�$JULFXOWXUDO�(QJLQHHULQJ�DQG�9HWHULQDU\�0HGLFLQH�
/HEDQHVH�8QLYHUVLW\��'HNZDQHK�(O�0DWHQ��/HEDQRQ

'HSDUWPHQW�RI�3ODQW�%UHHGLQJ��$JULFXOWXUDO�5HVHDUFK�,QVWLWXWH��=DKOH��/HEDQRQ
�
.(<:25'6��3+<725(0(',$7,21��,21�5(029$/��$48$7,&�(&26<67(06

3ROOXWLRQ RI WKH HQYLURQPHQW E\ PHWDOV DQG RUJDQLF FRQWDPLQDQWV LV DQ LQWUDFWDEOH JOREDO FRQFHUQ�
ZLWK FOHDQXS FRVWV UXQQLQJ LQWR ELOOLRQV RI GROODUV XVLQJ WKH FXUUHQW FRVWO\ HQJLQHHULQJ WHFKQRORJLHV�
7KH DYDLODELOLW\ RI WHFKQRORJLHV DOWHUQDWLYH� FKHDS DQG HIIHFWLYH� ZRXOG VLJQLILFDQWO\ LPSURYH WKH
SURVSHFWV RI FOHDQLQJ�XS PHWDO FRQWDPLQDWHG VLWHV� 3K\WRUHPHGLDWLRQ KDV EHHQ SURSRVHG DV DQ
HFRQRPLFDO DQG µJUHHQ¶ PHWKRG RI H[SORLWLQJ SODQWV WR H[WUDFW RU GHJUDGH WKH FRQWDPLQDQWV LQ WKH
VRLO� 3K\WRUHPHGLDWLRQ LV WKH SURFHVV RI FOHDQVLQJ FRQWDPLQDWHG HIIOXHQWV� DPRQJ ZKLFK GRPHVWLF
ZDVWH ZDWHU� RI KDUPIXO SROOXWDQWV DQG RUJDQLF PDWWHU E\ UXQQLQJ WKH ZDWHU WKURXJK D V\VWHP RI
SODQWV� VRLOV DQG PLFUREHV� ,Q WKLV VWXG\� ZH XVHG PLFUR�O\VLPHWHUV WR VKRZ WKH HIIHFWLYHQHVV RI
SK\WR�UHPHGLDWLRQ DQG WR[LF LRQ UHPRYDO FDSDFLW\ RI WZR ZHWODQG SODQWV �3KUDJPLWHV DXVWUDOLV DQG
6SDUJDQLXP HUHFWXP� LQ WUHDWLQJ WKH FRQWDPLQDWHG XSVWUHDP RI /HEDQRQ¶V /LWDQL 5LYHU DQG LWV
RIIVKRRW 4DUDRXQ /DNH� 5HVXOWV VKRZHG WKDW WKH DFFXPXODWLRQ RI SROOXWDQWV� QRWDEO\ LURQ� FXSSHU
DQG FDGPLXP� DV ZHOO DV QXWULHQWV VXFK DV VRGLXP� VXOIDWH DQG SKRVSKDWH� ZDV KLJKHU LQ OHDYHV RI
3KUDJPLWHV DXVWUDOLV SODQWV WKDQ WKRVH RI 6SDUJDQLXP HUHFWXP SODQWV� 7KH PDJQLWXGH RI LRQ
UHPRYDO IURP ZDWHU DQG DFFXPXODWLRQ LQ OHDYHV GHSHQGV RQ ZHDWKHU FRQGLWLRQV� VXFK DV UHODWLYH
KXPLGLW\ DQG WHPSHUDWXUH RI WKH DLU� 2Q WKH RWKHU KDQG� WKH DFFXPXODWLRQ RI VDOWV LQ SODQWV¶ OHDYHV
UHGXFHG HOHFWULFDO FRQGXFWLYLW\ DQG WRWDO GLVVROYHG VROLGV LQ WKH WUHDWHG HIIOXHQWV� )LQDOO\� ZH
FRQFOXGHG WKDW SK\WR�UHPHGLDWLRQ FRQVWLWXWHV D ELR�PDQLSXODWLRQ DQG FRVW HIIHFWLYH WHFKQLTXH WR
UHGXFH�ZDWHU�SROOXWLRQ�LQ�DTXDWLF�HFRV\VWHPV�
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06������:DWHU�TXDOLW\�DQG�SROOXWLRQ�FRQWURO�

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

9HWHULQDU\��'HPRFUDWLF�5HSXEOLF�RI�&RQJR

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\
�
.(<:25'6��76+$1*$/(/(�/$.(��+($9<�0(7$/6��),6+

7VKDQJDOHOH /DNH LV DQ DUWLILFLDO EDVLQ LQ WKH 'HPRFUDWLF 5HSXEOLF RI &RQJR LQ .DWDQJD� 7KH ODNH
ZDV GHFODUHG D %LRVSKHUH 5HVHUYH LQ ���� DQG FODVVLILHG DV ,PSRUWDQW %LUG $UHD E\ %LUG/LIH
,QWHUQDWLRQDO� 7KH PDLQ JHQHUD RI ILVK SUHVHQW DUH 7LODSLD DQG &ODULDV DQG WKH KLJK SURGXFWLYLW\ RI
WKHVH ZDWHUV UHSUHVHQW WKH SULQFLSDO VRXUFH RI DQLPDO SURWHLQV IRU WKH ORFDO SRSXODWLRQ� 7KLV UHJLRQ
LV FKDUDFWHUL]HG E\ WKH SUHVHQFH RI QXPHURXV PHWDO PLQHV RI FRSSHU DQG FREDOW PDLQO\� ZLWK
IRUHLJQ SURSHUW\� 7KHVH DFWLYLWLHV XVH KLJK TXDQWLWLHV RI ZDWHUV WKDW UHWXUQ XQWUHDWHG LQ WKH ODNH
EHFRPLQJ D SHULFXORXV FDUULHU RI KHDY\ PHWDO FRQWDPLQDWLRQ� %HFDXVH RI WKH GLIILFXOWLHV WR FRQGXFH
FKHPLFDO DQDO\VLV LQ WKLV DUHD� WKH �� SRROV RI VDPSOHV RI ILVKHV IURP WKH ODNH ZHUH LQYHVWLJDWHG DW
WKH ,=6 RI 7RULQR� $QDO\VLV RI VDPSOHV ZHUH FRQGXFWHG E\ LQGXFWLYHO\ FRXSOHG SODVPD PDVV
VSHFWURPHWU\ �,&3�06� IRU $O� $V� &G� &R� &U� &X� )H� 0Q� 1L� 3E� 6H� 6Q DQG =Q� ZKLOH IRU +J� E\
'LUHFW 0HUFXU\ $QDO\]HU �'0���� 7KH UHVXOWV RI WKH PRVW GDQJHURXV PHWDOV VKRZHG DQ KLJK PHDQ
FRQWDPLQDWLRQ IRU OHDG ����� PJ�NJ 6W'HY ���� ZLWK D PD[LPXP VDPSOH FRQWHQW RI ��� PJ�NJ DQG
IRU FDGPLXP RI ���� PJ�NJ� 7KH OHYHO RI PHUFXU\ ZDV KRZHYHU YHU\ ORZ� 2WKHU HOHPHQWV OLNH
DOXPLQLXP� LURQ DQG ]LQF SUHVHQWHG DOVR YHU\ KLJK OHYHOV� :LWK WKH UHVXOWV RI WKLV SUHOLPLQDU\ VWXG\ LW
DSSHDUV QHFHVVDU\ WR LPSURYH WKH NQRZOHGJH RI WKH FRQWDPLQDWLRQ RI WKLV DUHD E\ KHDY\ PHWDOV WR
GHIHQG�WKH�ULJKW�WR�KHDOWK�RI�WKLV�SRSXODWLRQ�
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&RUD]RQ�GH�OD�7LHUUD��,QVWLWXWH�RI�(QYLURQPHQWDO�'HYHORSPHQW��0H[LFR

1DWLRQDO�3RO\WHFKQLF�,QVWLWXWH��,31���0H[LFR

&RUD]RQ�GH�OD�7LHUUD��,QVWLWXWH�RI�(QYLURQPHQWDO�'HYHORSPHQW��0H[LFR

&RUD]RQ�GH�OD�7LHUUD��,QVWLWXWH�RI�(QYLURQPHQWDO�'HYHORSPHQW��0H[LFR
�
.(<:25'6��+<'5,&�(526,21��+,//6,'(�)$50,1*��)(57,/,7<

/DNH &KDSDOD LV 0H[LFR
V ODUJHVW IUHVKZDWHU ERG\� EXW DOVR RQH RI WKH PRVW DIIHFWHG E\ KXPDQ
DFWLYLWLHV� 2QH RI WKH OHVV VWXGLHG DVSHFWV LV WKH UHODWLRQVKLS EHWZHHQ WKH ODNH DQG WKH EDVLQ RI
ZKLFK LW EHORQJV� SDUWLFXODUO\ WKH SRUWLRQ WKDW GUDLQV GLUHFWO\ LQWR LW �VXE�EDVLQ &KDSDOD� VKDUHG
EHWZHHQ -DOLVFR DQG 0LFKRDFDQ VWDWHV�� $Q LPSRUWDQW DVSHFW LQ WHUPV RI EDVLQ IXQFWLRQLQJ LV WKDW
UHIHUHG WR ZDWHU HURVLRQ� ZKLFK FUHDWHV SUREOHPV ERWK ZLWK IHUWLOLW\ ORVV DQG VLOWDWLRQ RI QDWXUDO ZDWHU
ERGLHV DQG LUULJDWLRQ LQIUDVWUXFWXUH� 3URMHFW SUHVHQWHG LQ WKLV SDSHU DLPHG WR TXDQWLI\ ZDWHU HURVLRQ
LQ WKH ZDWHUVKHG
V ODUJH DJULFXOWXUDO DUHDV DQG DQG IRUHVW VXUIDFHV� 7KH PHWKRG XVHG ZDV WKH
UXQRII SORWV� FRQVLVWHG LQ FDSWXULQJ UXQRII VHGLPHQW JHQHUDWHG LQ D UHVWULFWHG DUHD GXULQJ WKH
UDLQVWRUP� ZKLFK LV VXEVHTXHQWO\ ZHLJKHG� 0RVW VRLO ORVV IRXQG ZDV ���� WRQ�KD�\HDU DW KLOOVLGH
FURSV� DQG WKH ORZHVW RFFXUUHG LQ WURSLFDO GHFLGXRXV IRUHVW ZLWK ��� NJ�KD�\HDU� 2UJDQLF PDWWHU ZDV
RQH RI WKH FRPSRQHQWV RI VRLO ORVW GXULQJ ZDWHU HURVLRQ SURFHVV� ZLWK SHUFHQWDJHV XS WR ����� LQ
WKH UDLQIHG FURSV� ZLWK ����� RI WRWDO QLWURJHQ� OLNHZLVH� WKH WH[WXUDO FRPSRQHQW ZLWK JUHDWHVW ORVV
ZDV FOD\ ZLWK FRQWHQWV XS WR ������ (YHQ LQ DUHDV ZLWK OHVV HURVLRQ WKH SHUFHQWDJH RI RUJDQLF
PDWWHU ORVW LV KLJK� XS WR ����� DQG WRWDO QLWURJHQ FRQWHQW RI ������:LWK REWDLQHG UHVXOWV LW FDQ EH
FRQFOXGHG WKDW RQH RI WKH PRVW VXVFHSWLEOH VRLO FRPSRQHQWV WR EH ORVW GXULQJ WKH HURVLRQ SURFHVV LV
RUJDQLF�PDWWHU��E\�FRQVHTXHQFH�WKH�PRVW�DIIHFWHG�QXWULHQW�LV�QLWURJHQ�
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$VLD�3DFLILF�&HQWUH�IRU�(FKRK\GURORJ\��$3$&(���81(6&2��,QGRQHVLD

5HVHDUFK�&HQWUH�IRU�/LPQRORJ\��,QGRQHVLD
�
.(<:25'6��:$7(5�48$/,7<��%,2),/7(5��0<5,23+<//80�63

,Q WKH ODVW ILYH \HDUV� WKHUH LV D JHQXV RI DTXDWLF SODQWV 0\ULRSK\OOXP VS� ZKLFK GRPLQDWH LQ VRPH
ODNHV DURXQG -DNDUWD � %RJRU � 7DQJHUDQJ ± %HNDVLLQ ,QGRQHVLD� ZKLFK FRXOG DIIHFW WKH ZDWHU
TXDOLW\ RI WKH ODNH� 0\ULRSK\OOXP VS LV DQ DTXDWLF SODQW JURZLQJ XQGHU WKH VXUIDFH RI WKH ZDWHU
�VXEPHUVHG PDFURSK\WHV�� 7KHVH SODQWV DUH URRWHG DQG DWWDFKHG WR WKH EDVH FRPSRVLWLRQ RI WKH
ZDWHUV ZLWK FRPSRXQG OHDYHV DV VSRQJHV DQG VKDSHG OLNH IHDWKHUV RI ELUGV� 8QFRQWUROOHG JURZWK RI
ZHHGV FDQ EH D QHJDWLYH LPSDFW RQ WKH HFRV\VWHP RI WKH ODNH� 7KH H[LVWHQFH RI 0\ULRSK\OOXP
VSFDQ UHGXFH WKH OHYHO RI GLVVROYHG R[\JHQ LQ WKH ZDWHUUHVXOWLQJ LQ ORZ SURGXFWLYLW\ RI ILVK� FDQ DOVR
UHGXFH WKH ZDWHU YROXPH RI WKH ODNH DV ZHOO DV UHGXFLQJ WKH HVWHWLF YDOXH DV D WRXULVW SODFHV� 7KLV
UHVHDUFK DLPV WR VWXG\ WKH DELOLW\ RI 0\ULRSK\OOXP VS UHVLGLQJ LQ 6LWX &LEXQWX ODNH DV D ELRILOWHU WR
LPSURYH WKH TXDOLW\ RI WKH UDZ ZDWHU LQ ZDWHU WUHDWPHQW V\VWHPV�7KLV UHVHDUFK VKRZV WKDW
0\ULRSKLOOXP VS SODFHG LQ 6HUL�WDQNV ZHUH DEOH WR GHFUHDVH WKH WRWDO DPRXQW RI &ROLIRUP DQG )HFDO
&ROLIRUP IURP ���FX����PO DQG ���FX����PO WR QRQH UHVSHFWLYHO\� 7KH S+ OHYHO VOLJKWO\ LQFUHDVHV
IURP ���� WR ����� WKH WXUELGLW\ GHFUHDVHV IURP �� 178 WR � 178� DQG WKH GLVVROYHG R[\JHQ �'2�
LQFUHDVHV IURP ���� PJ�O WR ���� PJ�O� 2WKHU SDUDPHWHUV VXFK DV SKRVSKDWH� WRWDO SKRVSKRU DQG
&2' WHQG WR GHFUHDVH� ������ PJ�O WR ������ PJ�O� ������ PJ�O WR ������ PJ�O DQG ����� PJ�O WR
�����PJ�O�UHVSHFWLYHO\�
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%DQJDORUH�8QLYHUVLW\��,QGLD
�
.(<:25'6��&$89(5<�5,9(5���%$1*$/25(�$1'�0<625(�&,7<�$5($6��:$7(5�5(6285&(6�0$1$*(0(17�

&DXYHU\5LYHU LV RQH RI WKH PRVW LPSRUWDQW IUHVK ZDWHU VRXUFHV LQ %DQJDORUH DQG 0\VRUH FLW\ DUHDV�
ZDWHU TXDOLW\ DQG ZDWHU UHVRXUFHV PDQDJHPHQW LV UHTXLUHG WR SRWHQWLDO XWLOLW\ RI ZDWHU LQ IXOILOOLQJ
IXQFWLRQV DV LUULJDWLRQ� UHFUHDWLRQDO XVH� KXPDQ FRQVXPSWLRQ� DQG HFRORJLFDO IXQFWLRQ� :DWHU
TXDOLW\ LV TXDQWLILHG UHODWLYH WR WKH FRQWH[W RI XVH� DQG VWXGLHV LQFOXGH LQFOXGHV FKHPLFDO� ELRORJLFDO�
DQG SK\VLFDO SURSHUWLHV� VXFK DV QXWULHQWV ORDG� FROLIRUPV JURZWK� DQG WHPSHUDWXUH LPSDFW RQ JOREDO
ZDUPLQJ� WKH SURFHVVHV DIIHFWLQJ ZDWHU TXDQWLW\ DQG TXDOLW\ )HZ RI WKH UHPHGLDO PHDVXUHV KHUH
KDYH EHHQ SURSRVHG WR LPSURYH DQG UHSUHVHQW WKH YDULRXV DFWLYLWLHV XQGHUWDNHQ WR HQOLJKWHQ DQG
HGXFDWH DOO VHFWRUV RI VRFLHW\ RQ HQYLURQPHQW DQG IDFLOLWDWH H[FKDQJH RI LQIRUPDWLRQ RQ
HQYLURQPHQW LVVXHV DQG IRVWHU JUHDWHU DZDUHQHVV RQ HQYLURQPHQWDO DQG ZDWHU FRQVHUYDWLRQ E\
KLJKOLJKWLQJ WKH XUJHQF\ DQG PDJQLWXGH RI HQYLURQPHQWDO LVVXHV IDFLQJ PRGHUQ VRFLHWLHV�,Q YLHZ RI
������ PDQKROHV FRQQHFWLQJ ���� NP RI VDQLWDU\ OLQH DQG ����NP ZDWHU SLSHOLQHV LQ %DQJDORUH
FLW\ ZKLFK IXUWKHU UXQQLQJ �� NP WR %\UDPDQJDOD UHVHUYRLU DQG VSULGLQJ QHDUO\ ���� DFUHV
,UULJDWLRQ ODQG�/DFN RI &RRUGLQDWLRQ DQG FDSDFLWDWLQJ RI WUHDWPHQW SODQWV OHG ORWV RI EDFWHULDO ORDG
FUHDWHG SXEOLF KHDOWK SUREOHPV �7KHUIRUH LQ WKH SUHVHQW ZRUN WR LGHQWLI\ WKH SUREOHPV DQG SURIHVVHG
WKH UHPHGLDO PHDVXUHV WR SUHYHQW WKH IXUWKHU VSDUHG WKH EDFWHULDO FRQWDPLQDWLRQ� 7KH UHVXOWV DUH
GLVFXVVHG�ZLWK�UHFHQW�GHYHORSPHQWV

35(6(17$7,21�7<3(��25$/
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%DQJDORUH�8QLYHUVLW\��,QGLD

%DQJDORUH�8QLYHUVLW\��,QGLD
�
.(<:25'6��(19,5210(17$/�32//87,21��3+<6,&2�&+(0,&$/�3$5$0(7(56��+($9<0(7$/6

0RQLWRULQJ DQG DVVHVVPHQW RI IUHVK ZDWHU KDV EHFRPH DQHQYLURQPHQWDO FRQFHUQ GXH WR WKH
FRQWDPLQDWLRQ E\ KXPDQ NLQG� WKHUHE\GHFUHDVLQJ WKH VXLWDELOLW\ RI WKH IUHVK ZDWHU� 7KH /HQWLF
ZDWHUERGLHV RI &KHOODJKDWWD 9DOOH\� %DQJDORUH &LW\� .DUQDWDND� ,QGLD�ZKLFK LQFOXGH 6RXOHNHUH�
.DLNRQGDKDOOL� .DVDYDQDKDOOL� +DUDOXU� .XGOX DQG 3DUDSSDQD$JUDKDUD ODNH LV WKHVWXG\ DUHD RI WKH
SUHVHQW LQYHVWLJDWLRQ�7KHVH ZDWHUERGLHV ZHUH VHOHFWHG RQ WKH EDVLV RI WKHLU FXUUHQW XVH DQG
ORFDWLRQ 6RXOHNHUH� .DLNRQGDKDOOL� .DVDYDQDKDOOL� +DUDOXU ODNH VHUYHV WKH SXUSRVH RI VXSSO\LQJ
GRPHVWLF ZDWHU DQG LV ORFDWHG DW KLJKHU DOWLWXGH RI WKH FLW\ VXUURXQGHG E\ DJULFXOWXUDO DQG IRUHVW
ODQG ZKLOH .XGOX DQG 3DUDSSDQD$JUDKDUD ODNH ZHUH VLWXDWHG DW ORZHU DOWLWXGH� UHFHLYLQJ DQ LQIOX[ RI
SROOXWDQWV IURP GRPHVWLF DQG LQGXVWULDO VHZDJH DQG UXQRIIV� 7KH VWXG\ ZDV FDUULHG RXWWR
XQGHUVWDQG WKH YDULRXV SK\VLFR�FKHPLFDO SDUDPHWHUV DV ZHOO DV WR HVWLPDWHWKH FRQFHQWUDWLRQ RI
KHDY\ PHWDOV LQ ODNH ZDWHU� ,W ZDV IRXQG WKDW WKHFRQFHQWUDWLRQ RI WKH KHDY\ PHWDOV LQ WKH ODNH ZDWHU
VXEVWDQWLDOO\ LQFUHDVHG DIWHUWKH UHOLJLRXV DFWLYLWLHV DURXQG 6HSWHPEHU WR 2FWREHU� 7KHVH KHDY\
PHWDOV KDYHD PDUNHG HIIHFW RQ WKH DTXDWLF IORUD DQG IDXQD ZKLFK WKURXJK ELR�PDJQLILFDWLRQHQWHU
WKH�IRRG�FKDLQ�DQG�XOWLPDWHO\�DIIHFW�KXPDQ�EHLQJV�DV�ZHOO�

35(6(17$7,21�7<3(��25$/
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0ROHFXODU�0LFURELRORJ\�/DERUDWRU\��'HSDUWPHQW�RI�%LRWHFKQRORJ\��0RKDQODO�6XNKDGLD�8QLYHUVLW\��8GDLSXU�
5DMDVWKDQ��,QGLD

0ROHFXODU�0LFURELRORJ\�/DERUDWRU\��'HSDUWPHQW�RI�%LRWHFKQRORJ\��0RKDQODO�6XNKDGLD�8QLYHUVLW\��8GDLSXU�
5DMDVWKDQ��,QGLD
�
.(<:25'6��75$16)250$7,21��)$7(+6$*$5��%,25(0(',$7,21

)DWHK 6DJDU /DNH LV WKH VHFRQG DUWLILFLDO ODNH RI 8GDLSXU� 5DMDVWKDQ� ,QGLD� ,W LV RQH RI WKH PDMRU
VRXUFHV RI GULQNLQJ ZDWHU WR WKH FLW\ RI 8GDLSXUZKLFK LV LQFUHDVLQJO\ EHLQJ FRQWDPLQDWHG ZLWK KHDY\
PHWDOV�+HDY\ PHWDOV DUH LQWURGXFHG LQWR WKH DTXDWLF V\VWHP DV D UHVXOW RI YDULRXV KXPDQ DFWLYLWLHV
OLNH PLQLQJ� VPHOWLQJ� SURFHVVLQJ� UHOHDVH RI LQGXVWULDO HIIOXHQWV DQG GRPHVWLF ZDVWH ZDWHU� 7KH
LPSDFWV RI KHDY\ PHWDO SROOXWLRQ RQ OLYLQJ RUJDQLVPV DUH YHU\ VHULRXV� +HDY\ PHWDOV DUH ELR�
DFFXPXODWLYH� WR[LF DW KLJK FRQFHQWUDWLRQV� KDYH QHXURORJLFDO LPSDFWV� DQG VRPH DUH FDUFLQRJHQLF�
7KH SUHVHQW VWXG\ ZDV DLPHG WR GHWHUPLQH KHDY\ PHWDO WROHUDQFH LQ 3VHXGRPRQDV DQG WR WUDQVIHU
WKH KHDY\ PHWDO WROHUDQFH JHQHV SUHVHQW RQ SODVPLG '1$ WR SUHYLRXVO\ LVRODWHG DQG LGHQWLILHG
KHDY\ PHWDO VHQVLWLYH EDFWHULD� 3VHXGRPRQDV EDFWHULD LVRODWHG IURP KHDY\ PHWDO FRQWDPLQDWHG VRLO
RI =DZDU H[KLELWHG H[WUHPHO\ KLJK UHVLVWDQFH WR =Q62���+�2� 3E�12��� DQG 1L&O���+�2 ZLWK
0,& YDOXH RI ��P0� �P0� �P0 UHVSHFWLYHO\� 7KH SODVPLG '1$ IURP 3VHXGRPRQDV VWUDLQ ZDV
LVRODWHG DQG WUDQVIRUPHG LQWR SUHYLRXVO\ LVRODWHG DQG LGHQWLILHG KHDY\ PHWDO VHQVLWLYH (� FROL
LVRODWHG IURP IUHVK ZDWHU ODNH )DWHKVDJDU RI 8GDLSXU� �5DMDVWKDQ� ,QGLD� $IWHU WKH WUDQVIRUPDWLRQ
WKH VHQVLWLYH (� FROL JHW KHDY\ PHWDO WROHUDQW� 7KLV KHDY\ PHWDO WROHUDQFH FDSDFLW\ ZDV IXUWKHU
FRQILUPHG E\ UHFRYHULQJ WKH SODVPLG IURP (� FROL� 7KHVH WUDQVIRUPHG (� FROL VWUDLQV FRXOG EH
H[SORLWHG�IRU�WKH�ELRUHPHGLDWLRQ�RI�KHDY\�PHWDO�SROOXWHG�HQYLURQPHQW�

35(6(17$7,21�7<3(��25$/
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0ROHFXODU�0LFURELRORJ\�/DERUDWRU\��'HSDUWPHQW�RI�%LRWHFKQRORJ\��0RKDQODO�6XNKDGLD�8QLYHUVLW\��8GDLSXU�
5DMDVWKDQ��,QGLD

0ROHFXODU�0LFURELRORJ\�/DERUDWRU\��'HSDUWPHQW�RI�%LRWHFKQRORJ\��0RKDQODO�6XNKDGLD�8QLYHUVLW\��8GDLSXU�
5DMDVWKDQ��,QGLD

�
�
.(<:25'6��3+<6,&2&+(0,&$/��3,&++2/$�/$.(��32//87,21

8GDLSXU GXH WR LWV XQLTXH DQG EHDXWLIXO ODNH V\VWHP KDV DQ H[FHSWLRQDO LPSRUWDQFH DW QDWLRQDO DQG
LQWHUQDWLRQDO OHYHO� 7KHVH ZDWHU ERGLHV� ZKLFK RQFH FRQVLGHUHG DV GLYLQH VRXUFH RI ZDWHU� DUH QRZ
LQFUHDVLQJO\ EHLQJ DEXVHG DQG VHYHUHO\ SROOXWHG ZKLFK LV RQH RI WKH PDMRU FRQFHUQV WR
HQYLURQPHQWDOLVWV� 0RQLWRULQJ ZDWHU TXDOLW\ LV RI VLJQLILFDQW YDOXH LQ GHWHUPLQLQJ WKH SRWDELOLW\ RI
ZDWHU� ,Q WKH SUHVHQW VWXG\ DQ DWWHPSW KDV EHHQ PDGH WR VWXG\ WKH ZDWHU TXDOLW\ RI ODNH 3LFKKROD RI
8GDLSXU �5DMDVWKDQ�� ,QGLD IRU � \HDUV ± ���� DQG ����� :DWHU VDPSOHV ZHUH FROOHFWHG GXULQJ
GLIIHUHQW VHDVRQV OLNH ZLQWHU� VXPPHU DQG PRQVRRQ IRU DQDO\VLV RI VHYHQ SK\VLFRFKHPLFDO
SDUDPHWHUV S+� 7HPSHUDWXUH� WRWDO DONDOLQLW\� WRWDO KDUGQHVV� GLVVROYHG R[\JHQ� %2' DQG &2'� ,Q
DGGLWLRQ� WKH EDFWHULRORJLFDO SDUDPHWHUV OLNH WRWDO EDFWHULDO FRXQW DQG WRWDO FROLIRUP FRXQW ZHUH DOVR
GHWHFWHG ZKLFK DUH LQGLFDWRU RUJDQLVPV RI SROOXWLRQ VWXGLHV� 7RWDO EDFWHULDO FRXQWV ZHUH IRXQG LQ WKH
UDQJH RI ����î��� WR ��î���FIX�PO� 7KH UDQJH RI 031 ZDV IRXQG EHWZHHQ ��� WR �������� PO IRU
WRWDO FROLIRUP FRXQWV� /DNHV RI 8GDLSXU DUH WKH PDMRU VRXUFH RI GULQNLQJ ZDWHU RI WKH FLW\ DQG VWXG\
RI ZDWHU TXDOLW\ LV RI VLJQLILFDQW YDOXH LQ GHWHUPLQLQJ WKH SRWDELOLW\ RI WKH ODNH ZDWHU� 7KHUHIRUH WKH
ZDWHU TXDOLW\ RI ODNH 3LFKKROD RI 8GDLSXU LV WDNHQ LQWR DFFRXQW WR DVFHUWDLQ WKH GULQNLQJ ZDWHU
VXSSO\ LQ 8GDLSXU FLW\ DQG LW ZDV IRXQG WKDW ODNH ZDWHU LV SROOXWHG ZLWK UHIHUHQFH WR WKHVH DQDO\]HG
SDUDPHWHUV� DV PDQ\ RI WKHVH SDUDPHWHUV ZHUH IRXQG DERYH WKH SHUPLVVLEOH OLPLWV IRU GULQNLQJ
ZDWHU� 2XWSXW RI WKLV VWXG\ ZLOO EH KHOSIXO IRU VXJJHVWLRQ WR UHVSRQVLEOH DXWKRULW\� UHJDUGLQJ
REMHFWLRQDEOH�ILQGLQJV�RI�ZDWHU�SDUDPHWHUV�

35(6(17$7,21�7<3(��25$/
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$IULFDQ�8QLRQ���8QLWHG�1DWLRQV�0LVVLRQ�LQ�'DUIXU��81$0,'���6XGDQ�
�
.(<:25'6��6&(1$5,26��081,&,3$/�62/,'�:$67(��+80$1�(;&5(7$

/DNH 9LFWRULD� WKH ODUJHVW $IULFDQ ODNH� VXSSRUWV OLYHOLKRRGV RI �� PLOOLRQ SHRSOH� 7KH ODNH¶V ZDWHU
TXDOLW\ LV WKUHDWHQHG E\ XUEDQ SROOXWLRQ� 7KLV VWXG\ DVVHVVHG WKH RUJDQLF ORDGV WR /DNH 9LFWRULD¶V
LQVKRUH IRU VL[ FLWLHV� DQG HYDOXDWHG SODXVLEOH VFHQDULRV WR UHGXFH WKHVH ORDGV� $ ER[ PRGHO ZDV
GHYHORSHG� WHVWHG� FDOLEUDWHG� YDOLGDWHG DQG DSSOLHG WR DVVHVV WKH FXUUHQW RUJDQLF ORDGV IRU HDFK
FLW\� DQG KRZ HDFK VFHQDULR SHUIRUPHG LQ UHGXFLQJ WKHVH ORDGV� 7KH VFHQDULRV DUH HYDOXDWHG IRU
VSHFLILF ORFDO FRQGLWLRQV LQ HDFK FLW\� 7KH DQQXDO ILYH�GD\ ELRORJLFDO R[\JHQ GHPDQG� WRWDO QLWURJHQ
DQG WRWDO SKRVSKRUXV ORDGV WR WKH ODNH¶V LQVKRUH E\ ���� DPRXQWHG WR DERXW ��NW� �NW DQG �NW�
UHVSHFWLYHO\� .LVXPX KDG WKH KLJKHVW RUJDQLF ORDGV� IROORZHG E\ .DPSDOD� 0ZDQ]D� 0XVRPD�
%XNRED DQG -LQMD� %DVHG RQ H[SHUWV¶ VFRUHV DQG PRGHO RXWSXWV� WKH FRPSRVWLQJ VFHQDULR DQG WKH
VFHQDULR PL[LQJ GLYHUVH ORFDO RUJDQLF ZDVWH WUHDWPHQW RSWLRQV SHUIRUPHG EHVW LQ UHGXFLQJ RUJDQLF
ORDGV�WR�WKH�ODNH¶V�LQVKRUH��6HQVLWLYLW\�DQDO\VLV�VKRZHG�WKDW�WKHVH�RXWFRPHV�DUH�UREXVW�

35(6(17$7,21�7<3(��25$/
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0ROHFXODU�0LFURELRORJ\�/DERUDWRU\��'HSDUWPHQW�RI�%LRWHFKQRORJ\��0RKDQODO�6XNKDGLD�8QLYHUVLW\��8GDLSXU�
5DMDVWKDQ��,QGLD

0ROHFXODU�0LFURELRORJ\�/DERUDWRU\��'HSDUWPHQW�RI�%LRWHFKQRORJ\��0RKDQODO�6XNKDGLD�8QLYHUVLW\��8GDLSXU�
5DMDVWKDQ��,QGLD

'HSDUWPHQW�RI�%RWDQ\��&ROOHJH�RI�6FLHQFH��0RKDQODO�6XNKDGLD�8QLYHUVLW\��8GDLSXU��5DMDVWKDQ��,QGLD
�
.(<:25'6��$(52021$6��3,&+2/$�/$.(��$17,%$&7(5,$/

:DWHU PLFURELRORJ\ LV FRQFHUQHG ZLWK WKH PLFURRUJDQLVPV WKDW OLYH LQ ZDWHU� RU WKH\ FDQ EH
WUDQVSRUWHG IURP RQH KDELWDW WR DQRWKHU E\ ZDWHU� :DWHU PD\ KDUERXU PDQ\ SDWKRJHQLF EDFWHULD�
YLUXVHV� SURWR]RD DQG SDUDVLWHV UHVSRQVLEOH IRU WKH HPHUJLQJ PRVW ZLGHVSUHDG LQIHFWLRQV ZKLFK DUH
OHDGLQJ FDXVH RI GHDWK ZRUOGZLGH� $HURPDRQDV YHURQLL LV FRPPRQO\ IRXQG LQ IUHVKZDWHU V\VWHPV�
$HURPRQDV LV JUDP QHJDWLYH� IDFXOWDWLYH DQDHUREHV ZKLFK FDXVHV DHURPRQDVLV LQ KXPDQV DQG DUH
DOVR SDWKRJHQLF IRU DTXDWLF DQG WHUUHVWULDO DQLPDOV� 3LFKROD ODNH LV RQH RI WKH PRVW EHDXWLIXO ODNH RI
5DMDVWKDQ� ,QGLD� ,W LV DQ LPSRUWDQW VRXUFH RI SRWDEOH ZDWHU VXSSO\ IRU WKH FLW\� ,Q WKH SUHVHQW VWXG\�
DQ DWWHPSW KDV EHHQ PDGH WR LVRODWH WKH ODFWREDFLOOL IURP FDPHO PLON DQG GHWHFW WKH DQWLEDFWHULDO
DFWLYLW\ RI ODFWREDFLOOL DJDLQVW SUHYLRXVO\ LVRODWHG DQG LGHQWLILHG $HURPRQDV YHURQLL IURP ODNH
3LFKKROD� $ WRWDO RI �� ODFWREDFLOOL ZHUH LVRODWHG DQG VXEMHFWHG WR DJDU ZHOO DVVD\ IRU GHWHFWLRQ RI
DQWLEDFWHULDO DFWLYLW\� 2XW RI WKHP� � LVRODWHV VKRZHG GHPRQVWUDEOH DQWLEDFWHULDO DFWLYLW\ DJDLQVW
$HURPRQDV YHURQLL� 2Q WKH EDVLV RI ELRFKHPLFDO DQG PROHFXODU FKDUDFWHULVWLFV WKHVH WZR LVRODWHV
ZHUH LGHQWLILHG DV /DFWREDFLOOXV IHUPHQWXP &08 �� DQG /DFWREDFLOOXV UKDPQRVXV &08 ��� )XUWKHU
LQYHVWLJDWLRQ PD\ UHYHDO WKDW WKHVH ODFWREDFLOOL LVRODWHV FRXOG EH XVHG DV SRWHQWLDO SURELRWLFV IRU
DTXDFXOWXUH�DQG�WR�PDQDJH�DHURPRQDVLV�

35(6(17$7,21�7<3(��25$/
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8QLYHUVLW\�RI�1DLUREL��1DLUREL��.HQ\D

8QLYHUVLW\�RI�1DLUREL��1DLUREL��.HQ\D�

7HFKQLFDO�8QLYHUVLW\�RI�.HQ\D��1DLUREL��.HQ\D

(QYLURQPHQWDO�3URWHFWLRQ�$XWKRULW\��5DQFKHULD�9DOOH\��&DOLIRUQLD��8�6�$�
�
.(<:25'6��%,262537,21��:$7(5�+<$&,17+��(��&5$66,3(6����+($9<�0(7$/�,216

7KH ELRVRUSWLRQ FKDUDFWHULVWLFV RI =Q �,,� LRQV ZHUH LQYHVWLJDWHG� ([SHULPHQWDO SDUDPHWHUV DIIHFWLQJ
WKH ELRVRUSWLRQ SURFHVV VXFK DV S+� FRQWDFW WLPH� ELRPDVV GRVDJH� LQLWLDO PHWDO LRQ FRQFHQWUDWLRQ�
DQG WHPSHUDWXUH ZHUH VWXGLHG LQ EDWFK DGVRUSWLRQ H[SHULPHQWV� /DQJPXLU DQG )UHXQGOLFK LVRWKHUP
PRGHOV ZHUH DSSOLHG WR WKH DGVRUSWLRQ GDWD �7KH ELRVRUSWLRQ FDSDFLW\ IRU (� FUDVLSSHV ZDV IRXQG WR
EH ����� PJ J��� 7KH GDWD ZDV DOVR VXEMHFWHG WR SVHXGR�ILUVW�RUGHU DQG WKH SVHXGR�VHFRQG�RUGHU
NLQHWLF�PRGHOV�

35(6(17$7,21�7<3(��25$/
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6XNHQ�,QWHUQDWLRQDO�/LPLWHG��.HQ\D
�
.(<:25'6��:$7(5�48$/,7<��0$1$*(0(17��1$785$/�385,),&$7,21

6WXG\ VKRZV WKDW GHVSLWH VXFFHVV VWRULHV RI SROOXWLRQ FRQWURO LQ PDQ\ GHYHORSLQJ FRXQWULHV� PRUH
WKDQ �� ��� SHRSOH VWLOO GLH HYHU\ GD\ DV D UHVXOW RI SRRU ZDWHU TXDOLW\ DWWULEXWHG WR SROOXWLRQ DQG
PRUH WKDQ ��� 0LOOLRQ SHRSOH LQ WKH ZRUOG VWLOO ODFN DFFHVV WR VDIH GULQNLQJ ZDWHU � 7KH SUREOHP RI
ZDWHU SROOXWLRQ DQG TXDOLW\ GHJUDGDWLRQ LQ WKHVH FRXQWULHV LV LQFUHDVLQJO\ EHFRPLQJ D WKUHDW WR
KXPDQ KHDOWK� ,Q .HQ\D IRU LQVWDQFH� &XUUHQW DFKLHYHPHQWV DUH KLJKO\ DWWULEXWDEOH WR WKH 6\QHUJ\
SURGXFHG E\ FROODERUDWLYH IRUFHV QDPHO\� /HJDO QRUPV� 6HOI UHJXODWLRQV E\ LQGLYLGXDO ,QGXVWULHV DQG
3XEOLF LQLWLDWLYH� 'HVSLWH WKHVH HIIRUWV� DQG HYHQ ZLWK WKH HVWDEOLVKPHQW RI 1DWLRQDO :DWHU 4XDOLW\
0DQDJHPHQW 6WUDWHJ\ ����� � ������ PXFK KDV QRW LPSURYHG LQ WKH ZDWHU TXDOLW\ FRPSDUHG WR
ZDWHU TXDQWLW\� :LWK D SRSXODWLRQ RI DERXW �� PLOOLRQ DQG DQ DQQXDO ZDWHU DYDLODELOLW\ EHLQJ
HVWLPDWHG WR EH DERXW ���0� SHU FDSLWD RI ZDWHU � RI ZKLFK D GURS RI XSWR� DERXW ���0� SHU FDSLWD
LV H[SHFWHG E\ ���� ZKHQ WKH H[SHFWHG SRSXODWLRQ JURZWK LV HVWLPDWHG DW �� PLOOLRQ� .HQ\D IDFHV
HQRUPRXV FKDOOHQJHV LQ PDQDJLQJ SROOXWLRQ PHQDFH RQ LWV OLPLWHG ZDWHU TXDOLW\� $ ³6XVWDLQDEOH
LQWHJUDWHG ZDWHU SROOXWLRQ PDQDJHPHQW DSSURDFK LV WKXV FULWLFDO´� $V D FRQWULEXWRU\� WKLV VWXG\
SURSRVHV�WR�H[SORUH�VXVWDLQDEOH�LQYHVWPHQW�LQ�QDWXUDO�SXULILFDWLRQ�RSWLRQV�

35(6(17$7,21�7<3(��25$/
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7KH�*RXODQGULV�1DWXUDO�+LVWRU\�0XVHXP���*UHHN�%LRWRSH�:HWODQG�&HQWUH��(.%<��7KHUPL��7KHVVDORQLNL�
*UHHFH

7KH�*RXODQGULV�1DWXUDO�+LVWRU\�0XVHXP���*UHHN�%LRWRSH�:HWODQG�&HQWUH��(.%<���7KHUPL��7KHVVDORQLNL�
*UHHFH

7KH�*RXODQGULV�1DWXUDO�+LVWRU\�0XVHXP���*UHHN�%LRWRSH�:HWODQG�&HQWUH��(.%<���7KHUPL��7KHVVDORQLNL�
*UHHFH

7KH�*RXODQGULV�1DWXUDO�+LVWRU\�0XVHXP���*UHHN�%LRWRSH�:HWODQG�&HQWUH��(.%<���7KHUPL��7KHVVDORQLNL�
*UHHFH

7KH�*RXODQGULV�1DWXUDO�+LVWRU\�0XVHXP���*UHHN�%LRWRSH�:HWODQG�&HQWUH��(.%<���7KHUPL��7KHVVDORQLNL�
*UHHFH

7KH�*RXODQGULV�1DWXUDO�+LVWRU\�0XVHXP���*$,$�&HQWUH��.LILVVLD��$WKHQV��*UHHFH

7KH�*RXODQGULV�1DWXUDO�+LVWRU\�0XVHXP���*UHHN�%LRWRSH�:HWODQG�&HQWUH��(.%<���7KHUPL��7KHVVDORQLNL�
*UHHFH
�
.(<:25'6��021,725,1*��/$.(6��:$7(5�)5$0(:25.�',5(&7,9(

7KH :DWHU )UDPHZRUN 'LUHFWLYH �:)'� IRUHVHHV WKH RSHUDWLRQ RI PRQLWRULQJ SURJUDPPHV IRU
VXUIDFH ZDWHUV DQG JURXQGZDWHU LQ RUGHU WR DVVHVV WKHLU HFRORJLFDO DQG FKHPLFDO VWDWXV �DUWLFOH ���
,Q *UHHFH WKH PRQLWRULQJ QHWZRUN DFFRUGLQJ WR WKH UHTXLUHPHQWV RI WKH :)' KDV EHHQ HVWDEOLVKHG
LQ ODWH ���� �2IILFLDO *D]HWWH �����%� ����������� DQG PDGH RSHUDWLRQDO LQ ����� 7KH *UHHN
%LRWRSH � :HWODQG &HQWUH PRQLWRUV ZDWHU TXDOLW\ DQG TXDQWLW\ RI ODNH ZDWHU ERGLHV� ,Q SDUWLFXODU� LQ
VLWX PHDVXUHPHQWV� VDPSOLQJ DQG DQDO\VLV RI ELRORJLFDO� SK\VLFR�FKHPLFDO� DQG K\GURPRUSKRORJLFDO
TXDOLW\ HOHPHQWV DUH XQGHUWDNHQ LQ �� QDWXUDO ODNHV DQG �� UHVHUYRLUV VLQFH VSULQJ ����� )LIW\ WKUHH
���� VDPSOLQJ VWDWLRQV KDYH EHHQ HVWDEOLVKHG� �� RI ZKLFK FRUUHVSRQG WR VXUYHLOODQFH PRQLWRULQJ
SURJUDPPHV DQG �� WR RSHUDWLRQDO PRQLWRULQJ SURJUDPPHV� 7KLV VWXG\ DLPV WRZDUGV L� D EULHI
RYHUYLHZ RI WKH QDWLRQDO PRQLWRULQJ QHWZRUN RI *UHHN ODNH ZDWHU ERGLHV DQG LL� WKH SUHVHQWDWLRQ RI
WKH ILUVW UHVXOWV SURGXFHG GXULQJ ���� DQG ����� 7KH GDWDVHW FRYHUV D JUDGLHQW RI HXWURSKLFDWLRQ�
ZKLFK VHHPV WR EH WKH PDLQ DQWKURSRJHQLF SUHVVXUH LQ *UHHFH DQG WKH PRVW ZLGHVSUHDG
DQWKURSRJHQLF SUHVVXUH RQ ODNHV DFURVV (XURSH� 7KH FXUUHQW PRQLWRULQJ QHWZRUN SURYLGHV D XVHIXO
VWDUW LQ HVWDEOLVKLQJ EDVHOLQH GDWD WKDW ZLOO DOORZ WKH DVVHVVPHQW RI HFRORJLFDO VWDWXV DQG WUHQGV RI
*UHHN�ODNHV�
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8QLYHUVLWL�6DLQV�0DOD\VLD��0DOD\VLD

(FRORJ\�&HQWUH�RI�WKH�&DVSLDQ�6HD��(FRORJ\�'HSDUWPHQW��,UDQ

$ VWXG\ RQ WKH VSDWLR�WHPSRUDO YDULDWLRQ RI SK\WRSODQNWRQ FRPSRVLWLRQ DQG SK\VLFR�FKHPLFDO
SDUDPHWHUV RI 0HQJNXDQJ 5HVHUYRLU ZDV FRQGXFWHG IURP $XJXVW ���� WR -XO\ ����� 6DPSOHV ZHUH
FROOHFWHG PRQWKO\ DW QLQH VDPSOLQJ VWDWLRQV ORFDWHG DW WKH OLWWRUDO DQG OLPQHWLF ]RQHV RI WKH
UHVHUYRLU� 7KLV VWXG\ DVVHVVHG ZDWHU TXDOLW\ RI 0HQJNXDQJ 5HVHUYRLU E\ LWV WURSKLF VWDWXV
DFFRUGLQJ WR D PRGLILHG &DUOVRQ WURSKLF ,QGH[ �&076,�� DQG E\ LWV ELRORJLFDO SDUDPHWHUV XVLQJ
6KDQQRQ�:LHQHU GLYHUVLW\ LQGH[ �+¶� DQG VDSURELF LQGH[ RI SK\WRSODQNWRQ SRSXODWLRQ� 6HDVRQDO
YDULDWLRQ ZDV REVHUYHG LQ HOHFWULFDO FRQGXFWLYLW\ �(&�� WRWDO VXVSHQGHG VROLGV �766�� WRWDO GLVVROYHG
VROLGV �7'6�� WUDQVSDUHQF\ GHSWK� QLWUDWH� JURVV SULPDU\ SURGXFWLRQ� DQG SK\WRSODQNWRQ DEXQGDQFH
ZKLFK ZHUH KLJKHU LQ UDLQ\ VHDVRQ� &DUOVRQ PRGLILHG WURSKLF VWDWH LQGH[ VKRZHG WKDW WKH UHVHUYRLU
ZDV PHVRWURSKLF EDVHG RQ FKORURSK\OO D DQG WUDQVSDUHQF\ GHSWK� ZKLOH EDVHG RQ QXWULHQWV LW ZDV
ROLJRWURSKLF� 6KDQQRQ�:LHQHU¶V DQG VDSURELF LQGLFHV VKRZHG WKDW WKH UHVHUYRLU ZDV LQ &ODVV ,,,
�VOLJKWO\ SROOXWHG� DQG &ODVV ,,,� �PRGHUDWHO\ SROOXWHG�� 7KLV VWXG\ DOVR UHFRUGHG WKH SUHVHQFH RI
FHUWDLQ VSHFLHV RI F\DQREDFWHULD� ZKLFK DUH LQGLFDWRUV RI WR[LF DQG SROOXWHG FRQGLWLRQV LQ DTXDWLF
HFRV\VWHPV� 7KLV VWXG\ WKHUHIRUH VKRZHG WKH LPSRUWDQFH RI ELRORJLFDO DVVHVVPHQWV LQ GHWHUPLQLQJ
WKH�TXDOLW\�RI�ZDWHU�ERGLHV�
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8QLYHUVLW\�RI�6]F]HFLQ��3RODQG�

8QLYHUVLW\�RI�6]F]HFLQ��3RODQG

8QLYHUVLW\�RI�6]F]HFLQ��3RODQG
�
.(<:25'6��=223/$1.721��%,2021,725,1*��7523+,&�67$7(

7KH VXEXUEDQ ODNHV DUH XQGHU VWURQJHU DQWKURSR�SUHVVXUH WKDQ WKH ODNHV ORFDOLVHG IDU IURP WKH
DJJORPHUDWLRQV DQG WKHLU VWDWXV VKRXOG EH FDUHIXOO\ FRQWUROOHG� +LWKHUWR WKH TXDOLW\ RI ZDWHU LQ
QDWXUDO ZDWHU UHVHUYRLUV KDV EHHQ PDLQO\ HYDOXDWHG RQ WKH EDVLV RI SK\VLFR�FKHPLFDO SDUDPHWHUV�
KRZHYHU� WKHLU LQGLFDWLRQV KDYH EHHQ IRXQG XQUHOLDEOH� 5HFHQWO\� GLIIHUHQW LQGLFDWRUV KDYH EHHQ
SURSRVHG IRU ZDWHU TXDOLW\ HYDOXDWLRQ� ]RRSODQNWRQ LQFOXGHG� 7KH TXDQWLWDWLYH DQG TXDOLWDWLYH
FRPSRVLWLRQ RI ]RRSODQNWRQ LV DIIHFWHG E\ ZDWHU FKHPLVWU\� ODNH PRUSKRORJ\ DQG E\ DQWKURSRJHQLF
FKDQJHV LQ WKH GUDLQDJH EDVLQ� 7KH YDOXH RI ]RRSODQNWRQ DV DQ LQGLFDWRU RULJLQDWHV IURP WKHLU
SRVLWLRQ LQ WKH IRRG ZHE� LQVHUWHG EHWZHHQ WKH WRS�GRZQ UHJXODWRUV DQG ERWWRP�XS IRUFHV� 'HVSLWH
EHLQJ DQ LPSRUWDQW DQG LQWHJUDWHG SDUW RI WKH SHODJLF IRRG ZHE � ]RRSODQNWRQ LV RPLWWHG LQ
HFRORJLFDO VWDWXV FODVVLILFDWLRQ DFFRUGLQJ WR (XURSHDQ :DWHU )UDPHZRUN 'LUHFWLYH� 7KH DLP RI WKLV
VWXG\ ZDV WR GHWHUPLQH WKH WURSKLF VWDWH RI ILYH PHURPLFWLF ODNHV LQ 1: 3RODQG DPRQJ RQH
FDWFKPHQW DUHD� 7KH DVVHVVPHQWV RI WKH ODNHV¶ HFRV\VWHPV ZHUH FRQGXFWHG E\ (MVPRQW�.DUDELQ
������� DQG (MVPRQW�.DUDELQ 	 .DUDELQ ������ 7URSKLF 6WDWH ,QGH[� EDVHG RQ 5RWLIHU DQG
&UXVWDFHDQ� $GGLWLRQDOO\� WKH SRSXODU &DUOVRQ
V 7URSKLF 6WDWH ,QGH[6' ������ ZDV XVHG� 7KH
DQDO\VLV RI ]RRSODQNWRQ VDPSOHV GHSLFWV D YDULDWLRQ RI WKH WURSKLF VWDWXV RI WKH VWXGLHG ODNHV� 7KH
ORZHVW YDOXHV �PHVRWURSKLF� RI 7KH 7URSKLF ,QGH[ ZHUH UHIHUULQJ WR WKH ODUJHVW DQG GHHSHVW ODNHV �
H[FHSW RQH ODUJH ODNH ZKLFK ZDV GHWHUPLQHG DV HXWURSKLF� 6PDOO DQG VKDOORZ ODNHV H[KLELW WKH
SURSHUWLHV�RI�PHVR�HXWURSKLF�ZDWHU��
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8QLYHUVLW\�RI�6]F]HFLQ��3RODQG

8QLYHUVLW\�RI�6]F]HFLQ��3RODQG

8QLYHUVLW\�RI�6]F]HFLQ��3RODQG
�
.(<:25'6��=223/$1.721��60$//�'$0��6(6721

7KH LQIOXHQFH RI VPDOO GDPV RQ VPDOO ULYHUV RQ WKH ULYHU ]RRSODQNWRQ KDV EHHQ UHFRJQLVHG DV QRW
EHLQJ DV VWURQJ DV WKDW RI ODUJH GDPV LQ ODUJH ULYHUV� 1HYHUWKHOHVV� RQ WKH EDVLV RI VWXGLHV UHSRUWLQJ
WKHLU HIIHFW RQ FRPPXQLWLHV RI PDFUR�LQYHUWHEUDWHV� LFKWK\RIDXQD� SK\WRSODQNWRQ RU PDFURSK\WHV�
WKH HIIHFW RI VPDOO GDPV RQ ]RRSODQNWRQ FRPPXQLWLHV LQ D VWUHDP LV H[SHFWHG WR EH VLPLODU LQ
FKDUDFWHU� $Q DWWHPSW ZDV PDGH WR DQDO\VH WKH LQIOXHQFH RI D VPDOO GDP RQ WKH WHPSRUDO DQG
VSDWLDO SURSHUWLHV RI ]RRSODQNWRQ FRPPXQLWLHV E\ FRPSDULQJ WKH ]RRSODQNWRQ VWUXFWXUH HVWDEOLVKHG
SULRU WR WKH GDP FRQVWUXFWLRQ DQG ILYH \HDUV DIWHU LWV FRQVWUXFWLRQ� $ VPDOO GDP� VZHOOLQJ ZDWHU E\
HYHQ MXVW �P� ZDV IRXQG WR LQGXFH SURSRUWLRQDOO\ VLPLODU VSDWLDO FKDQJHV LQ ]RRSODQNWRQ
FRPPXQLWLHV DV WKRVH LQGXFHG E\ D ODUJH GDP� $IWHU D IHZ PRQWKV IURP WKH GDP¶V FRQVWUXFWLRQ�
VLJQLILFDQW FKDQJHV LQ WKH QXPEHU RI WD[D DQG ]RRSODQNWRQ GHQVLW\ ZHUH REVHUYHG� ,Q SDUWLFXODU� WKH
QXPEHU RI SODQNWRQLF URWLIHUV DQG ODUYDO VWDJHV RI FRSHSRGV FRQVLGHUDEO\ LQFUHDVHG DORQJ ZLWK WKH
GHQVLW\ RI OLWWRUDO WD[D RI URWLIHUV DQG FUXVWDFHDQV� &ODGRFHUDQV DSSHDUHG LQ WKH ZDWHUFRXUVH RQO\
DIWHU WKH FRQVWUXFWLRQ RI WKH GDP DQG WKHLU DEXQGDQFH ZDV VLJQLILFDQWO\ JUHDWHU RQO\ LQ WKH VHFRQG
\HDU DIWHU WKH FRQVWUXFWLRQ RI WKH GDP� 7KH DEXQGDQFH RI DOO JURXSV RI ]RRSODQNWRQ LQFUHDVHG LQ
VXEVHTXHQW \HDUV DIWHU WKH GDP¶V FRQVWUXFWLRQ� ,Q JHQHUDO� VPDOO GDPV ZHUH IRXQG WR KDYH D JUHDW
HIIHFW�RQ�WKH�VSDWLDO�DQG�WHPSRUDO�FKDQJHV�LQ�]RRSODQNWRQ�FRPPXQLWLHV�LQ�WKH�VWUHDP�VWXGLHG��
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6FLHQWLILF�&HQWHU�RI�=RRORJ\�DQG�+\GURHFRORJ\��1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�$UPHQLD��1$6�5$��
$UPHQLD

6FLHQWLILF�&HQWHU�RI�=RRORJ\�DQG�+\GURHFRORJ\��1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�$UPHQLD��1$6�5$��
$UPHQLD

6FLHQWLILF�&HQWHU�RI�=RRORJ\�DQG�+\GURHFRORJ\��1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�$UPHQLD��1$6�5$��
$UPHQLD
�
.(<:25'6��60$/�+<'5232:(5�3/$17��())(&76��+<'52%,2176

7KH $UJLFKL ULYHU� D WULEXWDU\ RI /DNH 6HYDQ� LV VLWXDWHG LQ WKH HDVWHUQ SDUW RI $UPHQLD� 7KH DLP RI
WKH SUHVHQW VWXG\ ZDV WR DVVHVV WKH LPSDFW RI WKH VPDOO K\GURSRZHU SODQW RQ WKH JURZWK RI DTXDWLF
RUJDQLVPV LQ WKH $UJLFKL ULYHU� +\GURELRORJLFDO� K\GURSK\VLFDO DQG K\GURORJLFDO VWXGLHV ZHUH
LPSOHPHQWHG LQ WKH $UJLFKL ULYHU LQ 2FWREHU�'HFHPEHU ����� 2EVHUYDWLRQV� PHDVXUHPHQWV DQG
VDPSOLQJV ZHUH GRQH LQ WKH VLWHV VLWXDWHG EHIRUH DQG DIWHU WKH VPDOO K\GURSRZHU SODQW ORFDWHG RQ
WKH ULYHU� +\GURORJLFDO VWXGLHV LQ 2FWREHU DQG 1RYHPEHU VKRZHG WKDW DFFRUGLQJ WR WKH REVHUYDWLRQ
VLWHV VLWXDWHG EHIRUH DQG DIWHU WKH VPDOO K\GURSRZHU SODQW� WKH YHORFLW\ RI WKH $UJLFKL ULYHU
GHFUHDVHG VLJQLILFDQWO\� DQG WKH ZDWHU WHPSHUDWXUH RI WKH ULYHU LQFUHDVHG� 7KH K\GURELRORJLFDO
VWXGLHV LQ 2FWREHU DQG 1RYHPEHU VKRZHG WKDW DFFRUGLQJ WR WKH $UJLFKL ULYHU REVHUYDWLRQ VLWHV
VLWXDWHG EHIRUH DQG DIWHU WKH K\GURSRZHU SODQW� D GHFUHDVH LQ WKH TXDQWLWDWLYH DQG TXDOLWDWLYH
SDUDPHWHUV RI PDFUR]RREHQWKRV DQG D UHGXFWLRQ LQ WKH TXDQWLW\ DQG WKH VSHFLHV FRPSRVLWLRQ RI
ILVKHV ZHUH UHJLVWHUHG ZKLFK PD\ KDYH EHHQ FRQGLWLRQHG E\ FKDQJHV LQ WKH K\GURORJLFDO DQG
K\GURSK\VLFDO UHJLPHV DV ZHOO DV WKH LPSDFW RI WKH FRQVWUXFWLRQ ZRUNV RI WKH QHZO\ EXLOW
K\GURSRZHU SODQW� 'XULQJ WKH REVHUYDWLRQV LQ 'HFHPEHU� WKH $UJLFKL ULYHU VLWH VLWXDWHG EHIRUH WKH
K\GURSRZHU SODQW ZDV IUR]HQ� ,Q WKLV FDVH� HFRORJLFDO FRQGLWLRQV IRU WKH JURZWK RI K\GURELRQWV ZHUH
PRUH�IDYRUDEOH�LQ�WKH�VLWH�VLWXDWHG�DIWHU�WKH�K\GURSRZHU�SODQW�WKDQ�LQ�WKH�IUR]HQ�VLWH�
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8QLYHUVLW\�RI�3DQQRQLD��'HSDUWPHQW�RI�/LPQRORJ\��+XQJDU\

8QLYHUVLW\�RI�3DQQRQLD��'HSDUWPHQW�RI�/LPQRORJ\��+XQJDU\

8QLYHUVLW\�RI�3DQQRQLD��'HSDUWPHQW�RI�/LPQRORJ\��+XQJDU\

07$�&HQWUH�IRU�(FRORJLFDO�5HVHDUFK��%DODWRQ�/LPQRORJLFDO�,QVWLWXWH��+XQJDU\

8QLYHUVLW\�RI�3DQQRQLD��'HSDUWPHQW�RI�/LPQRORJ\��+XQJDU\
�
.(<:25'6��0,&5218&/(86�7(67��6,1$12'217$�:22',$1$��*(1272;,&�327(17,$/�(9$/8$7,21

6WDQGDUG EDFWHULDO ELRDVVD\V DUH DYDLODEOH IRU JHQRWR[LFLW\ WHVWLQJ� VXFK DV WKH 626�&KURPRWHVW��
RU $0(6 WHVW� 7KH\ DUH XVLQJ SURNDU\RWHV DQG WKH HQG SRLQW LV SRLQW PXWDWLRQ� 7KH PLFURQXFOHXV
�01� WHVW LV FRQGXFWHG RQ HXFDU\RWHV� GHWHFWLQJ FODVWRJHQLFLW\ DQG JHQRWR[LFLW\ LQGXFHG
PLFURQXFOHL IRUPDWLRQ DV WKH HQG SRLQW� ,Q RXU VWXG\� WKH 01 WHVWV ZDV HPSOR\HG RQ 8QLRQLGV WR
HYDOXDWH WKH JHQRWR[LF SRWHQWLDO RI VHYHUDO HQYLURQPHQWDO KHDY\ PHWDO SROOXWDQWV DQG
EHQ]R�D�S\UHQH� LQ FRPSDULVRQ WR WKH 626 FKURPRWHVW DQG WKH $PHV IOXFWXDWLRQ WHVW� 7ZR 8QLRQLG
VSHFLHV ZHUH XVHG� WKH QDWLYH 8QLR SLFWRUXP DQG WKH H[RWLF� LQYDVLYH 6LQDQRGRQWD ZRRGLDQD� LQ WKLV
ZD\ WKHLU VHQVLWLYLW\ FRXOG DOVR EH FRPSDUHG� 0XVVHO VSHFLPHQV ZHUH H[SRVHG WR D VLQJOH
DGPLQLVWUDWLRQ RI YDULRXV VXE�OHWKDO GRVHV RI FKHPLFDOV� $IWHU � GD\V RI H[SRVXUH WKH QXPEHU RI
PLFURQXFOHL LQ DJUDQXODU KDHPROLPSK FHOOV ZDV GHWHFWHG DQG GRVH�UHVSRQVH FXUYHV RI FKHPLFDOV
ZHUH GHILQHG� 7KH VHQVLWLYLWLHV RI WKH PXVVHO VSHFLHV ZHUH FRPSDUHG ZLWK WZR ZD\ IDFWRULDO
$129$� DQG WKH VHQVLWLYLW\ RI WKH PXVVHO 01 WHVW ZDV FRPSDUHG WR EDFWHULDO WR[LFLW\ DVVD\V E\ RQH�
ZD\ $129$ DQG 7XNH\ SRVW KRF WHVW� 7KH JHQRWR[LF UHVSRQVH � WULJJHUHG E\ WKH VWXGLHG
FKHPLFDOV � RI WKH WZR VSHFLHV FRUUHVSRQG WR HDFK RWKHU� 7KH VHQVLWLYLW\ RI WKH 01 WHVW LV
FRPSDUDEOH WR $PHV IOXFWXDWLRQ WHVW� DQG LQ FDVH RI WKH KHDY\ PHWDOV LV PRUH VHQVLWLYH WKDQ 626�
&KURPRWHVW�� +RZHYHU� LQ RUGHU WR REWDLQ D FRPSOH[ YLHZ RI WKH JHQRWR[LF SRWHQWLDO RI SROOXWDQWV�
WKH 01 WHVW DQG WKH $PHV WHVW DUH VXJJHVWHG WR DSSO\ LQ SDUDOOHO� UHSUHVHQWLQJ ERWK SURNDU\RWHV
DQG�HXFDU\RWHV�
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8QLYHUVLW\�RI�3DOHUPR��'HSDUWPHQW�RI�%LRORJLFDO��&KHPLFDO�DQG�3KDUPDFHXWLFDO�6FLHQFHV�DQG�7HFKQRORJLHV�
6HFWLRQ�RI�%RWDQ\�DQG�3ODQW�(FRORJ\��,WDO\

8QLYHUVLW\�RI�/
$TXLOD��'HSDUWPHQW�RI�&OLQLFDO�0HGLFLQH��3XEOLF�+HDOWK��(QYLURQPHQWDO�DQG�/LIH�6FLHQFHV��,WDO\
�
.(<:25'6��7(0325$5<�321'6��0$1$*(0(17��5(6725$7,21

7HPSRUDU\ ZDWHUV FRQWULEXWH WR UHJLRQDO GLYHUVLW\ GLVSURSRUWLRQDWHO\ FRPSDUHG WR WKH (DUWK¶V
VXUIDFH WKH\ FRYHU� 7KLV SUHVHQWDWLRQ L� GHVFULEHV WKH UHDVRQV XQGHUO\LQJ WKLV ELRORJLFDO GLYHUVLW\� LL�
DQDO\]HV WKH LPSRUWDQFH RI WHPSRUDU\ ZDWHUV DV KRWVSRWV RI ELRGLYHUVLW\� LLL� VWUHVVHV KRZ WKHVH
HFRV\VWHPV UHSUHVHQW D YDOXDEOH WRRO WR HYDOXDWH WKH LPSDFW H[HUWHG E\ KXPDQ DFWLYLWLHV RQ RXU
3ODQHW� DQG LY� FRQVLGHU WKH SRVVLELOLW\ WR H[WHQG WKH SULQFLSOHV RI WKH ,QWHJUDWHG /DNH %DVLF
0DQDJHPHQW GHYHORSHG E\ ,/(& LQ RUGHU WR DFKLHYH D VXVWDLQDEOH PDQDJHPHQW RI WKHVH
HFRV\VWHPV� 0RUHRYHU� WHPSRUDU\ ZDWHUV DUH VWURQJO\ LPSDFWHG E\ WKH FOLPDWH FKDQJH� ZKLFK
PRGLILHV WKHLU K\GURSHULRG DQG UHGXFHV WKHLU VSDWLDO GHQVLW\� :KHQ WKHVH HIIHFWV DUH FRXSOHG ZLWK
GLUHFW GHVWUXFWLRQ RSHUDWHG E\ KXPDQ DFWLYLWLHV �WKH\ DUH KDUGO\ UHFRJQL]HG DV DTXDWLF HFRV\VWHPV
ZLWK DQ H[WUDRUGLQDU\ ULFK ELRGLYHUVLW\� D ODUJH SRUWLRQ RI VSHFLHV� ZKRVH OLIH F\FOHV DUH VWULFWO\
GHSHQGHQW XSRQ WKH WHPSRUDU\ QDWXUH RI WKHVH HFRV\VWHPV� LV HQGDQJHUHG� 7R ORZHU WKH ULVN RI D
VLJQLILFDQW GHFUHDVH RI ELRORJLFDO GLYHUVLW\ RI LQODQG ZDWHUV� DQG WR VDIHJXDUG ELRGLYHUVLW\ DW
GLIIHUHQW VSDWLDO VFDOHV �H�J� ORFDO� UHJLRQDO� QDWLRQDO� D VRXQG PDQDJHPHQW RI WKH ZKROH WHUULWRU\�
DGGUHVVHG WR SUHVHUYH WKH H[LVWLQJ DQG HYHQWXDOO\ WR FUHDWH QHZ WHPSRUDU\ HFRV\VWHPV� FDQ QRW EH
IXUWKHU�GHOD\HG�
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5HJLRQDO�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��$53$���0DQWXD��,WDO\

5HJLRQDO�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��$53$���0DQWXD��,WDO\

5HJLRQDO�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��$53$���0DQWXD��,WDO\

8QLYHUVLW\�RI�0RGHQD�DQG�5HJJLR�(PLOLD��,WDO\

8QLYHUVLW\�RI�0RGHQD�DQG�5HJJLR�(PLOLD��,WDO\

8QLYHUVLW\�RI�0RGHQD�DQG�5HJJLR�(PLOLD

8QLYHUVLW\�RI�0RGHQD�DQG�5HJJLR�(PLOLD��,WDO\
�
.(<:25'6��,1'(;��0$178$�/$.(6��021,725,1*

7KH 6KRUH ]RQH )XQFWLRQDOLW\ ,QGH[ �6),�� SURSRVHG E\ WKH ,WDOLDQ ,QVWLWXWH IRU (QYLURQPHQWDO
3URWHFWLRQ DQG 5HVHDUFK �,635$� LQ ����� DVVHVVHV WKH TXDOLW\ RI ODNH VXUURXQGLQJ DUHDV
FRPSO\LQJ ZLWK WKH :DWHU )UDPHZRUN 'LUHFWLYH �:)' ��������&(�� 7KH PHWKRG HYDOXDWHV WKH
IXQFWLRQDOLW\ RI ODNH VXUURXQGLQJ DUHDV SURYLGLQJ D XVHIXO LQVWUXPHQW IRU ODQG SODQQLQJ DQG
PDQDJHPHQW� ,Q WKLV VWXG\� WKH 6), KDV EHHQ DSSOLHG WR WKUHH ODNHV QHDU WKH FLW\ RI 0DQWXD
�/RPEDUGLD� 1RUWK ,WDO\� DQG FRPSDUHG ZLWK WZR RWKHU LQGLFHV� D GLDWRPLF HXWURSKLFDWLRQ�SROOXWLRQ
LQGH[ DQG D ELRORJLFDO TXDOLW\ LQGH[ EDVHG RQ PDFURLQYHUWHEUDWHV� 7KH FRPSDULVRQ ZDV FDUULHG RXW
LQ RUGHU WR YHULI\ WKH FRQQHFWLRQ EHWZHHQ WKH TXDOLW\ RI ODNH VXUURXQGLQJ DUHDV DQG WKH ELRORJLFDO
TXDOLW\ RI WKH ODNH¶V ZDWHU ERG\� 7KH DSSOLFDWLRQ RI WKH PHWKRG VKRZHG YHU\ KHWHURJHQHRXV 6),
LQGH[ YDOXHV DORQJ WKH VKRUH ]RQH RI WKH WKUHH ODNHV� GLIIHUHQFHV LQ W\SH DQG DEXQGDQFH RI
YHJHWDWLRQ DQG ODQG XVH KDYH OHG WR MXGJPHQWV RI IXQFWLRQDOLW\ UDQJLQJ IURP H[FHOOHQW WR H[WUHPHO\
SRRU� 1R FRUUHODWLRQV ZHUH IRXQG EHWZHHQ WKH WZR LQGLFHV DQG WKH 6), GHPRQVWUDWLQJ WKDW WKH
TXDOLW\ RI WKH VKRUH ]RQH RI D ODNH LV QRW QHFHVVDU\ FRQQHFWHG ZLWK WKH ELRORJLFDO TXDOLW\ RI WKH
ZDWHU ERG\� 7KH 6), LQGH[ DSSHDUV YHU\ SURPLVLQJ WR DVVHVV IXQFWLRQDO OHYHOV RI WKH VXUURXQGLQJ
DUHDV RI ODNHV� KRZHYHU WKH PHWKRG VKRXOG EH DOZD\V DVVRFLDWHG ZLWK RWKHU LQGLFHV WKDW HYDOXDWH
WKH ELRORJLFDO TXDOLW\ RI WKH ZDWHU ERG\ LQ RUGHU WR SURYLGH D ZLGH NQRZOHGJH WR WKH ODQG SODQQHUV
DQG�PDQDJHUV�
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øVWDQEXO�8QLYHUVLW\��,QVWLWXWH�RI�6FLHQFHV��7XUNH\

øVWDQEXO�8QLYHUVLW\��)DFXOW\�RI�6FLHQFH��'HSDUWPHQW�RI�%LRORJ\��7XUNH\
�
.(<:25'6��/(1*7+�:(,*+7�5(/$7,216+,3��&21',7,21��*21$'2620$7,&�,1'(;

(QGDQJHUHG 3KR[LQXV VWUDQGMDH 'UHQVN\� ���� ZDV RQO\ NQRZQ IURP WKH 9HOHND DQG 5H]YH
GUDLQDJHV� GUDLQLQJ IURP ,VWUDQFD WR %ODFN 6HD LQ %XOJDULD DQG 7XUNH\� EXW UHFHQWO\ LW ZDV SURSRVHG
WKDW WKH FRQVHUYDWLRQ VWDWXV RI WKH VSHFLHV VKRXOG EH WUDQVIHUUHG WR 9XOQHUDEOH �98�IURP
(QGDQJHUHG �(1�� 7KHUH ZDV QRW DQ\ VWXG\ DERXW WKH ELRORJLFDO SURSHUWLHV RI 3� VWUDQGMDH� 7KH
SXUSRVH RI WKH VWXG\ LV WR GHWHUPLQH WKH JURZWK DQG UHSURGXFWLRQ FKDUDFWHULVWLFV RI WKUHDWHQHG
3KR[LQXV VWUDQGMDH 'UHQVN\� ���� OLYLQJ LQ ,VWUDQFD 6WUHDP� ZKLFK LV WKH ELJJHVW VWUHDP HPSW\LQJ
WR /DNH 'XUXVX �øVWDQEXO� ZLWK ��� NP� ZDWHU EDVLQ� )LVKLQJ ZDV FDUULHG RXW DW VL[ VWDWLRQV RQ
,VWUDQFD 6WUHDP IURP 0DUFK ���� WR -XQH ����� PRQWKO\� ,Q WRWDO� ��� LQGLYLGXDOV ZHUH FROOHFWHG
XVLQJ HOHFWURVKRFN GXULQJ WKH VDPSOLQJ SHULRG DQG VWDQGDUG OHQJWK DQG ERG\ ZHLJKW RI WKH
VSHFLPHQV UDQJHG EHWZHHQ ���±��� FP DQG ������±������� J� UHVSHFWLYHO\� )HPDOH�PDOH UDWLR RI
3� VWUDQGMDH HVWLPDWHG DV ������ DQG WKHUH ZDV QRW VLJQLILFDQWO\ GLIIHUHQFH EHWZHHQ JHQGHUV
�[� ����� S!������ 7KH OHQJWK±ZHLJKW UHODWLRQVKLS ZDV HVWLPDWHG IRU IHPDOH� PDOH DQG DOO
VSHFLPHQV DV : ������î/�������������� : ������î/������������� DQG
: ������î/�������������� UHVSHFWLYHO\� $JHV RI WKH VSHFLHV UDQJHG IURP � WR 9, ZLWK XVLQJ
RWROLWKV� 7KH )XOWRQ
V FRQGLWLRQ IDFWRU IRU IHPDOH� PDOH DQG DOO VSHFLPHQV ZDV ������������
����������� DQG ������������ UHVSHFWLYHO\� $FFRUGLQJ WR JRQDGRVRPDWLF LQGH[ �*6,� YDOXHV� WKH
UHSURGXFWLRQ VHDVRQ RI WKH VSHFLHV ZDV GHWHUPLQHG DV $SULO� 0D\ DQG -XQH PRQWKV� )LUVW
UHSURGXFWLRQ OHQJWKV HVWLPDWHG DV ���� DQG ���� FP DW VWDQGDUG OHQJWK IRU IHPDOHV DQG PDOHV�
7KH SUHVHQW VWXG\ KDV QHZ UHFRUG IHDWXUHV IRU WKH JURZWK DQG UHSURGXFWLRQ FKDUDFWHULVWLFV RI WKDW
WKUHDWHQHG�VSHFLHV
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3ULQFH�RI�6RQJNOD�8QLYHUVLW\��7KDLODQG

3ULQFH�RI�6RQJNOD�8QLYHUVLW\��'HSDUWPHQW�RI�%LRORJ\��7KDLODQG
�
.(<:25'6��7+$,/$1'��/,0123(51$�6(77/(0(17�3$77(516��)5(6+:$7(5�/$.(

7KH JROGHQ PXVVHO /LPQRSHUQD IRUWXQHL �'XQNHU� ����� LV D QDWLYH P\WLOLG ELYDOYH LQ IUHVKZDWHU DQG
EUDFNLVK HQYLURQPHQW RI &KLQD DQG PDLQODQG 6RXWKHDVW $VLD� DQG ZHUH LQWURGXFHG LQWR +RQJ .RQJ�
7DLZDQ� -DSDQ DQG 6RXWK $PHULFD GXULQJ WKH ODVW FHQWXU\� 7KH DLPV RI WKLV VWXG\ ZHUH WR
GHWHUPLQH WKH WHPSRUDO DQG VSDWLDO YDULDWLRQV RI QHZO\ VHWWOH MXYHQLOHV DQG SRSXODWLRQ SDUDPHWHUV
DVVHVVPHQW RI /� IRUWXQHL LQ D VPDOO ODNH LQ VRXWK 7KDLODQG� ZLWKLQ WKHLU QDWLYH HQYLURQPHQWV�
6HWWOHPHQW VDPSOHV ZHUH REWDLQHG E\ XVLQJ ��[�� FP� VFRXULQJ�SDG SDQHOV VRDNLQJ IRU RQH
PRQWK DQG UHSODFHG E\ D QHZ RQH HYHU\ PRQWK EHWZHHQ 0D\ ���� DQG 0D\ ����� &RXQWV RI
QHZO\ VHWWOHPHQW ZHUH DQQXDOO\ VLJQLILFDQW GLIIHUHQW� WKLV VXJJHVWV WKDW WKH QXPEHU RI ODUYDH LQ DQ\
JLYHQ \HDU GHSHQGV RQ WKH VL]H RI WKH EUHHGLQJ SRSXODWLRQ RI PXVVHOV� -XYHQLOH FRXQWV IURP
GLIIHUHQW VLWHV ZHUH DOVR GLIIHUHQFH LQ DQ\ JLYHQ \HDU� LQGLFDWLQJ WKDW ZLWKLQ�ODNH GLVSHUVDO RI ODUYDH
LV KLJK� +LJKHU VHWWOHPHQW GHQVLWLHV ZHUH REVHUYHG DW GHHSHU OHYHO WKDQ VXEVXUIDFH� 1HZO\ VHWWOHG
MXYHQLOHV DPRQJ VHDVRQV ZHUH DOVR GLIIHUHG� WKLV LQGLFDWLQJ HQYLURQPHQWDO SUHIHUHQFHV� ZKLOH VHWWOH
MXYHQLOHV ZHUH REVHUYHG DOO WKH \HDU URXQGV� 6HWWOHPHQW GHQVLWLHV ZHUH SRVLWLYHO\ FRUUHODWHG ZLWK
FRQGXFWLYLW\� 6KHOO OHQJWK UDQJHG EHWZHHQ ��� DQG ���� PP� WKH FRQVWDQW LQ WKH YRQ %HUWDODQII\
JURZWK�PRGHO�ZHUH�N� �������\HDU���DQG�/�� ������PP�
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8QLYHUVLW\�RI�6DQWR�7RPDV��*UDGXDWH�6FKRRO��5HVHDUFK�&HQWHU�IRU�1DWXUDO�DQG�$SSOLHG�6FLHQFHV��3KLOLSSLQHV

$QJHOHV�8QLYHUVLW\�)RXQGDWLRQ��&HQWHU�IRU�5HVHDUFK�DQG�'HYHORSPHQW��3KLOLSSLQHV

8QLYHUVLW\�RI�6DQWR�7RPDV��*UDGXDWH�6FKRRO��5HVHDUFK�&HQWHU�IRU�1DWXUDO�DQG�$SSOLHG�6FLHQFHV��3KLOLSSLQHV
�
.(<:25'6��)5(6+:$7(5�*$675232'6��7��*5$1,)(5$��02//86&6

)UHVKZDWHU JDVWURSRGV DUH WKH OHDVW VWXGLHG PROOXVFDQ FODVV GXH WR WKH GXOOQHVV RI WKHLU SK\VLFDO
DWWULEXWHV� 7KLV UHPDLQV WR EH WKH FDVH LQ WKH 3KLOLSSLQHV ZKHUH XSGDWHV RQ WKH ELRORJ\ RI
IUHVKZDWHU JDVWURSRGV DUH ODFNLQJ� 7KLV VWXG\ DLPHG WR LGHQWLI\ DQG FODVVLI\ WKH JDVWURSRGV SUHVHQW
LQ WKH WKUHH PDMRU DTXDFXOWXUH ODNHV LQ /X]RQ ,V�� QDPHO\ /DNHV 7DDO� 6DPSDORF� DQG /DJXQD GH
%D\� WKURXJK WKRURXJK H[DPLQDWLRQ RI WKHLU UDGXOD� VKHOO� DQG GLJHVWLYH V\VWHP� $ WRWDO RI �� ���
VDPSOHV ZHUH REWDLQHG DQG �� VSHFLHV ZHUH LGHQWLILHG LQKDELWLQJ WKH WKUHH ODNHV� ZLWK 7DUHELD
JUDQLIHUD GRPLQDWLQJ WKH WKUHH ODNHV ZKLFK FRPSULVHG ��� RI WKH WRWDO VDPSOHV REWDLQHG ZKLOH WKH
OHDVW REVHUYHG ZDV D SODQRUELG VQDLO� ,QGRSODQRUELV H[XVWXV ZKLFK RQO\ FRPSULVHG ����� RI WKH
VDPSOHV� 2I WKH WKUHH ODNHV� /DNHV 7DDO DQG 6DPSDORF KDG PRUH VLPLODU YDOXHV IRU VSHFLHV
GLYHUVLW\ FRPSDUHG WR /DJXQD GH %D\� )XUWKHUPRUH� WKLV VWXG\ KDV EHHQ DEOH WR HVWDEOLVK � QHZ
UHFRUGV� 7DUHELD JUDQLIHUD� 7KLDUD ZLQWHULL� 7KLDUD VFDEUD� ,QGRSODQRUELV H[XVWXV� 7KLDUD VS��
0HODQRLGHV PDFXODWD� 9LYLSDUD EXUURXJKLDQD� %HOODP\D DQJXODULV DQG 3RPDFHD FDQDOLFXODWD �
ZKLFK LQFOXGHV WKUHH QRQ�QDWLYH VSHFLHV� 7KH VLPLODULW\ LQ WKH GLVWULEXWLRQ RI WKH JDVWURSRGV PD\
LQGLFDWH WKDW WKH HQYLURQPHQWDO FRQGLWLRQV LQ WKH ODNHV DUH WKH VDPH� 7KLV VWXG\ VKRZV KRZ
JDVWURSRG GLYHUVLW\ LQ WKHVH WKUHH PDMRU ODNHV KDYH DOUHDG\ EHHQ LPSDFWHG E\ FKDQJHV LQ ZDWHU
TXDOLW\ DQG WKH LQWURGXFWLRQ RI QRQ�QDWLYH VSHFLHV ZKLFK PD\ KDYH LPSOLFDWLRQV RQ RYHU�DOO
HFRV\VWHP KHDOWK JLYHQ WKH UROH RI JDVWURSRGV DV PDMRU SUH\ LWHPV� ILVKHULHV FRPPRGLW\ DQG DV
ILQDO�RU�LQWHUPHGLDWH�KRVWV�RI�SDUDVLWHV��
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8QLYHUVLW\�RI�WKH�3KLOLSSLQHV�0DQLOD��&ROOHJH�RI�0HGLFLQH��'HSDUWPHQW�RI�3KDUPDFRORJ\�DQG�7R[LFRORJ\�
3KLOLSSLQHV

+HDOWK�)XWXUHV�)RXQGDWLRQ��,QF��8QLYHUVLW\�RI�WKH�3KLOLSSLQHV�0DQLOD��&ROOHJH�RI�3XEOLF�+HDOWK��3KLOLSSLQHV
�
.(<:25'6��/($'�(;32685(�5$7(��%,20$5.(5��(19,5210(17$/�021,725,1*

/HDG H[SRVXUH WKURXJK DLU� VRLO� GULQNLQJ ZDWHU� DQG IRRG VLJQLILFDQWO\ LPSDFWV SXEOLF KHDOWK
HVSHFLDOO\ DPRQJ YXOQHUDEOH SRSXODWLRQV� 7KLV SDSHU DLPV WR DVVHVV WKH H[WHQW RI OHDG H[SRVXUH�
DQG FKDUDFWHUL]H WKH ULVN RI GHYHORSPHQW RI GLVHDVH DPRQJ FKLOGUHQ IURP IRXU YLOODJHV LQ 6DQWD
5RVD &LW\� /DJXQD /DNH ZDWHUVKHG DUHD� 3KLOLSSLQHV� 'DWD RQ HQYLURQPHQWDO OHDG H[SRVXUH DQG
ELRPDUNHUV ZHUH FROOHFWHG DQG DQDO\]HG IURP D FURVV�VHFWLRQDO VWXG\ LQYROYLQJ PRWKHU�FKLOG SDLUV�
/DERUDWRU\ WHVWV VKRZHG WKDW DOO ZDWHU VDPSOHV KDYH QRQ�GHWHFWDEOH OHDG OHYHOV� $OO VRLO VDPSOHV
KDYH OHDG OHYHOV DERYH WKH 86�(3$ UHJLRQDO VFUHHQLQJ OHYHOV LQ UHVLGHQWLDO VRLO IRU FDUFLQRJHQLF
WDUJHW ULVN ���� PJ�NJ� EXW EHORZ WKH QRQ�FDUFLQRJHQLF WDUJHW ULVN ���� PJ�NJ�� /HDG OHYHOV LQ ��
ILVK VDPSOHV RI WLODSLD �2UHRFKURPLV QLORWLFXV� DQG EDQJXV �&KDQRV FKDQRV� ZHUH EHORZ WKH )$2�
:+2 PD[LPXP OHYHO ���� PJ�NJ�� 7ZHQW\�WZR RI ��� FKLOGUHQ KDG EORRG OHDG OHYHOV ! � XJ�G/ ZLWK
D PHDQ RI ��� XJ�G/� ([SRVXUH UDWHV WR OHDG ZHUH KLJKHU ZLWK LQWDNH RI WLODSLD FRPSDUHG ZLWK
EDQJXV� 3UHYLRXV ZRUNV UHYHDOHG WKDW QHXUREHKDYLRUDO HIIHFWV RI OHDG DUH REVHUYHG DW OHYHOV DV ORZ
DV ��� XJ�G/ VXFK WKDW DW SUHVHQW� QR EORRG OHDG WKUHVKROG KDV EHHQ LGHQWLILHG LQ FKLOGUHQ� 7KH
KD]DUG TXRWLHQW FDQQRW EH FRPSXWHG EHFDXVH WKHUH LV QR UHIHUHQFH GRVH IRU LQRUJDQLF OHDG VHW E\
86�(3$� +RZHYHU� EDVHG RQ REVHUYDWLRQV RI -(&)$ RQ WKH DVVRFLDWLRQ EHWZHHQ GLHWDU\ OHDG
LQWDNH DQG LQWHOOLJHQFH TXRWLHQW �,4�� WKH FRPSXWHG H[SRVXUH UDWHV DUH DSSURDFKLQJ OHYHOV WKDW
SRVH�D�ULVN�RI�ORZHULQJ�WKH�,4�RI�FKLOGUHQ�IURP�YLOODJHV�$SOD\D��&DLQJLQ�DQG�6DQWR�'RPLQJR�
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8QLYHUVLW\�RI�WKH�3KLOLSSLQHV�0DQLOD��&ROOHJH�RI�0HGLFLQH��'HSDUWPHQW�RI�3KDUPDFRORJ\�DQG�7R[LFRORJ\�
8QLYHUVLW\�RI�WKH�3KLOLSSLQHV�0DQLOD��1DWLRQDO�3RLVRQ�0DQDJHPHQW�DQG�&RQWURO�&HQWHU��3KLOLSSLQHV

+HDOWK�)XWXUHV�)RXQGDWLRQ��,QF��DQG�&ROOHJH�RI�3XEOLF�+HDOWK��8QLYHUVLW\�RI�WKH�3KLOLSSLQHV�0DQLOD
�
.(<:25'6��%/22'�/($'�/(9(/6��1(852'(9(/230(17$/�67$786��/$.(6+25(�9,//$*(6

(QYLURQPHQWDO H[SRVXUH WR OHDG SRVHV DGYHUVH KHDOWK HIIHFWV RQ YXOQHUDEOH SRSXODWLRQV EHFDXVH RI
LWV ORQJ KDOI�OLIH� 7KLV SDSHU DWWHPSWV WR GHWHUPLQH WKH DVVRFLDWLRQ RI EORRG OHDG OHYHOV �%//� ZLWK
QHXURGHYHORSPHQWDO VWDWXV LQ FKLOGUHQ� 'DWD ZHUH DQDO\]HG IURP D FURVV�VHFWLRQDO VWXG\ LQYROYLQJ
��� FKLOGUHQ IURP IRXU ODNHVKRUH YLOODJHV LQ 6DQWD 5RVD &LW\� /DJXQD� 3KLOLSSLQHV� 7ZHQW\ WZR
SHUFHQW RI FKLOGUHQ KDG %// ! � XJ�G/ ZLWK D PHDQ RI ���� � ���� XJ�G/� 0XOWLSOH FRPSDULVRQV
UHYHDO WKDW PHDQ %// LQ FKLOGUHQ IURP YLOODJH 6LQDOKDQ ZHUH KLJKHVW DPRQJ WKH IRXU YLOODJHV� 8VLQJ
WKH :HFKVOHU ,QWHOOLJHQFH 6FDOH IRU &KLOGUHQ�,9� WKH PHDQ ,4 VFRUHV IRU SHUFHSWXDO UHDVRQLQJ�
SURFHVVLQJ VSHHG� DQG ZRUNLQJ PHPRU\ ZHUH ORZHU DPRQJ FKLOGUHQ ZLWK %// ! � XJ�G/ FRPSDUHG
ZLWK FKLOGUHQ ZKRVH %// LV � XJ�G/� 0RUHRYHU� FKLOGUHQ IURP YLOODJHV 6LQDOKDQ DQG $SOD\D ZKR KDG
KLJKHU PHDQ %//V ZHUH IRXQG WR KDYH ORZHU ,4 VFRUHV LQ ERWK SHUFHSWXDO UHDVRQLQJ DQG
SURFHVVLQJ VSHHG FRPSDUHG ZLWK FKLOGUHQ IURP WKH RWKHU WZR YLOODJHV� $PRQJ WKH DGYHUVH KHDOWK
HIIHFWV RI OHDG LQ FKLOGUHQ� LPSDLUPHQW RI LQWHOOHFWXDO FDSDFLW\ LV RI XWPRVW LPSRUWDQFH� $W SUHVHQW�
QR EORRG OHDG WKUHVKROG KDV EHHQ LGHQWLILHG LQ FKLOGUHQ EHFDXVH SUHYLRXV ZRUNV GRFXPHQWHG
QHXUREHKDYLRUDO HIIHFWV DW %//V DV ORZ DV ��� XJ�G/� %DVHG RQ WKHVH ILQGLQJV� FKLOGUHQ ZLWK %// !
� XJ�G/ VKRXOG EH PRQLWRUHG IRU WDUJHW RUJDQ WR[LFLWLHV� /LNHZLVH� QXWULWLRQDO SURJUDPV LQFOXGLQJ
PLFURQXWULHQW VXSSOHPHQWDWLRQ VKRXOG EH VWUHQJWKHQHG� DORQJ ZLWK WKH HVWDEOLVKPHQW RI D
VXUYHLOODQFH�DQG�UHIHUUDO�V\VWHP�RQ�WR[LF�H[SRVXUHV�DW�WKH�YLOODJH�OHYHO�
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+HDOWK�)XWXUHV�)RXQGDWLRQ��,QF���3KLOLSSLQHV��8QLYHUVLW\�RI�WKH�3KLOLSSLQHV�0DQLOD��&ROOHJH�RI�3XEOLF�+HDOWK�
3KLOLSSLQHV�

8QLYHUVLW\�RI�WKH�3KLOLSSLQHV�0DQLOD��'HSDUWPHQW�RI�(QYLURQPHQWDO�DQG�2FFXSDWLRQDO�+HDOWK��&ROOHJH�RI
3XEOLF�+HDOWK��3KLOLSSLQHV

5HVHDUFK�,QVWLWXWH�IRU�+XPDQLW\�DQG�1DWXUH��-DSDQ��<RNRKDPD�1DWLRQDO�8QLYHUVLW\��-DSDQ
�
.(<:25'6��%,20$*1,),&$7,21�,1�),6+��$56(1,&��&$5&,12*(1,&�+($/7+�5,6.

7KLV SDSHU H[DPLQHV WKH SRWHQWLDO FDUFLQRJHQLF ULVN WR KXPDQ KHDOWK DVVRFLDWHG ZLWK
ELRPDJQLILFDWLRQ RI DUVHQLF LQ ILYH FRPPHUFLDOO\ LPSRUWDQW ILVK SURGXFWV IURP /DJXQD GH %D\� )LVK
VDPSOHV ZHUH FROOHFWHG LQ HLJKW VDPSOLQJ VWDWLRQV LQ WKUHH PDMRU DUHDV RI WKH ODNH GXULQJ WKH GU\
DQG ZHW VHDVRQV� &RRUGLQDWHV RI VDPSOLQJ VLWH ORFDWLRQV ZHUH UHFRUGHG XVLQJ *OREDO 3RVLWLRQLQJ
6\VWHP DQG SORWWHG LQ *HRJUDSKLF ,QIRUPDWLRQ 6\VWHP GLJLWDO PDSV� $QDO\VLV RI DUVHQLF ZDV
FRQGXFWHG XVLQJ $WRPLF $EVRUSWLRQ 6SHFWURSKRWRPHWHU� 7KH KLJKHVW OLIH WLPH FDQFHU ULVN IRU
DUVHQLF ZDV FRPSXWHG IRU WLODSLD IURP VDPSOLQJ VWDWLRQ �% GXULQJ WKH GU\ VHDVRQ ZLWK ULVN YDOXH RI
����[���� RU DERXW �� H[FHVV FDQFHU FDVHV SHU ��������� SRSXODWLRQV� &DOFXODWHG FDQFHU ULVNV
VKRZHG VHDVRQDO YDULDWLRQV WKDW ZHUH GLVWLQFW DPRQJ WKH ILYH ILVK VSHFLHV� $YHUDJH OLIH WLPH FDQFHU
ULVNV DVVRFLDWHG ZLWK ILVK FRQVXPSWLRQ GXULQJ GU\ VHDVRQ VKRZHG WKH IROORZLQJ RUGHU RI PDJQLWXGH�
7LODSLD ! %LJKHDG FDUS ! .DQGXOL !%DQJXV ! 'DODJ� )RU ZHW VHDVRQ� WKH RUGHU RI PDJQLWXGH ZDV�
%LJKHDG FDUS ! %DQJXV ! .DQGXOL !7LODSLD ! 'DODJ� &RUUHODWLRQ DQDO\VHV VKRZHG WKDW ILVK PHDQ
VWDQGDUG VL]H GR QRW KDYH VLJQLILFDQW HIIHFW RQ WKH OHYHOV RI DUVHQLF LQ ILVK VDPSOHV IRU ERWK GU\ DQG
ZHW VHDVRQV� 7KLV VWXG\ FRQFOXGHV IURP WKH SRLQW RI YLHZ RI GLVHDVH SUHYHQWLRQ WKDW ORQJ�WHUP
FRQVXPSWLRQ RI ILYH FRPPHUFLDOO\ LPSRUWDQW ILVK VSHFLHV IURP /DJXQD GH %D\ PD\ FDXVH VLJQLILFDQW
FDUFLQRJHQLF�KHDOWK�ULVN�
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8QLYHUVLW\�RI�WKH�3KLOLSSLQHV�0DQLOD��'HSDUWPHQW�RI�&OLQLFDO�(SLGHPLRORJ\��&ROOHJH�RI�0HGLFLQH��3KLOLSSLQHV

+HDOWK�)XWXUHV�)RXQGDWLRQ��,QF���3KLOLSSLQHV��8QLYHUVLW\�RI�WKH�3KLOLSSLQHV�0DQLOD��&ROOHJH�RI�3XEOLF�+HDOWK�
3KLOLSSLQHV

+HDOWK�)XWXUHV�)RXQGDWLRQ��,QF���3KLOLSSLQHV

+HDOWK�)XWXUHV�)RXQGDWLRQ��,QF���3KLOLSSLQHV
�
.(<:25'6��)/22',1*��75$16,(17�',63/$&(0(17��+($/7+�5(/$7('�(;3(5,(1&(6

)ORRGLQJ LV D PDMRU WULJJHU RI JOREDO GLVSODFHPHQWV� DQG UHVXOWV LQ YDULRXV KHDOWK FRQVHTXHQFHV� ,Q
$XJXVW ����� KHDY\ PRQVRRQ UDLQV IORRGHG ORZ�O\LQJ DUHDV LQ WKH 6LODQJ±6DQWD 5RVD VXE�
ZDWHUVKHG DUHD RI /DJXQD /DNH� 7KLV SDSHU DLPV WR GHVFULEH KHDOWK�UHODWHG H[SHULHQFHV RI
KRXVHKROGV WUDQVLHQWO\�GLVSODFHG E\ WKLV IORRGLQJ HYHQW� 8VLQJ TXHVWLRQV PRGLILHG IURP &'&¶V
&$63(5 WRRO� KHDOWK�UHODWHG H[SHULHQFHV ZHUH GHWHUPLQHG LQ D SRVW�IORRGLQJ HYHQW VXUYH\ �������
$PRQJ ��� KRXVHKROGV� ����� ���� ZHUH WUDQVLHQWO\�GLVSODFHG IURP WKHLU SODFHV RI UHVLGHQFH GXH
WR WKH IORRGLQJ HYHQW� 7KH SURSRUWLRQ RI WUDQVLHQWO\�GLVSODFHG KRXVHKROGV ZLWK DW OHDVW RQH PHPEHU
DIIHFWHG E\ DQ DFXWH LOOQHVV ZDV ������ ������� DQG LV KLJKHVW IRU FRXJK� DWKOHWH¶V IRRW� DQG VRUH
WKURDW� ,Q FRQWUDVW� WKH SURSRUWLRQ RI QRQ�GLVSODFHG KRXVHKROGV ZLWK DW OHDVW RQH PHPEHU DIIHFWHG
E\ DQ DFXWH LOOQHVV ZDV ������ ���������� DQG LV KLJKHVW IRU FRXJK DQG FROGV� IHYHU� DQG
KHDGDFKH� 'LIIHUHQFHV LQ WKH SUHYDOHQFH RI DFXWH LOOQHVVHV EHWZHHQ GLVSODFHG DQG QRQ�GLVSODFHG
KRXVHKROGV ZHUH VWDWLVWLFDOO\ LQVLJQLILFDQW� )RU GLVSODFHG KRXVHKROGV UHSRUWLQJ D SV\FKRORJLFDO
FRPSODLQW LQ DW OHDVW RQH PHPEHU ������ �������� ORVV RI HQWKXVLDVP WR GR ZRUN� HPRWLRQDO
SUREOHPV� GHSUHVVHG PRRG� DQG ORVV RI DSSHWLWH ZHUH PRVW FRPPRQ� +RZHYHU� QRQ�DYDLODELOLW\ RI
GDWD RQ SV\FKRORJLFDO FRPSODLQWV LQ QRQ�GLVSODFHG KRXVHKROGV SUHFOXGHV FRPSDULVRQ� ,QVLJQLILFDQW
GLIIHUHQFHV LQ WKH SUHYDOHQFH RI DFXWH LOOQHVVHV PD\ EH GXH WR WLPHO\ GLVHDVH PDQDJHPHQW� OHVV
FURZGLQJ� JRRG ZDWHU VXSSO\ DQG VDQLWDWLRQ� LQWHQVLILHG GLVHDVH VXUYHLOODQFH� DQG SUHYHQWLYH SXEOLF
KHDOWK VWUDWHJLHV GXULQJ GLVDVWHUV� +HQFH� VFDOLQJ�XS RI SXEOLF KHDOWK VXUYHLOODQFH� GLVDVWHU
UHVSRQVH� DQG FOLQLFDO PDQDJHPHQW RI LOOQHVVHV DPRQJ KRXVHKROGV DIIHFWHG E\ IORRGLQJ HYHQWV LV
UHFRPPHQGHG�
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8QLYHUVLW\�RI�3HUXJLD��'HSDUWPHQW�RI�&KHPLVWU\��%LRORJ\�DQG�%LRWHFKQRORJ\��,WDO\

8QLYHUVLW\�RI�3HUXJLD��'HSDUWPHQW�RI�&KHPLVWU\��%LRORJ\�DQG�%LRWHFKQRORJ\��,WDO\
�
.(<:25'6��0$&523+<7(6��%,2021,725,1*��3/$17�63(&,(6

'XH WR WKHLU UHPDUNDEOH VHQVLWLYLW\ WR SROOXWLRQ DQG HQYLURQPHQWDO FKDQJHV� PDFURSK\WHV DUH EHLQJ
LQFUHDVLQJO\ XVHG DV ELRORJLFDO LQGLFDWRUV WR VXSSRUW WKH HYDOXDWLRQ RI WKH HFRORJLFDO TXDOLW\ RI ZDWHU
ERGLHV� ,QGH[HV DQG SURWRFROV EDVHG RQ WKHVH DTXDWLF WD[D DUH QRZ ZLGHO\ XVHG LQ VHYHUDO
(XURSHDQ FRXQWULHV� LQFOXGLQJ ,WDO\� IROORZLQJ WKH HQDFWPHQW RI WKH (XURSHDQ :DWHU )UDPHZRUN
'LUHFWLYH �:)'� ��������(&�� 2QH RI WKH PRVW DSSOLHG LV WKH ,QGH[ 0DFURSK\WLTXH %LRORJLTXH HQ
5LYLqUH �,%05�� ZKLFK VKRXOG DOORZ WR HYDOXDWH WKH WURSKLF VWDWXV RI QDWXUDO DQG DUWLILFLDO ULYHUV�
PRVWO\ IRFXVHG RQ DPPRQLXP DQG RUWKRSKRVSKDWH FRQWHQW� DQG RUJDQLF SROOXWLRQ� ,%05 KDV EHHQ
VHOHFWHG E\ WKH ,WDOLDQ DXWKRULWLHV DV WKH RIILFLDO PHWKRGRORJ\ IRU ZDWHU FRQWURO� LQ DFFRUGDQFH ZLWK
WKH :)'� +RZHYHU� VRPH VWXGLHV UHSRUWHG RQ WKH DEVHQFH RI VLJQLILFDQW FRUUHODWLRQV EHWZHHQ
,%05 DQG QXWULHQWV� ,Q WKLV IUDPH� WKH SUHVHQW VWXG\ ZDV FRQGXFWHG DORQJ �� ZDWHU ERGLHV LQ
&HQWUDO ,WDO\� UHSUHVHQWLQJ D ZLGH HQYLURQPHQWDO YDULDELOLW\� ZLWK WKH DLP WR LQYHVWLJDWH ,%05
V
DFWXDO HIIHFWLYHQHVV LQ SURYLGLQJ UHOLDEOH LQIRUPDWLRQ RQ ZDWHU TXDOLW\� %HVLGHV WKH DSSOLFDWLRQ RI
,%05
V VWDQGDUGL]HG SURFHGXUH� FKHPLFDO DQG SK\VLFDO SDUDPHWHUV IURP WKH VDPH VLWHV KDYH EHHQ
DQDO\VHG DQG FRQIURQWHG ZLWK WKH FDOFXODWHG YDOXHV RI WKH XVHG LQGH[� 5HVXOWV VKRZ D YHU\ ZHDN
FRUUHODWLRQ EHWZHHQ ,%05 DQG PHDVXUHG SDUDPHWHUV� WKXV VXJJHVWLQJ WKDW WKH XVH RI WKLV LQGH[ LQ
DVVHVVLQJ�ZDWHU�TXDOLW\�VKRXOG�EH�FDXWLRXV�
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8QLYHUVLW\�RI�9HQLFH�&D¶�)RVFDUL��'HSDUWPHQW�RI�(QYLURQPHQWDO�6FLHQFHV��,QIRUPDWLFV�DQG�6WDWLVWLFV��,WDO\

1DWLRQDO�5HVHDUFK�&RXQFLO��&15���,QVWLWXWH�IRU�WKH�'\QDPLFV�RI�(QYLURQPHQWDO�3URFHVVHV��,WDO\

8QLYHUVLW\�RI�6LHQD��'HSDUWPHQW�RI�3K\VLFDO�6FLHQFHV��(DUWK�DQG�(QYLURQPHQW��,WDO\

1DWLRQDO�5HVHDUFK�&RXQFLO��&15���,QVWLWXWH�IRU�WKH�'\QDPLFV�RI�(QYLURQPHQWDO�3URFHVVHV��,WDO\

1DWLRQDO�5HVHDFK�&RXQFLO��&15���,QVWLWXWH�IRU�WKH�'\QDPLFV�RI�(QYLURQPHQWDO�3URFHVVHV��,WDO\

8QLYHUVLW\�RI�9HQLFH�&D¶�)RVFDUL��'HSDUWPHQW�RI�(QYLURQPHQWDO�6FLHQFHV��,QIRUPDWLFV�DQG�6WDWLVWLFV��,WDO\
�
.(<:25'6��$0,12�$&,'6��$17$5&7,&$��/&�06

$PLQR DFLGV UHSUHVHQW DQ LPSRUWDQW IUDFWLRQ RI RUJDQLF PDWWHU LQ IUHVKZDWHU HFRV\VWHPV� 7R RXU
NQRZOHGJH� WKLV LV WKH ILUVW VWXG\ WR FKDUDFWHULVH DPLQR DFLGV LQ ODFXVWULQH ZDWHU FROOHFWHG LQ 7HUUD
1RYD %D\ �$QWDUFWLFD�LQ RUGHU WR GHILQH LWV GLVWULEXWLRQV DQG WR LQGLYLGXDWH D UHODWLRQVKLS ZLWK
SULPDU\ SURGXFWLRQ� $QWDUFWLFD UHSUHVHQWV DQ H[FHOOHQW QDWXUDO ODERUDWRU\ WR HVWLPDWH WKH QDWXUDO
SUHVHQFH� FRQFHQWUDWLRQ� DQG YDULDELOLW\ RI FRPSRXQGV� GXH WR LWV GLVWDQFH IURP DQWKURSRJHQLF
HPLVVLRQV� :H LPSURYHG DQ HQDQWLRPHULF VHSDUDWLRQ RI IRUW\ XQGHULYDWLVHG DPLQR DFLGV XVLQJ
+3/&�06�06 PHWKRG� SHUIRUPLQJ WKH PRVW VHQVLWLYH PHWKRG WR GHWHUPLQH O�DQG G�DPLQR DFLGV LQ
HQYLURQPHQWDO VDPSOHV DW WUDFH OHYHOV� 2XU DQDO\WLFDO PHWKRG ZDV YDOLGDWHG WKURXJK WKH HVWLPDWLRQ
RI DFFXUDF\� UHSHDWDELOLW\� DQG OLQHDU UDQJH� 7KH PHWKRG ZDV DSSOLHG WR VDPSOHV FROOHFWHG LQ IRXU
GLIIHUHQW ODNHV� /DNH �� ORFDWHG DW (GPRQVRQ 3RLQW SUHVHQWHG WKH KLJKHVW FRQFHQWUDWLRQ RI DPLQR
DFLGV LQ FRPSDULVRQ ZLWK WKH RWKHU VDPSOHV FRQVLGHUHG LQ WKLV VWXG\� &OLPDWH FKDQJHV GUDVWLFDOO\
UHGXFHG WKH ODNH¶V DUHD LQ WKH ODVW GHFDGH DQG SUREDEO\ WKLV KDYH FDUULHG RXW WR D FRQFHQWUDWLRQ RI
QXWULHQWV ZLWK D SULPDU\ JURZWK� :H GHPRQVWUDWHG WKDW WKH LQIOXHQFH RI WKH VHD RQ ODNH �� DW
,QH[SUHVVLEOH ,VODQG SURGXFHG D VPDOO LQFUHDVH LQ DPLQR DFLG FRQFHQWUDWLRQV� :H FDQ FRQFOXGH WKDW
DPLQR DFLGV FDQ EH XVHG DV PDUNHUV RI SULPDU\ SURGXFWLRQ� +RZHYHU� LW ZLOO EH QHFHVVDU\ WR
PRQLWRU WKHVH FRPSRXQGV GXULQJ WKH QH[W VDPSOLQJ SHULRGV WR FRQWURO WKH LQIOXHQFH RI FOLPDWH
FKDQJH�RQ�ELRORJLFDO�SURGXFWLRQ�
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,WDOLDQ�1DWLRQDO�,QVWLWXWH�IRU�(QYLURQPHQWDO�3URWHFWLRQ�DQG�5HVHDUFK��,635$���,WDO\

,WDOLDQ�1DWLRQDO�,QVWLWXWH�IRU�(QYLURQPHQWDO�3URWHFWLRQ�DQG�5HVHDUFK��,635$���,WDO\

1DWXUDO�5HVHUYH�RI�7HYHUH�)DUID��,WDO\

,WDOLDQ�1DWLRQDO�,QVWLWXWH�IRU�(QYLURQPHQWDO�3URWHFWLRQ�DQG�5HVHDUFK��,635$���,WDO\

8QLYHUVLW\�RI�7XVFLD��,WDO\

8QLYHUVLW\�RI�7XVFLD��,WDO\

,WDOLDQ�1DWLRQDO�,QVWLWXWH�IRU�(QYLURQPHQWDO�3URWHFWLRQ�DQG�5HVHDUFK��,635$���,WDO\

,WDOLDQ�1DWLRQDO�,QVWLWXWH�IRU�(QYLURQPHQWDO�3URWHFWLRQ�DQG�5HVHDUFK��,635$���,WDO\

5HJLRQDO�$JHQF\�IRU�(QYLURQPHQW�3URWHFWLRQ�RI�/DWLXP��$53$���,WDO\

�
�
.(<:25'6��$48$7,&�63(&,(6�$1'�+$%,7$7��7+5($76�0$1$*(0(17��0$1$*(0(17�())(&7,9(1(66�(9$/8$7,21

7KH 7HYHUH�)DUID 1DWXUDO 5HVHUYH �/DWLXP � ,WDO\� LV D 5DPVDU DQG 1DWXUD ���� VLWH RI ���� KD�
HVWDEOLVKHG IRU WKH SURWHFWLRQ RI VHPL�QDWXUDO KDELWDWV JHQHUDWHG DIWHU WKH FRQVWUXFWLRQ RI DQ
K\GURHOHFWULF GDP� 7KH DUHD ZDV XVHG DV FDVH VWXG\ WR� ��� YHULI\ WKH FRQVLVWHQF\ DPRQJ
PRQLWRULQJ UHVXOWV IRU WKH DVVHVVPHQW RI WKH HFRORJLFDO VWDWXV DQG FRQVHUYDWLRQ VWDWXV RI DTXDWLF
VSHFLHV DQG KDELWDWV �DFFRUGLQJ WR (8 :DWHU )UDPHZRUN 'LUHFWLYH� +DELWDWV DQG %LUG 'LUHFWLYHV��
��� WR LGHQWLI\ D VHW RI LQGLFDWRUV RI SUHVVXUHV DQG WKUHDWV WR ELRGLYHUVLW\� ��� WR GHYHORS DQ
LQWHJUDWHG PRQLWRULQJ PHWKRG �XVLQJ GDWD JDLQHG DFFRUGLQJ WR (8 'LUHFWLYHV� WR DVVHVV WKH
PDQDJHPHQW HIIHFWLYHQHVV RI WKH SURWHFWHG DUHD� �� VDPSOLQJ VWDWLRQV ZHUH XVHG WR JDLQ GDWD WR
DQDO\]H � LQGH[HV RI SK\VLFR�FKHPLFDO DQG HFRORJLFDO VWDWXV �PDFUREHQWKRV� GLDWRPV�
PDFURSK\WHV� ILVK� DQG RI ELUGV DQG DTXDWLF KDELWDWV VWDWXV� 5HVXOWV VKRZ WKDW HFRORJLFDO VWDWXV
GLIIHU RQ WKH EDVLV RI WKH W\SH RI LQGH[ XWLOL]HG� )RU RQO\VHYHQ VWDWLRQV WKH UHVXOW VWDWXV ZDV
FRQVLVWHQW IRU DOO FULWHULD �JRRG�H[FHOOHQW TXDOLW\�� ZKLOH IRU DOO WKH RWKHU VWDWLRQV WKH VWDWXV ZDV
IRXQG WR EH SRRU� JRRG RU H[FHOOHQWGHSHQGLQJ RQ WKH FRQVLGHUHG
FULWHULD�7KLVGLVFRUGDQFHLVFRQQHFWHG WR� GLIIHUHQFHV RQ ELRWLF HOHPHQWV UHVSRQVH �PDFUREHQWKRV�
GLDWRPV� PDFURSK\WHVDQG ILVK�WR HQYLURQPHQWDO SUHVVXUHV� GLIIHUHQW ZHLJKW JLYHQ WR
ELRWLFLQWHJULW\RUHFRORJLFDO IXQFWLRQDOLW\ RQ HDFK LQGH[� 7KH SUHVVXUHV LGHQWLILHG WKURXJK WKH
PRQLWRULQJ ZHUHFRPSDUHG ZLWK WKRVH UHFRJQL]HG DFFRUGLQJ WR �H[SHUW MXGJPHQW� DSSURDFK �DV
GHILQHG�E\�,8&1�:&3$��DQG�XVHG�WR�HYDOXDWH�WKH�PDQDJHPHQWHIIHFWLYHQHVVRI�WKH�SURWHFWHG�DUHD�
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,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK�(QYLURQPHQW�DQG�3ULPDU\�3UHYHQWLRQ��'HSDUWPHQW�RI�(QYLURQPHQWDO
4XDOLW\�DQG�)LVKIDUP�8QLW��,WDO\

1DWLRQDO�5HVHDUFK�&RXQFLO��&15���,QVWLWXWH�RI�(FRV\VWHP�6WXG\��,WDO\

,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK�(QYLURQPHQW�DQG�3ULPDU\�3UHYHQWLRQ��'HSDUWPHQW�RI�(QYLURQPHQWDO
4XDOLW\�DQG�)LVKIDUP�8QLW��,WDO\

,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK�(QYLURQPHQW�DQG�3ULPDU\�3UHYHQWLRQ��'HSDUWPHQW�RI�(QYLURQPHQWDO
4XDOLW\�DQG�)LVKIDUP�8QLW��,WDO\

,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK��(QYLURQPHQW�DQG�3ULPDU\�3UHYHQWLRQ��'HSDUWPHQW�(QYLURQPHQWDO�4XDOLW\
DQG�)LVKIDUP�8QLW��,WDO\

,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK��(QYLURQPHQW�DQG�3ULPDU\�3UHYHQWLRQ��'HSDUWPHQW�RI�(QYLURQPHQWDO
4XDOLW\�DQG�)LVKIDUP�8QLW
�
.(<:25'6��/$.(6��%(17+,&�',$7206��(3,�/��',))(5(17�68%675$7(6

'LDWRPV DUH XVHG DV LQGLFDWRUV IRU WKH DVVHVVPHQW RI HQYLURQPHQWDO FRQGLWLRQV DFFRUGLQJ WR WKH
:DWHU )UDPHZRUN 'LUHFWLYH �:)'� HVSHFLDOO\ IRU PRQLWRULQJ ULYHU ZDWHU TXDOLW\ ZKLOH IHZ VWXGLHV RQ
WKH XVH RI SK\WREHQWKRV LQ ODNHV DUH DYDLODEOH VR IDU� 7KH DLP RI WKLV VWXG\ LV WKH ILUVW ,WDOLDQ
DSSOLFDWLRQ RI WKH QHZ LQGH[ IRU HFRORJLFDO TXDOLW\ DVVHVVPHQW RI ODNH ZDWHUERGLHV XVLQJ EHQWKLF
GLDWRPV �(3,�/� DQG WR HYDOXDWH LWV UHVSRQVH WR GLIIHUHQW GLDWRP DVVHPEODJHV � (3,�/ ZDV
FDOFXODWHG E\ ZHLJKWHG DYHUDJH DQG FDOLEUDWHG RQ HXWURSKLFDWLRQ SUHVVXUH� 7KH VWXG\ RI EHQWKLF
GLDWRPV ZDV SHUIRUPHG LQ � ,WDOLDQ ODNHV LQ 0HGLWHUUDQHDQ HFRUHJLRQ $OEDQR� %ROVHQD� %UDFFLDQR�
0DUWLJQDQR� 6DOWR� 6FDQQR� 7XUDQR� DQG 9LFR� $ WRWDO RI �� VDPSOHV ZHUH FROOHFWHG LQ WKH OLWWRUDO
]RQH RI ODNHV RQ WKUHH W\SHV RI VXEVWUDWHV� ZKHUH DYDLODEOH� LQ HDFK VLWH� VWRQHV� PDFURSK\WHV DQG
DUWLILFLDO VXEVWUDWHV� )RU HDFK VDPSOH GLDWRP ZHUH LGHQWLILHG DW VSHFLHV OHYHO DQG DEXQGDQFH ZDV
HVWLPDWHG FRXQWLQJ ��� YDOYHV� 7KH LPSDFW RI KDELWDW W\SH RQ VSHFLHV DVVHPEODJHV ZDV DOVR
HYDOXDWHG� (3,�/ KDV EHHQ FDOFXODWHG IRU DOO VDPSOHV FROOHFWHG E\ GLIIHUHQW VXEVWUDWHV� 5HVXOWV RI
WKLV VWXG\ VKRZHG WKDW HFRORJLFDO VWDWXV DVVHVVPHQW PHWKRG (3,�/ FDQ EH DSSO\ WR GLDWRP
DVVHPEODJHV IURP GLIIHUHQW VXEVWUDWH VWRQHV� PDFURSK\WHV DQG DUWLILFLDO VXEVWUDWHV� JLYLQJ WKH
VDPH LQGLFDWLRQ RI ODNH WURSKLF VWDWXV� )LQDOO\ (3,�/ PHWKRG UHVXOWV D VXLWDEOH WRRO IRU WKH HFRORJLFDO
VWDWXV�DVVHVVPHQW�RI�ODNHV�LQ�0HGLWHUDQQHDQ�HFRUHJLRQ�
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8QLYHUVLW\�RI�3HUXJLD��'HSDUWPHQW�RI�&KHPLVWU\��%LRORJ\�DQG�%LRWHFKQRORJ\��,WDO\

8QLYHUVLW\�RI�3HUXJLD��'HSDUWPHQW�RI�&KHPLVWU\��%LRORJ\�DQG�%LRWHFKQRORJ\��,WDO\

8QLYHUVLW\�RI�3HUXJLD��'HSDUWPHQW�RI�&KHPLVWU\��%LRORJ\�DQG�%LRWHFKQRORJ\��,WDO\

8QLYHUVLW\�RI�3HUXJLD��'HSDUWPHQW�RI�&KHPLVWU\��%LRORJ\�DQG�%LRWHFKQRORJ\��,WDO\



/HQ]D�(WUXVFD��$VVRFLDWLRQ���/DNH�&KLXVL��,WDO\

3URYLQFH�RI�6LHQD��,WDO\

8QLYHUVLW\�RI�3HUXJLD��'HSDUWPHQW�RI�&KHPLVWU\��%LRORJ\�DQG�%LRWHFKQRORJ\��,WDO\
�
.(<:25'6��3+<723/$1.721���=223/$1.721���/$.(�&+,86,

/DNH &KLXVL LV VLWXDWHG LQ WKH SURYLQFH RI 6LHQD �7XVFDQ\� FHQWUDO ,WDO\�� 7KLV VPDOO ODPLQDU DQG
PHVRWURSKLF ODNH LV FKDUDFWHUL]HG E\ D VXUIDFH RI � .P�� DQ DYHUDJH GHSWK RI � P DQG DQ DUWLILFLDO
UHJXODWLRQ RI ZDWHU OHYHOV� /DNH &KLXVL LV LQFOXGHG LQ WKH OLVW ³6LWHV 1DWXUD ����´ �'LUHWWLYD +DELWDW
������&((�� +HUHLQ ZH UHSRUW GDWD DERXW SODQNWRQ DVVHPEODJHV IURP WKH SHODJLF VLWH RI WKH ODNH LQ
WZR GLIIHUHQW \HDUV ���� DQG ����� 5HGXFLQJ XQZDQWHG ILVK SRSXODWLRQV LQ DQ HXWURSKLF ODNH FDQ
EH D ZD\ RI FXUELQJ DOJDO EORRPV DQG R[\JHQ GHSOHWLRQ� $IWHU ���� WKLV NLQG RI ³ELRPDQLSRODWLRQ´ RQ
WKH ODNH WRRN SODFH LQ RUGHU WR HUDGLFDWH WKH QRQ LQGLJHQRXV LFKW\RIDXQD� ,Q ���� WKH UHVXOWV RI WKLV
LQWHUYHQWLRQ ZHUH HYDOXDWHG E\ PHDQV RI SODQNWRQ VDPSOLQJV DQG SK\VLFDO�FKHPLFDO DQDO\VHV
FDUULHG RXW PRQWKO\� 6SHFLHV FRPSRVLWLRQ RI SK\WRSODQNWRQ DQG ]RRSODQNWRQ ZHUH FRPSDUHG LQ
RUGHU WR DVVHVV WKH SRVVLEOH FKDQJHV RFFXUULQJ LQ SODQNWRQ FRPSRVLWLRQ� 7KH ODNH ZDV GRPLQDWHG
E\ &\DQRSK\WHV DQG &KORURSK\WHV� ERWK UHFRUGHG ZLWK D GLVVLPLODU QXPEHU RI WD[D� ZKHUH D KLJKHU
QXPEHU RI WD[RQRPLF XQLWV ZHUH IRXQG DPRQJ &KORURSK\WHV LQ ����� 7KH ELRPDVV GHQVLW\ RI
&\DQRSK\FHDH ZDV FRQVLGHUDEO\ KLJKHU LQ ���� WKDQ LQ ����� /RZ SK\WRSODQNWRQ VSHFLHV GLYHUVLW\
ZDV DOVR FXUUHQWO\ IRXQG� 7KH ]RRSODQNWRQ FRPSRVLWLRQ DQG ELRPDVV GHQVLW\ GLG QRW VKRZ
LPSRUWDQW FKDQJHV DQG ORZ YDOXHV RI WKH GLYHUVLW\ ZHUH UHFRUGHG IRU ERWK \HDUV� &ODGRFHUD DQG
PDLQO\ &RSHSRGD ZHUH WKH PRVW UHSUHVHQWDWLYH WD[D DW ERWK VDPSOLQJ WLPHV� 2YHUDOO� WKH UHVXOWV
UHYHDO D JHQHUDO VKLIW RI GRPLQDQFH WRZDUGV WKH ILODPHQWRXV &\DQREDFWHULD VSHFLHV� PRVW OLNHO\
UHODWHG�WR�DQWKURSRJHQLF�SUHVVXUH�
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5HVHDUFK�&HQWHU�IRU�/LPQRORJ\��,QGRQHVLDQ�,QVWLWXWH�RI�6FLHQFHV��,QGRQHVLD

5HVHDUFK�&HQWHU�IRU�/LPQRORJ\��,QGRQHVLDQ�,QVWLWXWH�RI�6FLHQFHV��,QGRQHVLD
�
.(<:25'6��7(03(�$1'�6(17$580�)/22'3/$,16��=223/$1.721�&20081,7<��+<'52/2*,&$/�5(*,0(6

%RWK /DNH 7HPSH DQG /DNH 6HQWDUXP DUH IORRGSODLQ ODNHV RI QDWLRQDO LPSRUWDQFH VLWXDWHG LQ 6RXWK
6XODZHVL DQG :HVW .DOLPDQWDQ �%RUQHR�� ,QGRQHVLD ZLWK /DNH 6HQWDUXP LV OLVWHG DV D 5DPVDU 6LWH
RI QDWLRQDO LPSRUWDQFH� %RWK ODNH H[SHULHQFLQJ K\GURORJLFDO YDULDWLRQV DV FDQ EH LGHQWLILHG GXULQJ
ZHW DQG GU\ VHDVRQV� 6WXG\ RQ K\GURORJLFDO UHJLPHV DQG LWV DVVRFLDWLRQ WR ]RRSODQNWRQ HFRORJ\
ZDV GRQH WR ORRN DW WKH K\GURORJLFDO FKDUDFWHULVWLF DQG LWV DVVRFLDWLRQ WR ]RRSODQNWRQ HFRORJ\ LQ
ERWK ODNHV� )LHOG VWXG\ DQG ]RRSODQNWRQ VDPSOLQJ ZHUH FDUULHG RXW LQ WZR VHDVRQV �+LJK ZDWHU
�+:� DQG /RZ :DWHU �/:� SHULRGV� UHSUHVHQWLQJ K\GURORJLFDO YDULDWLRQV RI ZHW DQG GU\ VHDVRQV RI
WKH IORRGSODLQV� 5RWLIHU ZDV IRXQG WR EH GRPLQDQW ]RRSODQNWRQ GXULQJ ORZ ZDWHU SHULRG ZKLOH PLFUR
FUXVWDFHDQ ZDV SUHGRPLQDQW LQ KLJK ZDWHU SHULRG ERWK LQ /DNH 7HPSH DQG /DNH 6HQWDUXP�
1XPEHU RI VSHFLHV DQG WRWDO DEXQGDQFH ZHUH DOVR KLJKHU LQ /: WKDQ LQ +:� ,Q /DNH 7HPSH� ��
]RRSODQNWRQV ZHUH LGHQWLILHG GXULQJ /: FRQVLVWHG RI �� &RSHSRGV� �� FODGRFHUV� DQG �� URWLIHUV
DQG �� VSHFLHV ZHUH LGHQWLILHG GXULQJ +: FRQVLVWHG RI �� &RSHSRGV� �� FODGRFHUV DQG �� 5RWLIHUV�
5RWLIHU ZDV GRPLQDQW GXULQJ /: SHULRG ZKLFK WKHQ ZHUH VKLIWHG E\ 0LFUR FUXVWDFHDQ SRSXODWLRQ�
PHDQLQJ WKDW URWLIHUV ZDV ZHOO DGDSWHG WR ORZ ZDWHU KDELWDW� 6LPLODUO\� LQ /DNH 6HQWDUXP� URWLIHUV
ZHUH GRPLQDQW GXULQJ /: SHULRG ZKHUH �� URWLIHUV ZHUH LGHQWLILHG GXULQJ WKH ORZHVW ZDWHU OHYHO�
ZKHUHDV PLFUR FUXVWDFHDQ ZHUH SUHGRPLQDQW LQ KLJK ZDWHU SHULRG ZKHUH �� RI WKHP ZHUH LGHQWLILHG
DW�WKLV�SHULRG�
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8QLYHUVLW\�RI�5XKXQD��'HSDUWPHQW�RI�=RRORJ\��)DFXOW\�RI�6FLHQFH��6UL�/DQND

8QLYHUVLW\�RI�5XKXQD��'HSDUWPHQW�RI�=RRORJ\��)DFXOW\�RI�6FLHQFH��6UL�/DQND
�
.(<:25'6��5(6285&(�3$57,7,21,1*��*87�&217(17��%(17+,925286��3(/$*,&�=21(

5HVRXUFH SDUWLWLRQLQJ LV DQ LPSRUWDQW PHFKDQLVP DOORZLQJ VSHFLHV LQ DQ DVVHPEODJH WR FRH[LVW�
3UHVHQW VWXG\ ZDV FDUULHG RXW WR LQYHVWLJDWH FKDQJH RI DPRXQW RI IRRG LWHPV LQ WKUHH FR�RFFXUULQJ
EHQWKLYRUXV ILVK VSHFLHV QDPHO\ 3XQWLXV FKROD� 3XQWLXV GRUVDOLV DQG 3XQWLXV VDUDQD DIWHU HLJKWHHQ
\HDUV SHULRG� 5HVHDUFK ZDV FDUULHG RXW LQ 7LVVDZHZD� D VKDOORZ �PHDQ GHSWK  ��� P� ORZODQG
UHVHUYRLU RI FD ��� KD� )LVK ZHUH VDPSOHG LQ IRXU PDFURKDELWDW� QDPHO\ $ %RWWRP OD\HUV RI RSHQ
ZDWHU� %  SHODJLF ]RQH� & VKDOORZ LQWHUPHGLDWH ]RQH DQG ' /LWWRUDO ]RQH ZLWK YHJHWDWLRQ� )LVKHV
ZHUH FROOHFWHG PRQWKO\ IURP ���� WR ���� DQG DJDLQ QHDUO\ HLJKWHHQ \HDUV ODWHU� XVLQJ
PRQRILODPHQW PXOWL�PHVK JLOOQHWV� &RQWHQWV RI WKH DQWHULRU ��� SDUW RI WKH JXW RI ILVK ZHUH DQDO\]HG
DQG UHODWLYH ELR YROXPH RI IRRG LWHPV LQ WKH JXW ZDV HVWLPDWHG DFFRUGLQJ WKH SRLQWV PHWKRG� 'DWD
ZHUH DQDO\]HG XVLQJ 6366 VWDWLVWLFDO SDFNDJH� $ FKDQJH RI SDUWLFXODU IRRG LWHP IURP \HDU ���� WR
���� ZDV DQDO\]HG XVLQJ FKL VTXDUH IRU HDFK VSHFLHV� 'LYHUVLW\ RI WKH IRRG LWHPV LQ 3� VDUDQD ZDV
KLJKHU WKDQ WKDW RI RWKHU WZR VSHFLHV� ,QVHFWV� PLFUREHQWKRV DQG PROOXVNV DUH WKH PDLQ IRRG LWHPV
LQ WKH JXW RI EHQWKLYRURXV ILVK VSHFLHV� EXW 3� VDUDQD FRQVXPHG VLJQLILFDQWO\ PRUH PROOXVNV WKDQ
RWKHU WZR VSHFLHV� 0ROOXVNV SUHVHQFH LQ WKH \HDU ������� SHULRG LQ WKH JXW RI 3�VDUDQD ZDV KLJKHU
WKDQ�WKDW�RI�\HDU���������DQG�VLJQLILFDQWO\�GLIIHUHQW��S
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,156�(7(��8QLYHUVLW\�RI�4XHEHF��&DQDGD

,156�(7(��8QLYHUVLW\�RI�4XHEHF��&DQDGD
�
.(<:25'6��'()250,7,(6��2,/�63,//��&+,5212086

7KH ORQJ�WHUP HIIHFWV RI RLO VSLOOV RQ IUHVKZDWHU RUJDQLVPV KDYH EHHQ OLWWOH VWXGLHG� ,Q ����� D ODUJH
RLO VSLOO ��� PLOOLRQ /� FRYHUHG WKH KDUERU DUHD RI 3DUU\ 6RXQG� 2QWDULR� &DQDGD� WKH GHHSHVW SRUW LQ
WKH /DXUHQWLDQ *UHDW /DNHV� (FRORJLFDO LPSDFWV ZHUH QRW VWXGLHG DW WKH WLPH� EXW �� \HDUV ODWHU
WKUHH�TXDUWHUV RI WKH &KLURQRPXV FXFLQL ODUYDH �,QVHFWD� 'LSWHUD� &KLURQRPLGDH� OLYLQJ LQ WKH KDUERU
DUHD ZHUH UHSRUWHG WR EH GHIRUPHG� :H UHWXUQHG VL[ GHFDGHV DIWHU WKH VSLOO DQG IRXQG WKDW WKH
IUHTXHQF\ RI GHIRUPLWLHV KDG UHWXUQHG WR EDFNJURXQG OHYHOV� DQG WKDW WKH FRPPXQLW\ RI EXUURZLQJ
LQYHUWHEUDWHV DSSHDUV WR KDYH UHFRYHUHG� %\ GDWLQJ VHGLPHQW FRUHV DQG PHDVXULQJ WKH GHSWK
GLVWULEXWLRQ RI RLOV� ZH FRQFOXGH WKDW� DOWKRXJK WKH RLO SHUVLVWV VL[ GHFDGHV DIWHU WKH VSLOO� VXIILFLHQW
XQFRQWDPLQDWHG VHGLPHQW KDV FRYHUHG WKH RLO VR DV WR SXW LW RXW RI UHDFK RI PRVW EXUURZLQJ
DQLPDOV� 3URYLGHG WKDW WKH VHGLPHQW UHPDLQV XQGLVWXUEHG� WKH EXULHG RLO LV XQOLNHO\ WR H[HUW IXUWKHU
QHJDWLYH�HIIHFWV�RQ�WKH�ELRWD�LQ�VSLWH�RI�WKH�IDFW�WKDW�LW�ZLOO�OLNHO\�SHUVLVW�IRU�PLOOHQLD��
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,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

3URYLQFH�RI�7XULQ��,WDO\

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD

3URYLQFH�RI�7XULQ��,WDO\

3URYLQFH�RI�7XULQ��,WDO\

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

8QLYHUVLW\�RI�3HUXJLD��'HSDUWPHQW�RI�&HOOXODU�DQG�(QYLURQPHQWDO�%LRORJ\��,WDO\

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

3URYLQFH�GL�7XULQ

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\
�
.(<:25'6��352&$0%$586�&/$5.,,��+($9<�0(7$/6��&$1',$�/$.(

&DQGLD /DNH LV RQH WKH PRVW LPSRUWDQW ZHWODQGV LQ 3LHGPRQW DQG LW KDV EHHQ GHFODUHG D 6LWH RI
&RPPXQLW\ ,PSRUWDQFH DFFRUGLQJ WR WKH (8 �+DELWDW� GLUHFWLYH DV UDUH DXWRFKWKRQRXV VSHFLHV DUH
SUHVHQW� 5HJUHWWDEO\ WKLV KDELWDW LV HQGDQJHUHG E\ WKH LQFUHDVLQJ QXPEHU RI UHG VZDPS FUD\ILVK
3URFDPEDUXV FODUNLL� DQ LQYDVLYH DOORFKWKRQRXV VSHFLHV QDWLYH RI 6RXWKHDVWHUQ 8QLWHG 6WDWHVDQG
QRZ SUHVHQW LQ D ODUJH SDUW RI (XURSH� 1XPHULF FRQWURO RI WKH SRSXODWLRQ RI 3� FODUNLL ZLOO EH FDUULHG
RXW IURP VXPPHU ���� WR SURWHFW WKLV DUHD� DQG WKH TXHVWLRQ RI FDUFDVV PDQDJHPHQW ZDV QHHGHG
WR EH FRQVLGHUHG� /RFDO KXPDQ FRQVXPSWLRQ ZDV SURSRVHG DV D SRVVLEOH DQVZHU DQG DQ
DVVHVVPHQW RI KHDY\ PHWDO FRQWDPLQDWLRQ QHHGHG WR EH SHUIRUPHG� ,Q DXWXPQ ����� WZR
VDPSOLQJV RI 3� FODUNLL LQGLYLGXDOV ZHUH FRQGXFHG LQ IRXU DUHDV RI WKH SDUN� WZR RI WKHP
FKDUDFWHUL]HG E\ DQWKURSLF DFWLYLWLHV� 7KH FRQWHQWV RI FDGPLXP� OHDG� PHUFXU\� DUVHQLF� FKURPH�
VHOHQLXP DQG WLQ ZHUH LQYHVWLJDWHG IRU PXVFXODU WLVVXH DQG IRU H[RVNHOHWRQ E\ LQGXFWLYHO\ FRXSOHG
SODVPD PDVV VSHFWURPHWU\ �,&3�06� DQG 'LUHFW 0HUFXU\ $QDO\]HU �'0����7KH UHVXOWV IRU
UHJXODWHG KHDY\ PHWDOV VKRZHG KLJKHU PHDQ FRQFHQWUDWLRQV LQ H[RVNHOHWRQ IRU FDGPLXP ������
PJ�NJ 6W'HY ������ DQG OHDG ����� PJ�NJ 6W'HY ������ WKDQ LQ PXVFXODU WLVVXH �FDGPLXP ����
PJ�NJ� OHDG ����� PJ�NJ 6W'HY ������� 7KH OHYHO RI PHUFXU\ UHVXOWHG YHU\ ORZ DQG TXDQWLILDEOH RQO\
IRU RQH VDPSOH� &RQVLGHULQJ WKLV SUHOLPLQDU\ DQDO\VLV� WKH HGLEOH SDUW VHHPV WR EH VDIH HJDUGLQJ
KHDY\ PHWDO FRQWDPLQDWLRQ EXW WKH OHYHOV REVHUYHG LQ H[RVNHOHWRQ QHHG WR EH GHHSHQHG IRU
ELRPRQLWRULQJ�
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2OWHQLD�0XVHXP�&UDLRYD��5RPDQLD
�
.(<:25'6��(867521*</,'(6�(;&,686���1(0$72'(��9,&725,$�/$.(

7KH QHPDWRGH (XVWURQJ\OLGHV H[FLVXV -lJHUVNL|OG� ���� ZDV GHWHFWHG LQ 6LOXUXV JODQLV DQG 3HUFD
IOXYLDWLOLV ILVK VSHFLHV IURP 9LFWRULD /DNH �%UDWRYRLHúWL � 'ROM� 5RPDQLD�� 7KLV ODNH� ORFDWHG �� NP
IURP &UDLRYD� RQ 5RMLúWHD WHUUDFH� LV SDUW RI D ODFXVWULQH FRPSOH[ NQRZQ DV �$GXQDĠLL GH
*HRUPDQH�� ZKLFK IRUPV DQ LVRODWHG ELRORJLFDO XQLW� OLQNHG WR WKH -LX 5LYHU E\ D FKDQQHO GUDLQLQJ
WKH H[FHVV ZDWHU WKURXJK 0DULFD SRRO�7KH VWXG\ ZDV SHUIRUPHG LQ $SULO RI ���� LQ RUGHU WR REWDLQ
WKH LFKWK\RORJLF PDWHULDO QHFHVVDU\ WR WKH VXEVHTXHQW SDUDVLWRORJLFDO VWXGLHV� 7KH SDUDVLWH ZDV
LGHQWLILHG DIWHU FROOHFWLRQ� ERWK DV D VHFOXGHG ODUYD VXUURXQGHG E\ D GHQVH FDSVXOH RI FRQQHFWLYH
WLVVXH LQ WKH PHVHQWHU\ DQG IUHH LQ WKH DEGRPLQDO FDYLW\ DQG DEGRPLQDO ZDOO PXVFOHV� LQ FDVH RI
WZR SUHGDWRU\ ILVK VSHFLHV� 6LOXUXV JODQLV DQG 3HUFD IOXYLDWLOLV� 7KH LGHQWLILFDWLRQ RI WKH
HQGRSDUDVLWHV ZDV DFKLHYHG GLUHFWO\ E\ PDFURVFRSLF DQG PLFURVFRSLF H[DPLQDWLRQ �QDWLYH
SUHSDUDWLRQ EODGH � VOLGH�� 6LQFH ZDWHU TXDOLW\ LV D NH\ IDFWRU LQ WKH WUDQVPLVVLRQ RI WKH SDUDVLWH�
HXWURSKLFDWLRQ FUHDWHV RSWLPDO FRQGLWLRQV IRU WKH QXPHULFDO LQFUHDVH RI WKH SRSXODWLRQV RI SDUDVLWLF
DTXDWLF ROLJRFKDHWH� DV WKH\ DUH SDUW RI WKH IRRG FKDLQ RI WKH SDUDVLWL]HG ILVK� 7KLV QHPDWRGRVLV LV
LQFUHDVLQJO\ UDUH DQG GRHV QRW OHDG WR REYLRXV SDWKRORJLFDO VWDWHV� EXW LW FDQ GHJUDGH WKH PHDW
FRPPHUFLDO�DVSHFW�DQG�TXDOLW\�
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2OWHQLD�0XVHXP�&UDLRYD��5RPDQLD
�
.(<:25'6��7+(�35($-%$�9$//(<��+<'52*5$3+,&$/�6<67(0��520$1,$

/RFDWHG ZLWKLQ D SODLQ DUHD� WKH 3UHDMED 9DOOH\ V\VWHP WKDW EHORQJV WR WKH -LX K\GURJUDSKLFDO EDVLQ�
FRYHUV D VXUIDFH RI �� .P�� 7KLV VPDOO VXUIDFH LQFOXGHV D JUHDW YDULHW\ RI DTXDWLF HFRV\VWHPV�
VSULQJV� VWUHDPV� ULYXOHWV� VZDPSV� DQG VPDOO UHVHUYRLUV� 7KLV FRPSOH[ RUJDQL]DWLRQ LQGXFHV WKH
VWUXFWXUDO�IXQFWLRQDO FKDUDFWHULVWLFV DQG FRPSOH[LW\ RI WKH HFRV\VWHPV� ,Q WKH DUHD RI WKH UKLWURQ
�LQFOXGLQJ WKH VSULQJV DQG ULYXOHWV�� WKHUH KDYH EHHQ LGHQWLILHG VSHFLHV RI 'LDWRPHDH� &LOLDWD�
7HVWDFHDH� 2VWUDFRGD� *DPDULGD� &KLURQRPLGD� (SKHPHURSWHUD� +HWHURSWHUD� ,Q WKH DUHD RI
SRWDPRQ �WKH DUHD WKDW FRYHUV WKH KLOO\ DQG SODLQ VHFWRU RI WKH FRPSOH[ K\GURJUDSKLFDO QHWZRUN��
WKH VWUXFWXUH RI WKH ELRFRHQRVLV LV PDGH XS RI SHODJLF DQG EHQWKLF FRPPXQLWLHV� ,Q FDVH RI
SK\WRSODQNWRQ� WKHUH KDYH EHHQ LGHQWLILHG PRUH WKDQ �� DOJD VSHFLHV DQG LQ FDVH RI ]RRSODQNWRQ�
�� VSHFLHV RI &LOLDWD� 5RWLSKHUD� &ODGRFHUD� &RSHSRGD DQG �� ODUJH JURXSV RI LQYHUWHEUDWHV� VRPH
FRPSULVLQJ D JUHDW QXPEHU RI LQGLYLGXDOV �&KLURQRPLGD ����� LQG��P�� 2VWUDFRGD ����� LQG��P��
(SKHPHURSWHUD ��� LQG��P�� 3OHFRSWHUD ��� LQG��P�� LQ ]RREHQWKRV� ,Q FDVH RI WKH UHVHUYRLUV� WKH
LFKW\RIDXQD LV UHSUHVHQWHG E\ �� VSHFLHV� F\SULQLGV EHLQJ GRPLQDQW� 7KH 3UHDMED 9DOOH\ V\VWHP LV
DW\SLFDO GXH WR LWV JHRJUDSKLFDO ORFDWLRQ �SODLQ DUHD� DQG VPDOO VXUIDFH ��� .P��� EXW LW JDWKHUV DOO
WKH�VWUXFWXUDO�IXQFWLRQDO�FKDUDFWHULVWLF�RI�D�ODUJH�GLPHQVLRQ�K\GURJUDSKLFDO�V\VWHP�
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.,,7�6FKRRO�RI�%LRWHFKQRORJ\��(QYLURQPHQWDO�%LRWHFKQRORJ\�/DE��.,,7�8QLYHUVLW\��%KXEDQHVZDU��2GLVKD�
,QGLD

.,,7�6FKRRO�RI�%LRWHFKQRORJ\��(QYLURQPHQWDO�%LRWHFKQRORJ\�/DE��.,,7�8QLYHUVLW\��%KXEDQHVZDU��2GLVKD�
,QGLD

.,,7�6FKRRO�RI�%LRWHFKQRORJ\��(QYLURQPHQWDO�%LRWHFKQRORJ\�/DE��.,,7�8QLYHUVLW\��%KXEDQHVZDU��2GLVKD�
,QGLD

&KLOLND�'HYHORSPHQW�$XWKRULW\��&'$���%KXEDQHVZDU��2GLVKD��,QGLD�

'HSDUWPHQW�RI�0LFURELRORJ\�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��8QLYHUVLW\�RI�/\RQ��)UDQFH

&KLOLND�'HYHORSPHQW�$XWKRULW\��&'$���%KXEDQHVZDU��2GLVKD��,QGLD�

.,,7�6FKRRO�RI�%LRWHFKQRORJ\��(QYLURQPHQWDO�%LRWHFKQRORJ\�/DE��.,,7�8QLYHUVLW\��%KXEDQHVZDU��2GLVKD�
,QGLD

.,,7�6FKRRO�RI�%LRWHFKQRORJ\��(QYLURQPHQWDO�%LRWHFKQRORJ\�/DE��.,,7�8QLYHUVLW\��%KXEDQHVZDU��2GLVKD�
,QGLD

.,,7�6FKRRO�RI�%LRWHFKQRORJ\��(QYLURQPHQWDO�%LRWHFKQRORJ\�/DE��.,,7�8QLYHUVLW\��%KXEDQHVZDU��2GLVKD�
,QGLD
�
.(<:25'6��0,&52%,$/�',9(56,7<��0(7$*(120,&6��%,2*(2&+(0,&$/�&<&/(

0HWDJHQRPLF $SSURDFK WR ,QYHVWLJDWH WKH 6WUXFWXUDO DQG )XQFWLRQDO UROH RI 0LFURELDO FRPPXQLW\ LQ
/DNH &KLOLND� $ SUHOLPLQDU\ VWXG\ 6DPLU 5� 0LVKUD�� $� 1� 3DQGD�� /� 5D\� � *XUGHHS 5DVWRJL�� $�
.� 3DWWQDLN�� 7DSDQ .XPDU $GK\D�� 7� 0� 9RJHO�� 0� 6XDU� DQG 9� 5DLQD� � .,,7 6FKRRO RI
%LRWHFKQRORJ\� (QYLURQPHQWDO %LRWHFKQRORJ\ /DE� .,,7 8QLYHUVLW\� %KXEDQHVKZDU� 2GLVKD� ,QGLD�
������� � &KLOLND 'HYHORSPHQW $XWKRULW\ �&'$�� %KXEDQHVZDU� 2GLVKD� ,QGLD�������� �
'HSDUWPHQW RI 0LFURELRORJ\ DQG (QYLURQPHQWDO (QJLQHHULQJ� 8QLYHUVLW\ RI /\RQ� /\RQ�
)UDQFH������� YLVKDNKD�UDLQD#JPDLO�FRP� PVELRWHN#\DKRR�FRP %UDFNLVK ZDWHU HFRV\VWHPV DUH
FKDUDFWHUL]HG E\ HFRWRQH UHJLRQV DQG ULFK IDXQDO � IORUDO GLYHUVLW\� 7KH PLFURELDO FRPPXQLW\ LQ VXFK
HFRV\VWHPV FRQWULEXWHV HVVHQWLDOO\ WR WKH PDLQWHQDQFH RI WKH HQYLURQPHQW� UXQQLQJ RI
ELRJHRFKHPLFDO F\FOHV DQG DOVR WKH IORZ RI HQHUJ\ LQ RWKHU HFRV\VWHPV DVVRFLDWHG ZLWK WKHP�
+RZHYHU� WKH PLFURELDO GLYHUVLW\ RI VXFK HFRV\VWHPV DQG WKHLU UROH LQ WKH HQYLURQPHQW KDYH QRW
EHHQ XQGHUVWRRG DQG VWXGLHG H[WHQVLYHO\� 7KLV SULPDULO\ ZDV GXH WR D FXOWXUH GHSHQGDQW DSSURDFK
DQG ODFN RI KLJK WKURXJKSXW WHFKQLTXHV LQ VWXG\LQJ PLFURELDO HFRORJ\ ZKLFK� XQWLO UHFHQWO\ LV
VXSSRUWHG E\ FXOWXUH LQGHSHQGHQW PHWKRGV� 0HWDJHQRPLF DSSURDFKHV SURYLGH D FRPSUHKHQVLYH
XQGHUVWDQGLQJ RI WKH VWUXFWXUDO DQG IXQFWLRQDO FRPSRVLWLRQ RI PLFUREHV LQ WKH HQYLURQPHQW� EHVLGHV
GHOLQHDWLQJ WKHLU UROH LQ WKH QXWULHQW F\FOLQJ LQ ODNH VHGLPHQW PLFURFRVP� DV ZHOO DV SUHGLFWLQJ WKH FR�
HYROXWLRQDU\ UHODWLRQVKLSV ZLWK WKH RWKHU VSHFLHV SUHVHQW LQ WKH VDPH HQYLURQPHQW� :LWK WKH DGYHQW
RI 1H[W *HQHUDWLRQ 6HTXHQFLQJ �1*6�� WKH SRVVLELOLW\ RI SURFHVVLQJ ODUJH DPRXQW RI GDWD DQG
PLQLQJ UHOHYDQW LQIRUPDWLRQ IRU DQVZHULQJ TXHVWLRQV RQ PLFURELDO GLYHUVLW\ DQG PLFURELDO DFWLYLW\ LQ D
VKRUW VSDQ RI WLPH KDYH EHHQ PDGH D UHDOLW\� 6HYHUDO HQYLURQPHQWDO LVVXHV OLNH LPSDFW RI FOLPDWH
FKDQJHV RQ ERWK HFRV\VWHP VWUXFWXUH DQG IXQFWLRQ LQ WURSLFV� HVSHFLDOO\ LQ ODNHV� FDQ EH VWXGLHG
EHWWHU� +HQFH� WR PDNH SUHGLFWLRQV RI LPSDFWV RI JOREDO ZDUPLQJ RQ HFRV\VWHP SURFHVVHV LQ
DTXDWLF HFRV\VWHPV� LW LV QHFHVVDU\ WR HVWDEOLVK WKH UROH RI WKH PLFURELDO FRPPXQLW\ VWUXFWXUH LQ
FRQMXQFWLRQ ZLWK WKH ELRJHRFKHPLFDO F\FOH WR XQUDYHO LWV PHWDEROLF IXQFWLRQ DQG PLQHUDOL]DWLRQ
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HIILFLHQF\ LQ D PL[HG VXEVWUDWHV ROLJRWURSKLF ODJRRQ DTXDWLF V\VWHP� +HUH� ZH UHSRUW D SUHOLPLQDU\
EDFWHULDO LQYHQWRU\ IURP VSDWLDO GLYHUVLW\ VWXG\ RI VHGLPHQW EDFWHULD SURILOHV IURP � DQG � VDPSOLQJ
VWDWLRQV GLVWULEXWHG RYHU FHQWUDO �DYJ� VDOLQLW\� ��� SSW� DQG VRXWK �DYJ� VDOLQLW\� ���� SSW� ]RQHV�
UHVSHFWLYHO\� RI WKH &KLOLND /DNH GXULQJ VXPPHU VHDVRQ� 0HWDJHQRPLF '1$ ZDV LVRODWHG IURP WKH
ODNH VHGLPHQWV RI LQGLYLGXDO VDPSOLQJ VWDWLRQV RI ERWK ]RQHV DQG SRROHG VHSDUDWHO\ IRU VHTXHQFLQJ
E\ S\URVHTXHQFHU �5RFKH ���� 86$�� 7KH WRWDO SURSRUWLRQV RI VHTXHQFHV ��� REWDLQHG ZHUH
FDWHJRUL]HG DW GRPDLQ OHYHO DQG DW IXQFWLRQDO OHYHO� $W GRPDLQ OHYHO� QHDUO\ ��� ZHUH %DFWHULD� OHVV
WKDQ ��� ZHUH $UFKDHD DQG (XNDU\D DQG QHDUO\ ��� ZHUH XQDVVLJQHG VHTXHQFHV� $PRQJ
EDFWHULD� WKH UHODWLYH DEXQGDQFH IRU GRPLQDQW SK\OD LQ ERWK VRXWK DQG FHQWUDO ]RQHV ZHUH IRXQG WR
EH RI 3URWHREDFWHULD DQG %DFWHURLGHV� $W IXQFWLRQDO OHYHO� FRUUHODWLRQ RI FDUERK\GUDWH ����� DQG
DPLQR DFLG ����� JHQH VHTXHQFHV ZHUH FRPSDUHG EHWZHHQ VRXWK DQG FHQWUDO ]RQHV IRU ZKLFK WKH
FRUUHODWLRQ YDOXHV ZHUH IRXQG WR EH 5�  ����� DQG 5�  ������ UHVSHFWLYHO\� $ 3ULQFLSDO
FRPSRQHQW DQDO\VLV RI PHWDJHQRPH GDWDVHW ZDV FRQGXFWHG ZLWK RWKHU H[WUHPH� QRQ H[WUHPH DQG
PDULQH HFRV\VWHP GDWD VHWV YLD 0*�5$67 DQG 9$03 GDWDEDVH� ZKLFK VXJJHVWHG WKDW &KLOLND
/DNH�LV�XQLTXH�WR�KDYH�D�PHGLDQ�SUHVHQFH�LQ�FRPSDULVRQ�WR�RWKHU�NQRZQ�HFRV\VWHPV�RI�WKH�ZRUOG��

35(6(17$7,21�7<3(��3267(5
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6W�3HWHUVEXUJ�6WDWH�8QLYHUVLW\��5XVVLD

6W�3HWHUVEXUJ�6WDWH�8QLYHUVLW\��5XVVLD

,QVWLWXWH�RI�/LPQRORJ\�5$6��5XVVLD

,�'��3DSDQLQ�,QVWLWXWH�IRU�ELRORJ\�RI�LQODQG�ZDWHUV�5$6��5XVVLD
�
.(<:25'6��$48$7,&�0$&523+<7(6��/2:�02/(&8/$5�:(,*+7�25*$1,&�&203281'6��*$6�&+520$72*5$3+<±0$66
63(&7520(75<

7KLV ZRUN GHDOV ZLWK WKH VWXG\ RI RI ORZ�PROHFXODU ZHLJKW RUJDQLF FRPSRXQGV �/0:2&� RI
DTXDWLF PDFURSK\WHV JURZLQJ RQ WKH WHUULWRU\ RI 5XVVLD LQ GLIIHUHQW HQYLURQPHQWDO FRQGLWLRQV �ODNHV�
SRQGV DQG ULYHUV� DQG JHRJUDSKLF UHJLRQV �/HQLQJUDGVN\� <DURVODYVN\ DQG $VWUDNKDQ UHJLRQV��
'HWHFWLRQ DQG LGHQWLILFDWLRQ RI /0:2& ZHUH SHUIRUPHG E\ JDV FKURPDWRJUDSK\�PDVV
VSHFWURPHWU\ LQ WKH SURJUDPPHG WHPSHUDWXUH PRGH� 7KH FRQWHQW RI GHWHFWHG FRPSRXQGV ZHUH
HYDOXDWHG XVLQJ LQWHUQDO VWDQGDUGV �GHFDIOXRUREHQ]RSKHQRQH DQG EHQ]RSKHQRQH�� 7KH SURGXFWLRQ
RI /0:2& E\ PDFURSK\WHV FDQ EH DQ LPSRUWDQW IDFWRU DIIHFWLQJ WKH FRPSRVLWLRQ RI DTXDWLF
FRPPXQLWLHV DQG WKH KHWHURJHQHLW\ RI WKHLU GLVWULEXWLRQ LQ ODNHV DQG RWKHU ZDWHU ERGLHV� ,Q WXUQ� WKH
ELRORJLFDO VXUURXQGLQJV DQG JURZLQJ FRQGLWLRQV DIIHFW WKH TXDOLWDWLYH DQG TXDQWLWDWLYH FRPSRVLWLRQ
RI PHWDEROLWHV RI DTXDWLF PDFURSK\WHV� ,W LV VKRZQ WKDW WKH FRPSRQHQW FRPSRVLWLRQ RI /0:2&
DQG WKHLU FRQWHQW GHSHQG RQ WKH DELRWLF �JHRJUDSKLFDO ORFDWLRQ RI KDELWDWV DQG K\GURORJLFDO UHJLPH�
WKH OLJKW FRQGLWLRQV� DQG ELRWLF IDFWRUV �VHDVRQ DQG YHJHWDWLRQ SKDVH� ELRORJLFDO HQYLURQPHQW�
GLVWULEXWLRQ LQ GLIIHUHQW YHJHWDWLYH RUJDQV�� 5HYHDOHG SDWWHUQV KDYH EHHQ REWDLQHG XQGHU WKH VWXG\
RI FRPSRVLWLRQ RI WKH PHWDEROLWHV LQ WKH IROORZLQJ VSHFLHV RI DTXDWLF PDFURSK\WHV� 3RWDPRJHWRQ
QDWDQV /�� 3� SXVLOOXV /�� 1XSKDU OXWHD �/�� 6PLWK� DQG &HUDWRSK\OOXP GHPHUVXP /� 6SHFLDO
DWWHQWLRQ LV SDLG WR WKH IXQFWLRQV RI /0:2& LQ DTXDWLF HFRV\VWHPV �HVSHFLDOO\ DOOHORSDWK\� DQG WKH
SRVVLELOLW\�RI�WKHLU�XVH�IRU�WKH�FRQWURO�RI�F\DQREDFWHULDO�DQG�DOJDO�©EORRPVª�LQ�LQODQG�ZDWHUV�

35(6(17$7,21�7<3(��25$/
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6W�3HWHUVEXUJ�6WDWH�8QLYHUVLW\��6W�3HWHUVEXUJ��5XVVLD

6W�3HWHUVEXUJ�6WDWH�8QLYHUVLW\��6W�3HWHUVEXUJ��5XVVLD
�
.(<:25'6��$48$7,&�0$&523+<7(6��/2:�02/(&8/$5�:(,*+7�25*$1,&�&203281'6��*$6�&+520$72*5$3+<±0$66
63(&7520(75<

$ QHZ PHWKRG IRU DVVHVVLQJ WKH VWDELOLW\ RI WKH ODNH HQYLURQPHQW LV SURSRVHG DV D UHVXOW RI WKH
VWXG\ RI ORZ�PROHFXODU ZHLJKW RUJDQLF FRPSRXQGV�/0:2&� RI DTXDWLF PDFURSK\WHV� )ROORZLQJ D
VWXG\ RI WKH VSHFWUXP RI /0:2& RI VHYHUDO VSHFLHV RI DTXDWLF PDFURSK\WHV �3RWDPRJHWRQQDWDQV�
3�SXVLOOXV� 1XSKDUOXWHD�&HUDWRSK\OOXPGHPHUVXP� XVLQJ JDV FKURPDWRJUDSK\�PDVV VSHFWURPHWU\ LW
ZDV UHYHDOHG WKDW WKH VSHFWUD DQG FRQWHQW RI /0:2& GHWHUPLQHG VLJQLILFDQWO\ E\ WKH FRQGLWLRQV RI
WKH KDELWDW RI SODQWV �ERWK ELRWLF DQG DELRWLF�� $V WKLV WDNHV SODFH� D UHVHDUFK RI 3� QDWDQV DQG 1�
OXWHD LQ WKH VDPH SKDVH RI YHJHWDWLRQ FDUULHG RXW RQ /DNH 6XXUL �WKH .DUHOLDQ ,VWKPXV� IRU VHYHUDO
\HDUV KDYH VKRZQ WKDW LI WKH HQYLURQPHQWDO FRQGLWLRQV LQ WKH ODNH DUH QRW FKDQJHG� WKH FRPSRVLWLRQ
DQG FRQWHQW RI /0:2& LQ D PDFURSK\WH UHPDLQ VWDEOH� $W WKH VDPH WLPH� WKH FRPSRVLWLRQ DQG
FRQWHQW RI /0:2& LQ WKH VDPH VSHFLHV IURP WKH QHLJKERULQJ ODNHV� EXW ZLWK GLIIHUHQW WURSKLF VWDWXV
DQG DQWKURSRJHQLF ORDG GLIIHUHG VLJQLILFDQWO\� ,Q FRQWUDVW� WKH VSHFWUD RI /0:2& RI 3� QDWDQV IURP
ZLGHO\ VHSDUDWHG ODNHV �/DNH 6XXUL DQG VPDOO ODNH LQ 3XQNDKDUMX� )LQODQG� FDQ EH VXUSULVLQJO\
VLPLODU� LQGLFDWLQJ VLPLODU KDELWDWV� 7KXV� LI WR WDNH WKH VDPSOHV RI PDFURSK\WHV LQ WKH VDPH SKDVH
RI YHJHWDWLRQ LQ WKH ODNH HFRV\VWHP� WKH FRQWHQW RI /0:2& FDQ GHWHFW� GRHV ODFXVWULQH
HQYLURQPHQW FKDQJH RU LW LV LQ D VWDEOH VWDWH� 7KLV PRQLWRULQJ PHWKRG LV LQWHJUDO OLNH EORRG DQDO\VLV
LQ PHGLFLQH DQG LW KDV D QXPEHU RI DGYDQWDJHV RYHU WKH VWDQGDUG PHWKRGV RI PRQLWRULQJ RI WKH
VWDWH�RI�ODNH�HFRV\VWHPV�

35(6(17$7,21�7<3(��25$/
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&15�,QVWLWXWH�RI�(FRV\VWHP�6WXG\��,WDO\

&15�,QVWLWXWH�RI�(FRV\VWHP�6WXG\��,WDO\

&15�,QVWLWXWH�RI�(FRV\VWHP�6WXG\��,WDO\

&15�,QVWLWXWH�RI�(FRV\VWHP�6WXG\��,WDO\

0DEULWHFK�$*��5LHKHQ��6ZLW]HUODQG

,&0��%HOOLQ]RQD��6ZLW]HUODQG

5HJLRQDO�$JHQF\�IRU�WKH�3URWHFWLRQ�RI�WKH�(QYLURQPHQW��$53$�3LHGPRQW�9&2���,WDO\

8QLYHUVLWj�GL�0LODQR�%LFRFFD��,WDO\

&15�,QVWLWXWH�RI�(FRV\VWHP�6WXG\��,WDO\
�
.(<:25'6��0,&52&<67,16���%,2$&&808/$7,21��0$/',�72)�06

0LFURF\VWLQV� SRWHQW WR[LQV SURGXFHG E\ VRPH VSHFLHV RI F\DQREDFWHULD� DUH D JURZLQJ SUREOHP
ZRUOGZLGH SRVLQJ D VHULRXV WKUHDW WR KXPDQ KHDOWK DQG DTXDWLF ELRWD� 7KH KHSDWRWR[LQ PLFURF\VWLQV
�0&V�� FDQ HQWHU WKH DTXDWLF IRRG ZHE WKURXJK DFFXPXODWLRQ LQ YDULRXV RUJDQLVPV LQFOXGLQJ
]RRSODQNWRQ� PDFURLQYHUWHEUDWHV DQG YHUWHEUDWHV� )UHVKZDWHU ELYDOYHV DUH ILOWHU�IHHGHUV DQG KDYH
WKH SRWHQWLDO WR ELRDFFXPXODWH D UDQJH RI RUJDQLF DQG LQRUJDQLF SROOXWDQWV IRXQG LQ IUHVKZDWHUV�
%HFDXVH RI WKHLU FDSDFLW\ WR FRQFHQWUDWH YDULRXV WR[LF DQG QRQ�WR[LF WUDFH HOHPHQWV� IUHVKZDWHU
ELYDOYHV KDYH EHHQ H[SORLWHG DV ³VHQWLQHO RUJDQLVPV´ WR HQKDQFH WR[LFDQWV GHWHFWLRQ� 7KH SUHVHQW
VWXG\ DLPHG DW GHYHORSLQJ LQ VLWX HDUO\ ZDUQLQJ V\VWHP EDVHG RQ ELYDOYHV DV 0&V DFFXPXODWRUV
�ELRVHQWLQHOV�� XVLQJ 0DWUL[�$VVLVWHG /DVHU 'HVRUSWLRQ ,RQL]DWLRQ�7LPH RI )OLJKW 0DVV 6SHFWURPHWU\
�0$/', 72) 06� WHFKQLTXH DV UDSLG DQDO\WLFDO WRRO WR HQVXUH D SURPSW UHVSRQVH DQG HIIHFWLYH ULVN
PDQDJHPHQW� 7KHUHIRUH� ZH H[SORUHG WKH HIILFLHQF\ RI 0$/', 72) 06� LQ FRPSDULVRQ ZLWK
WUDGLWLRQDO PHWKRGV �+3/&� (/,6$ LPPXQRDVVD\�� IRU GHWHFWLQJ WR[LQV LQ WKH ELYDOYH WLVVXHV� :H
VWXGLHG PLFURF\VWLQ±/5 �0&±/5� DQG GHVPHWK\O�PLFURF\VWLQ±/5 �0&±'H/5� DVVLPLODWLRQ LQ 8QLR
HORQJDWXOXV ZKHQ H[SRVHG WR 0LFURF\VWLV DHUXJLQRVD� 0XVVHOV¶ WLVVXHV ZHUH DQDO\]HG DIWHU VKRUW
WHUP JUD]LQJ H[SHULPHQWV DW KLJK WR[LF DOJDH FRQFHQWUDWLRQV DQG GXULQJ ORQJ WHUP JUD]LQJ
H[SHULPHQWV DW ORZ WR[LF DOJDH FRQFHQWUDWLRQV WR VWXG\ WKH DFFXPXODWLRQ FDSDFLW\ RI WKH PXVVHOV�
7KH UHVXOWV FRQILUP WKH XWLOLW\ RI 0$/',�72) 06 DV UDSLG VFUHHQLQJ PHWKRG IRU PLFURF\VWLQV
GHWHFWLRQ�LQ�RUJDQLF�PDWULFHV�

35(6(17$7,21�7<3(��25$/
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1DWLRQDO�5HVHDUFK�&RXQFLO���,QVWLWXWH�IRU�0DULQH�6FLHQFHV��&15�,60$5���,WDO\
�
.(<:25'6��25*$1,&�0$77(5��3$/(2/,012/2*<��6,%(5,$

7RWDO 2UJDQLF &DUERQ �72&�� 7RWDO 1LWURJHQ �71�� G��& DQG G��1 DQDO\VHV ZHUH SHUIRUPHG RQ �
VHGLPHQW FRUHV FROOHFWHG ZLWKLQ /DNH &KHNR� D VPDOO EDVLQ � NP 1: RI WKH 7XQJXVND (YHQW �7(�
HSLFHQWUH �&HQWUDO 6LEHULD� 5XVVLD�� GXULQJ WKH ILHOG ZRUN FDUULHG RXW LQ ����� 7KH DLP ZDV WR VKHG
OLJKW RQ WKH RULJLQ RI RUJDQLF PDWWHU �20� GHSRVLWHG ZLWKLQ WKH ODNH DQG WR FRQWULEXWH WR UHFRQVWUXFW
UHFHQW SDOHROLPQRORJLFDO KLVWRU\ DQG HQYLURQPHQWDO HYROXWLRQ RI WKH ODNH LWVHOI DQG LWV FDWFKPHQW�
20 DQDO\VHV ZHUH SHUIRUPHG RQ ��� FP VOLFHV DOO DORQJ WKH FRUH UHFRUGV� 7RWDO FRQFHQWUDWLRQV
UDQJHV EHWZHHQ ��� DQG ���� G�Z� IRU 72& DQG ���� DQG ���� � G�Z� IRU 71� &�1 UDWLR UDQJHV
EHWZHHQ ��� DQG ����� ZKHUHDV G��& VKRZV YDOXHV UDQJLQJ EHWZHHQ ±����� DQG ������ Å DQG
G��1 EHWZHHQ ���� DQG ���� Å� 7ZR PDLQ GLIIHUHQFHV DPRQJ WKH VWXG\ FRUHV DUH DPRXQW� DQG
FRPSRVLWLRQ RI RUJDQLF PDWWHU DORQJ WKH VHGLPHQWDU\ UHFRUG DOORZLQJ XV WR GLVWLQJXLVK GLIIHUHQW
XQLWV� ,Q SDUWLFXODU� PDFURUHPDLQV� &�1 !�� DQG YHU\ QHJDWLYH G��& YDOXHV FRPSDWLEOH ZLWK
&��W\SH /DQG SODQWV �ERUHDO IRUHVW� ZHUH LQWHUSUHWHG DV WKH UHVXOWV RI KLJK HQHUJ\ WUDQVSRUW HYHQWV
VXFK DV VHDVRQDO IORRGV RU VORSH IDLOXUHV� ZKHUHDV ORZ &�1 YDOXHV VKRXOG FRUUHVSRQG WR 20
SURGXFHG ZLWKLQ WKH ODNH EDVLQ E\ DXWRFKWKRQRXV RUJDQLVPV� &URVV�DQDO\VLV RI REWDLQHG GDWD
DOORZHG XV WR UHFRQVWUXFW WKH UHFHQW SDOHROLPQRORJLFDO HYROXWLRQ RI WKH EDVLQ WKDW UHVSRQGV LQ
GLIIHUHQW ZD\V DFFRUGLQJ WR SHULRGLF HYHQWV VXFK DV VHDVRQDO IORRGV DQG ZLQWHU VWDVLV� DV ZHOO DV
H[WUDRUGLQDU\�HYHQWV�VXFK�DV�ILUH�LQ�WKH�WDLJD�

35(6(17$7,21�7<3(��25$/
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8QLYHUVLW\�RI�3DUPD��,WDO\

8QLYHUVLW\�RI�3DUPD��,WDO\

8QLYHUVLW\�RI�3DUPD��,WDO\
�
.(<:25'6��(&2/2*,&$/�68&&(6,621��)22'�:(%��1(7:25.

(FRORJLFDO VXFFHVVLRQ LQYHVWLJDWHG WKURXJK HFRORJLFDO IORZ QHWZRUNV (FRORJLVWV XVHG WR GHVFULEH
HFRV\VWHP GHYHORSPHQW WKURXJK DQ RUGHUO\ SURFHVV RI FKDQJH FDOOHG VXFFHVVLRQ� 3DWWHUQV WR
FKDUDFWHUL]H WKLV SURFHVV KDYH EHHQ VHDUFKHG IRU DQG WKLV HIIRUW FXOPLQDWHG LQ D OLVW RI IHDWXUHV WKDW
ZRXOG DFFRPSDQ\ HFRV\VWHP HYROXWLRQ� 7KLV JHQHUDOL]DWLRQ� SURSRVHG E\ 2GXP� KDV EHHQ
FULWLFL]HG DV REVHUYDWLRQDO VWXGLHV RI VXFFHVVLRQDO V\VWHPV VKRZHG WKDW FKDQJHV LQ VWUXFWXUDO DQG
IXQFWLRQDO FKDUDFWHULVWLFV RIWHQ GLG QRW FRQIRUP WR WKHLU SURSRVHG JHQHUDOL]DWLRQ� 7R IXUWKHU WHVW WKH
FRQVLVWHQF\ RI WKH WUHQGV H[SHFWHG LQ GHYHORSLQJ HFRV\VWHPV ZH SURSRVH KHUH WR GLVFXVV WKHP LQ
D ZKROH V\VWHP IUDPHZRUN� 7R WKLV HQG ZH XVHG WKH QHWZRUN DSSURDFK WR GHVFULEH D ODFXVWULQH
HFRV\VWHP LQ LWV GHYHORSPHQWDO WUDMHFWRU\ DV UHFRQVWUXFWHG XVLQJ GDWD FROOHFWHG LQ �� \HDUV RI
VDPSOLQJ DFWLYLW\� ZLWKLQ WKH LQWHUYDO IURP ���� WR ����� 'DWD DERXW VSHFLHV DQG GLHWDU\ KDELWV KDYH
EHHQ XVHG WR EXLOG XS WKH IRRG ZHE RI WKH ODNH� OLQNV DQG WKHLU PDJQLWXGH� 7KH WRSRORJ\ DQG
LQWHQVLW\ RI WKH OLQNV KDYH EHHQ FRQYHUWHG LQ WKH LQGLFHV RI JURZWK DQG GHYHORSPHQW� 7KHVH LQGLFHV
ZHUH XVHG DV EHQFKPDUN IRU WKH DWWULEXWHV RI HFRV\VWHP GHYHORSPHQW� DV FODVVLFDOO\ GHILQHG� 7KHLU
WUHQGV VHHP WR FRQILUP VRPH RI WKH H[SHFWDWLRQV EXW QRW DOO� )XUWKHUPRUH� VRPH RI WKH FODVVLFDO
DWWULEXWHV� WKRVH IRU ZKLFK D QHWZRUN FRXQWHUSDUW FRXOG QRW EH IRXQG� ZHUH FDOFXODWHG �L�H�
3URGXFWLRQ� %LRPDVV� 3�%� 6KDQQRQ LQGH[�� 7KHLU WUHQGV KDUGO\ DFFRPPRGDWHG LQ WKH JHQHUDOL]HG
PRGHO RI HFRV\VWHP GHYHORSPHQW� 8QGHUVWDQGLQJ GHYHORSPHQWDO WUHQGV LV FUXFLDO IRU HFRV\VWHP
FRQVHUYDWLRQ� &RXOG WKH\ EH FODULILHG� LW ZLOO EH SRVVLEOH WR PRQLWRU DQRPDOLHV� ZKLFK ZRXOG VLJQDO
WKH SUHVHQFH RI VWUHVV RU GLVWXUEDQFH� 7KH QHWZRUN DSSURDFK LV HIIHFWLYH LQ WKLV UHVSHFW DV LW
FUHDWHV�D�ZKROH�V\VWHP�IUDPHZRUN�LQ�ZKLFK�VSHFLILF�IHDWXUHV�FDQ�EH�DFFRPPRGDWHG��
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+�&�0�5����,QVWLWXWH�RI�0DULQH�%LRORJLFDO�5HVRXUFHV�	�,QODQG�:DWHUV��*UHHFH

+�&�0�5����,QVWLWXWH�RI�0DULQH�%LRORJLFDO�5HVRXUFHV�	�,QODQG�:DWHUV��*UHHFH

+�&�0�5����,QVWLWXWH�RI�0DULQH�%LRORJLFDO�5HVRXUFHV�	�,QODQG�:DWHUV��*UHHFH

+�&�0�5����,QVWLWXWH�RI�0DULQH�%LRORJLFDO�5HVRXUFHV�	�,QODQG�:DWHUV��*UHHFH
�
.(<:25'6��6$027+5$&(�,6/$1'��:$7(5�48$/,7<��0$&52,19(57(%5$7(6

6DPRWKUDFH ,VODQG �1( $HJHDQ� *UHHFH�� FRYHUV DQ DUHD RI ��� .P� DQG RZQV DQ H[WHQVLYH
K\GURJUDSKLF QHWZRUN� 'XH WR WKH UHJLRQ¶V WRSRJUDSK\� JHRORJ\ DQG WR VRPH RWKHU SURFHVVHV�
ZDWHUIDOOV� JRUJHV� YDOOH\V� HWF�� H[LVW� ZKLOH VHYHUDO VPDOO ODNHV DUH IRUPHG WKURXJKRXW WKH HQWLUH
OHQJWK RI WKH ULYHUV� 7KH PDMRULW\ RI WKH LVODQG LV FRYHUHG E\ ULFK DQG VHOGRP YHJHWDWLRQ �$OQXV
JOXWLQRVD� 4XHUFXV SHWUHD� HWF� DQG D JUHDW GLYHUVLW\ RI DYLIDXQD LV SUHVHQW� $PRQJ WKH ZHWODQG
DUHDV� YHU\ VPDOO SRQGV DUH LQFOXGHG �ORFDOO\ NQRZQ DV �YDWKUHV��� 7KH PRVW VLJQLILFDQW DUH ORFDWHG
RQ WKH WHUUDFHV RI WKH ULYHUV )RQLDV DQG 7VLYGRJKLDQQL� )URP SK\VLFR�FKHPLFDO DQG FKHPLFDO WHUPV
�'LVVROYHG 2[\JHQ� &RQGXFWLYLW\� 1�12�� 1�12�� 1�1+�� 7RWDO 1LWURJHQ� 7RWDO 3KRVSKRUXV� HWF��
WKH ZDWHUV DUH FODVVLILHG DV �([FHOOHQW� SXUVXDQW WR DQ LQWHUQDWLRQDOO\ DFFHSWHG HYDOXDWLRQ
SURFHGXUH� ZKLOH LQ WKHVH ³YDWKUHV´ ULFK PDFURLQYHUWHEUDWH IDXQD LV HQFRXQWHUHG �'LSWHUD�
&ROHRSWHUD� (SKHPHURSWHUD� 7ULFKRSWHUD� 2GRQDWD� 0ROOXVFD� 3OHFRSWHUD� HWF�� 7KH DEVHQFH RI ILVK
IDXQD LV QRWDEOH� GXH WR WKH LQWHQVH UHOLHI DQG WKH LPSHWXRVLW\ RI VXUIDFH ZDWHUV� 7KH SUHVVXUHV DUH
FRQVLGHUHG OLPLWHG LQ H[WHQW DQG LQWHQVLW\� ZLWK WKH H[FHSWLRQ RI IUHH SDVWXUH� ZKLFK GDPDJHV WKH
VHHGOLQJV RI QDWLYH YHJHWDWLRQ� 7KXV� H[FHSW RI WKH LQHVWLPDEOH FXOWXUDO KHULWDJH �6DQFWXDU\ RI WKH
*UHDW *RGV� VWDWXH RI 1LNH � :LQJHG 9LFWRU\����%&� HWF�� RI WKH LVODQG� D VSHFLDO PDQDJHPHQW SODQ
EDVHG RQ FXUUHQW HQYLURQPHQWDO GDWD� DV ZHOO DV RQ DQ HQKDQFHG OHJLVODWLYH UHJLPH DGDSWHG WR WKH
SDUWLFXODULWLHV RI WKHVH VPDOO ZHWODQGV DQG WR ORFDO UHTXLUHPHQWV� ZLOO EH DEOH WR SURWHFW DQG
SUHVHUYH�WKHVH�XQLTXH�PLFURODQGVFDSHV�
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06������%LRORJLFDO�DVSHFW�DQG�ELRPRQLWRULQJ

,VWDQEXO�8QLYHUVLW\��)LVKHULHV�)DFXOW\��7XUNH\

7UDN\D�8QLYHUVLW\��.HúDQ�9RFDWLRQDO�+LJK�6FKRRO��7XUNH\
�
.(<:25'6��),6+%,2/2*<��*52:7+�)($785(6��675($0

$OWKRXJK LW LV RQH RI WKH PRVW HFRORJLFDOO\ LPSRUWDQW ILVK VSHFLHV LQ IUHVKZDWHU V\VWHPV RI
QRUWKZHVWHUQ RI 7XUNH\� ELRORJLFDO IHDWXUHV� PDLQO\ WKH JURZWK RI /XFLREDUEXV HVFKHULFKLL
�6WHLQGDFKQHU� �����KDV UHFHLYHG YHU\ OLWWOH DWWHQWLRQ� ,Q WKLV VWXG\� VRPH JURZWK SURSHUWLHV RI /�
HVFKHULFKLL LQKDELWLQJ LQ WKH VWUHDPV RI 'DUOÕN 5HVHUYRLU� ZKLFK LV SURYLGLQJ LPSRUWDQW SDUW RI ZDWHU
GHPDQG RI FLW\ RI ,VWDQEXO� 7XUNH\ ZHUH VWXGLHG� 'XULQJ WKH VWXG\ SHULRG EHWZHHQ 2FWREHU ����
DQG 6HSWHPEHU ����� ��� /� HVFKHULFKLL LQGLYLGXDOV ZHUH FROOHFWHG E\ HOHFWURILVKLQJ� /HQJWK�ZHLJKW
UHODWLRQVKLS� VH[ GLVWULEXWLRQ UDWH� DQG )XOWRQ¶V FRQGLWLRQ IDFWRU ZHUH FDOFXODWHG� 7RWDO OHQJWK YDOXHV
ZHUH EHWZHHQ ��� FP DQG ���� FP ZKLOH ZHLJKW YDOXHV ZHUH EHWZHHQ ���� J DQG ����� J� /HQJWK�
ZHLJKW UHODWLRQVKLS ZDV : ������7/������ LQ DOO LQGLYLGXDOV� 7KH RYHUDOO VH[ UDWLR RI IHPDOHV
�Q ��� WR PDOHV �Q ��� ZDV ������� ZKLFK ZDV VWDWLVWLFDOO\ GLIIHUHQW IURP XQLW\ �S ����� Ȥ�  ������
7KH . YDOXH RI ����� HVWLPDWHG IURP WKLV VWXG\ VKRZV WKDW /� HVFKHULFKLL IURP WKH VWXG\ DUHD ZDV LQ
H[WUHPHO\�SRRU�FRQGLWLRQ�
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)OXLG�,PDJLQJ�7HFKQRORJLHV�

&ODFNDPDV�:DWHU�'LVWULFW��8�6�$�

)OXLG�,PDJLQJ�7HFKQRORJLHV

)OXLG�,PDJLQJ�7HFKQRORJLHV�
�
.(<:25'6��)/2:&$0��&/$66,),&$7,21��$/*$(

5HVSRQGLQJ WR WKH QHHG IRU WKH ³UDSLG FRXQWLQJ DQG PHDVXUHPHQW RI LQGLYLGXDO SODQNWRQ FHOOV LQ
QDWXUDO SRSXODWLRQV´� UHVHDUFKHUV DW WKH %LJHORZ /DERUDWRU\ IRU 2FHDQ 6FLHQFHV LQ ���� GHYHORSHG
DQ LPDJLQJ IORZ F\WRPHWHU �)ORZ&$0� GHVLJQHG VSHFLILFDOO\ WR VXSSRUW DTXDWLF PLFURELDO UHVHDUFK�
)LIWHHQ \HDUV ODWHU� WKH QHHG IRU UDSLG DQG SUHFLVH PHWKRGV WKDW SURYLGH D PHDQV WR LGHQWLI\�
TXDQWLI\� DQG GHWHUPLQH VL]H VWUXFWXUH RI SODQNWRQ FRPPXQLWLHV UHPDLQV RI FULWLFDO LPSRUWDQFH LQ
GHYHORSLQJ DQ XQGHUVWDQGLQJ RI PDULQH PLFURELDO IRRG ZHEV� HFRV\VWHP IXQFWLRQ� RFHDQLF FDUERQ
VWUXFWXUH� DQG WKHLU UHVSRQVHV WR HQYLURQPHQWDO FRQGLWLRQV� +HUH ZH SUHVHQW DQ XSGDWH RQ UHFHQW
DGYDQFHV PDGH WR WKH )ORZ&$0¶V VRIWZDUH WKDW VSHFLILFDOO\ DGGUHVV WKH LPDJH UHFRJQLWLRQ DQG
VHPL�DXWRPDWHG FDSDELOLWLHV RI WKH WHFKQRORJ\ IRU WKH FODVVLILFDWLRQ RI SODQNWRQ DQG HVWLPDWLRQ RI
SODQNWRQ ELRYROXPH� ,QFOXGHG ZLOO EH DQ RYHUYLHZ RI WKH PHWKRGRORJ\ DORQJ ZLWK D UHYLHZ RI GDWD
IURP�UHFHQW�VWXGLHV�
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)DFXOW\�RI�1DWXUDO�6FLHQFHV�DQG�*HRJUDSK\�RI�*63,��$UPHQLD

6FLHQWLILF�&HQWHU�RI�=RRORJ\�DQG�+\GURHFRORJ\�RI�1$6�5$��$UPHQLD

'HSDUWPHQW�RI�(FRORJ\�DQG�1DWXUH�3URWHFWLRQ�RI�<HUHYDQ�6WDWH�8QLYHUVLW\��$UPHQLD

'HSDUWPHQW�RI�(FRORJ\�DQG�1DWXUH�3URWHFWLRQ�RI�<HUHYDQ�6WDWH�8QLYHUVLW\��$UPHQLD
�
.(<:25'6��$50(1,$��%$&7(5,2/2*,&$/�$1'�+<'52&+(0,&$/�3$5$0(7(56��/$.(�$53,��25*$1,&�0$77(56��32//87,21

/DNH $USL LV VLWXDWHG LQ WKH QRUWKZHVW RI WKH 5HSXEOLF RI $UPHQLD� %HLQJ DOSLQH VSHFLILF HFRV\VWHP
ZLWK LWV UDUH IORUD DQG IDXQD LW KDV HQVXUHG HFRORJLFDO EDODQFH RI WKH DGMDFHQW H[WHQVLYH DUHD�
$JULFXOWXUH LV WKH PDLQ RFFXSDWLRQ RI WKH SRSXODWLRQ LQ WKH /DNH $USL FDWFKPHQW DUHD� 'XH WR WKH
LQFRPSOHWH PHFKDQLVPV RI ZDVWH DQG ZDVWHZDWHU PDQDJHPHQW� WKH K\GURHFRV\VWHPV LQ WKH
FDWFKPHQW DUHD KDYH EHHQ HQGDQJHUHG E\ SROOXWLRQ� 7KH DLP RI WKH SUHVHQW VWXG\ ZDV WR HVWDEOLVK
RUJDQLF SROOXWLRQ GHJUHH DQG SRVVLEOH SROOXWLRQ VRXUFHV LQ /DNH $USL DFFRUGLQJ WR WKH FKHPLFDO DQG
EDFWHULRORJLFDO SDUDPHWHUV� 7KH ZDWHU VDPSOHV ZHUH WDNHQ RQFH HYHU\ VHDVRQ �H[FHSW ZLQWHU�
GXULQJ ���� ± ���� IURP WKH � VLWHV RI /DNH $USL� $FFRUGLQJ WR WKH 32 �SHUPDQJDQDWH R[LGDWLRQ��
%2'�� &2'&U YDOXHV DQG WKH WRWDO QXPEHU RI SODQNWRQLF EDFWHULD LQ /DNH $USL� WKH ORZHVW FRQWHQWV
RI RUJDQLF PDWWHUV ZHUH UHJLVWHUHG LQ WKH VLWH ORFDWHG DERXW ��� PHWHUV WR WKH QRUWKZHVW RI WKH ODNH
IURP WKH %D]LUNKDQ ULYHU PRXWK �WKH �VW REVHUYDWLRQ SRLQW�� ZKHUH WKH ZDWHU LV PDLQO\ DIIHFWHG E\
QDWXUDO IDFWRUV� DQG WKH FRQFHQWUDWLRQV RI RUJDQLF PDWWHUV LQ WKH ZDWHU RI WKH FRDVWDO VLWHV ��QG DQG
�UG REVHUYDWLRQ SRLQWV� LQFUHDVHG JUDGXDOO\� ZKLFK LV H[SODLQHG E\ WKH LPSDFW RI UXUDO GRPHVWLF DQG
DJULFXOWXUDO GLVFKDUJHV� 1RQSROOXWHG QDWXUDO ZDWHUV PDLQO\ FRQWDLQ WKH VPDOO DPRXQWV RI RUJDQLF
PDWWHUV� 7KH KLJK FRQFHQWUDWLRQV RI RUJDQLF PDWWHUV FDQ EH REVHUYHG LQ WKH ZDWHUV DIIHFWHG E\
GRPHVWLF� DJULFXOWXUDO DQG LQGXVWULDO ZDVWHZDWHUV� 7KLV DOORZV XV WR FRQFOXGH WKDW WKH FRQWHQW RI
RUJDQLF PDWWHUV LQ WKH �QG REVHUYDWLRQ SRLQW RI WKH ODNH ZDV PDLQO\ FRQGLWLRQHG E\ WKH LQIOXHQFH RI
FDWWOH EUHHGLQJ� DQG RUJDQLF PDWWHU FRPSRVLWLRQ LQ WKH �UG REVHUYDWLRQ SRLQW� ZKLFK LV ORFDWHG LQ WKH
YLFLQLW\ RI WKH UXUDO DUHD� ZDV PDLQO\ IRUPHG E\ WKH LPSDFW RI UXUDO GRPHVWLF DQG DJULFXOWXUDO
GLVFKDUJHV�
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$WHQHR�GH�0DQLOD�8QLYHUVLW\��3KLOLSSLQHV
�
.(<:25'6��1$8-$1�/$.(��),6+�',9(56,7<��7+5($76

6XUYH\ RI ILVK IDXQD ZDV FRQGXFWHG LQ WKH 1DXMDQ /DNH 1DWLRQDO 3DUN �1/13�� 2ULHQWDO 0LQGRUR�
3KLOLSSLQHV� 6WXG\ VLWHV LQFOXGH 1DXMDQ /DNH� LWV ORQH RXWOHW� WKH %XWDV 5LYHU� DQG ILIWHHQ ULYHU
WULEXWDULHV� 1DXMDQ /DNH LV WKH ILIWK ODUJHVW ODNH RI WKH 3KLOLSSLQHV� EXW XQOLNH WKH RWKHU PDMRU ODNHV
RI WKH FRXQWU\� DTXDWLF ELRGLYHUVLW\ RI 1DXMDQ /DNH LV SRRUO\ VWXGLHG� 7KHUH ZHUH �� VSHFLHV
EHORQJLQJ WR �� JHQHUD FRPSULVLQJ �� IDPLOLHV RI ILVK IRXQG LQ 1/13� 2QH HQGHPLF VSHFLHV�
%DUERGHV KHPLFWHQXV -RUGDQ 	 5LFKDUGVRQ� ����� RQH QDWLYH VSHFLHV� *LXULV PDUJDULWDFHD
�9DOHQFLHQQHV� ������ DQG WZR LQWURGXFHG VSHFLHV� 3RHFLOLD UHWLFXODWD 3HWHUV� ���� DQG 3RHFLOLD
VSKHQRSV 9DOHQFLHQQHV� ���� ZHUH IRXQG WR EH FRPPRQ LQ DOO WKH VXUYH\HG VLWHV� 7KH VWXG\
UHYHDOHG WKDW 1/13 KDUERUV D GLYHUVH FRPPXQLW\ RI ILVK ZKLFK LQFOXGH GLPLQXWLYH VSHFLHV VXFK DV
5HGLJRELXV WDPEXMRQ �%OHHNHU� �����DQG 0LFURSKLV UHW]LL �%OHHNHU� ������ 7KHVH VSHFLHV GXH WR
WKHLU GLPLQXWLYH VL]H DUH KHDYLO\ DIIHFWHG E\ FKDQJHV LQ WKHLU HQYLURQPHQW� QRW WR PHQWLRQ WKH
LPSDFW RI LQWURGXFWLRQ RI LQYDVLYH QRQ�LQGLJHQRXV VSHFLHV DQG WKH DGYHQW RI FOLPDWH FKDQJH� WKXV�
FRQVHUYDWLRQ VWUDWHJLHV WR SURWHFW WKLV DUHD WR JXDUDQWHH WKHLU FRQWLQXHG H[LVWHQFH DUH RI XWPRVW
LPSRUWDQFH� 7KH VXUYH\ XSGDWHG WKH OLVW RI ILVK IDXQD RI 1/13 ZKLFK LV FUXFLDO IRU WKH FUDIWLQJ RI ODZ
QHFHVVDU\ IRU WKLV DUHD WR EHFRPH D IXOO�SOHGJHG FRPSRQHQW RI 1,3$6 WR HQVXUH LWV PD[LPXP
SURWHFWLRQ�DQG�UHKDELOLWDWLRQ�
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5HVHDUFK�&HQWUH�IRU�/LPQRORJ\���,QGRQHVLDQ�,QVWLWXWH�RI�6FLHQFHV��/,3,���,QGRQHVLD

6FKRRO�RI�%LRORJLFDO�6FLHQFHV��8QLYHUVLWL�6DLQV�0DOD\VLD��0DOD\VLD

5HVHDUFK�&HQWUH�IRU�/LPQRORJ\���,QGRQHVLDQ�,QVWLWXWH�RI�6FLHQFHV��/,3,���,QGRQHVLD

5HVHDUFK�&HQWUH�IRU�/LPQRORJ\���,QGRQHVLDQ�,QVWLWXWH�RI�6FLHQFHV��/,3,���,QGRQHVLD

6FKRRO�RI�%LRORJLFDO�6FLHQFHV��8QLYHUVLWL�6DLQV�0DOD\VLD��0DOD\VLD

6FKRRO�RI�%LRORJLFDO�6FLHQFHV��8QLYHUVLWL�6DLQV�0DOD\VLD��0DOD\VLD

6FKRRO�RI�%LRORJLFDO�6FLHQFHV��8QLYHUVLWL�6DLQV�0DOD\VLD��0DOD\VLD
�
.(<:25'6��/$.(�0$1,1-$8��/$.(�7(0(1*25��7523,&$/�/$.(6

7URSLFDO ODNH LV RQH RI WKH XQLTXH HFRV\VWHPV ZKLFK DUH IXQFWLRQLQJ LQ ERWK HFRORJLFDO DQG
HFRQRPLF VHUYLFHV� $V WKH UHVHWWOLQJ RI ZDWHU YROXPH� WURSLFDO ODNHV KDUERU KXQGUHG VSHFLHV RI ILVK
FRPPXQLWLHV� 7KH REMHFWLYH RI WKLV VWXG\ LV WR DQDO\]H WKH K\GURORJLFDO FKDUDFWHULVWLFV RI WURSLFDO
ODNHV IHDWXULQJ WKHVH WZR FRXQWULHV� 6XUYH\ DW /DNH 7HPHQJRU �0DOD\VLD� ZDV FRQGXFWHG LQ
-DQXDU\ ���� ZKHUHDV LQ /DNH 0DQLQMDX�,QGRQHVLD�� WKH VXUYH\ ZDV GRQH LQ 1RYHPEHU ����� 7KH
UHVXOWV RQ WKH VXUYH\ LQ /DNH 7HPHQJRU DQG /DNH 0DQLQMDX VKRZHG WKDW WKH DYHUDJH GHSWK LV
���P DQG ���P� UHVSHFWLYHO\� /DNH 0DQLQMDX LV D ODUJH FDOGHUDODNH WKDW KDV EHHQ IRUPHG E\
YROFDQLF DFWLYLW\� ,W FRYHUV ������ KD RI DUHD ZLWK D KHLJKW RI ����� P DERYH VHD OHYHO DQG
PD[LPXP GHSWK RI ��� P� 7KH ODNH ZDWHU FRPHV IURP UDLQIDOO� VPDOO ULYHUV DQG WKH VXUURXQGLQJ
JURXQG ZDWHU DQG RQH RXWIORZ LQ %DWDQJ $QWRNDQ 5LYHU� /DNH 0DQLQMDX SOD\V PXOWL�IXQFWLRQDO UROHV
LQFOXGLQJ DV D VRXUFH RI SRZHU SODQW� ILVKHULHV DQG WRXULVP� DV ZHOO DV ZDWHU VRXUFHV IRU LUULJDWLRQ�
,Q DGGLWLRQ� WKH IDVW IORZ RI JURXQGZDWHU IORZ LV GXH WR WKH ODUJH UDWLR EHWZHHQ WKH DUHD RI
FDWFKPHQW DQG WKH ZDWHU YROXPH RI WKH ODNH� 0HDQZKLOH� /DNH 7HPHQJRU LV UHODWLYHO\ GHQGULWLF LQ
VKDSH� 7KLV PDQ�PDGH ODNH LV WKH VHFRQG ODUJHVW ODNH LQ 3HQLQVXODU 0DOD\VLD DV LW FRYHUV
DSSUR[LPDWHO\ ������ KD RI DUHD ZLWK D KHLJKW RI ��� P DERYH VHD OHYHO� /DNH 7HPHQJRU LV ORFDWHG
DW WKH XSSHU HOHYDWLRQ RI 3HUDN 5LYHU EDVLQ� 7KHUH DUH IRXU FRQVHFXWLYH UHVHUYRLUV DORQJ 3HUDN
5LYHU� %HLQJ WKH PRVW XSSHU UHVHUYRLU� /DNH 7HPHQJRUUHFHLYHV ZDWHU IURP LWV VXUURXQGLQJ ZDWHU
FDWFKPHQW DQG KHDGZDWHUV� 7HPHQJRU 5HVHUYRLU VHUYHV DV LPSRUWDQW K\GURHOHFWULFLW\ SRZHU� 7KH
GHYHORSPHQW RI WKH UHVHUYRLU IXQFWLRQ WKHQ EHFRPHV WKH QHHGV IRU GRPHVWLF ZDWHU VXSSO\� %RWK RI
WKHVH WURSLFDO ODNHV KDYH EHFRPH IDPRXV WRXULVP JHWDZD\� 7KH FRPPHUFLDO FDSDELOLWLHV RI WKHVH
ODNHV DUH LPSURYHG WR PHHW LWV PDUNHWDELOLW\� ,Q RUGHU WR PDLQWDLQ WKH VXVWDLQDELOLW\ RI WKH ODNH� EDVLF
HFRORJLFDO�LQIRUPDWLRQ�LV�QHFHVVDU\�
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8QLYHUVLW\�RI�1DLUREL��'HSDUWPHQW�RI�*HRIUDSK\�DQG�(QYLURQPHQWDO�6WXGLHV��.HQ\D
�
.(<:25'6��&20081,7,(6��,167,787,216��('8&$7,21�$1'�$:$5(1(66

2XU ZHWODQGV ZKLFK DFW DV QDWXUDO UHVRXUFHV QHHG WR EH SUHVHUYHG DV WKH\ DUH YHU\ LPSRUWDQW DV
D KDELWDW WR ELRGLYHUVLW\ DQG HFRORJLFDO VHUYLFHV ZKLFK WKH\ SURYLGH� .HQ\D LV NQRZQ WR KDYH VRPH
XQLTXH ULYHUV DQG ODNHV� +RZHYHU WKH ODNHV DUH PRUH SURQRXQFHG DV WKH\ DUH UHFRJQLVHG
ZRUOGZLGH DV WRXULVW KRWVSRWV� ELRGLYHUVLW\ ULFK ]RQHV DQG KDELWDWV IRU ZLOGOLIH HVSHFLDOO\ ZDWHU ELUGV
DQG XQLTXH PLFUR�RUJDQLVPV� 7KH FRXQWU\ KDV ERWK IUHVK DQG VDOLQH ZDWHU ODNHV ERWK LQ DQG RXW RI
WKH ULIW YDOOH\� DOWKRXJK WKH ULIW YDOOH\ LV PRUH SURQRXQFHG� 7KH FRXQWU\ KDV OLIWHG WKH VWDWXV RI PDQ\
ODNHV E\ GHVLJQDWLQJ WKHP DV 5$06$5 VLWHV LQ RUGHU WR PDNH WKHP VXVWDLQDEOH� 7KH FRPPXQLWLHV
VWD\LQJ DURXQG WKH ODNHV GHULYH DOPRVW DOO WKHLU OLYHOLKRRG IURP WKH ODNHV WKURXJK ILVKLQJ� 7KLV KDV
DOVR EHHQ SURYHG E\ WKH 0LOOHQQLXP (FRV\VWHP $VVHVVPHQW �0$ ����� UHSRUW RI ���� ZKLFK VWDWHV
WKDW ��� PLOOLRQ SHRSOH GHULYH WKHLU OLYHOLKRRG IURP ILVKLQJ� WKRXJK WKLV ILJXUH LQFOXGHV DOO ZDWHU
ERGLHV ± IUHVK DQG VDOW\� 7KH ODNHV QHHG WR EH SUHVHUYHG WKURXJK WKH FUHDWLRQ RI DZDUHQHVV DQG
HGXFDWLRQ RWKHUZLVH WKHVH YHU\ FRPPXQLWLHV ZRXOG HYHQWXDOO\ EHFRPH WKH JUHDWHVW VXIIHUHUV
EHDULQJ WKH EUXQW RI SRYHUW\ ZLWK GHSOHWLRQ DQG GHJUDGDWLRQ RI WKH QDWXUDO UHVRXUFH �6ZLGHUND HW� DO�
������ 7R�GDWH PRVW UHVHDUFKHUV KDYH EHHQ SD\LQJ PRUH DWWHQWLRQ WR WHUUHVWULDO HFRV\VWHPV DQG
QHJOHFWLQJ WKH DTXDWLF HFRV\VWHPV� $W WKH VDPH HYHQ JRYHUQPHQWV� SULYDWH LQVWLWXWLRQV DQG 1*2V
KDYH JUHDWO\ IRFXVHG RQ WHUUHVWULDO HFRV\VWHPV� ,W LV KLJK WLPH WKDW LQ RUGHU WR SUHVHUYH WKH DTXDWLF
HFRV\VWHPV PRUH DWWHQWLRQ LV QHHGHG� 7KLV ZRXOG KHOS UHYLYH RXU ZDWHU ERGLHV HVSHFLDOO\ ODNHV
ZKLFK DUH D OLIH OLQH IRU PDQ\ FRPPXQLWLHV� 7KLV LV ZK\ LW LV LPSRUWDQW IRU FRXQWULHV WR GHVLJQDWH
ZHWODQGV HVSHFLDOO\ ULYHUV DQG ODNHV DV 5$06$5 VLWHV� 7KH GHVLJQDWLRQ VKRXOG FRPH ZLWK
HGXFDWLRQ DPRQJVW FRPPXQLWLHV OLYLQJ DURXQG WKH ZDWHU ERGLHV� 7R DGG WR WKLV� WKH 81 KDV DOVR
KLJKOLJKWHG WKH LPSRUWDQFH RI WKLV UHVRXUFH LQ WKH 81 0'*� 7KLV UHVHDUFK KDV EHHQ GRQH RQ WKH
ODNHV RI 1DLYDVKD� 1DNXUX DQG %RJRULD� 7KH DLP RI WKH UHVHDUFK KDG EHHQ WR VHH WKH HIIHFWLYHQHVV
RI WKH 0($ GRPHVWLFDWLRQ DQG DSSOLFDWLRQ DV WKH ODNHV DUH YHU\ LPSRUWDQW 5$06$5 VLWHV LQ WKH
FRXQWU\� 7KH REMHFWLYH RI WKLV VWXG\ KDG EHHQ WR GHWHUPLQH WKH OHYHO RI FRPPXQLW\ DZDUHQHVV RI
WKHVH 0($ VLWHV WKURXJK HGXFDWLRQ DQG SXEOLF DZDUHQHVV SURJUDPPHV� 7KH WKUHH VLWHV ZHUH
VHOHFWHG DV DOO DUH 5$06$5 VLWHV� $ TXHVWLRQQDLUH ZDV XVHG WR FROOHFW SHRSOH¶V UHVSRQVHV RQ
HGXFDWLRQ DQG DZDUHQHVV� WKH LQVWLWXWLRQV LQYROYHG LQ WKLV DZDUHQHVV FUHDWLRQ DQG WKH PDQDJHPHQW
DSSURDFKHV� )UHTXHQFLHV ZHUH WDEXODWHG IRU HGXFDWLRQ DQG LQVWLWXWLRQV LQ�FKDUJH RI FUHDWLQJ WKLV
DZDUHQHVV� *UDSKV DQG SLH FKDUWV ZHUH XVHG� &URVV�WDEXODWLRQ XVLQJ FKL�VTXDUH ZDV XVHG WR WHVW
WKH K\SRWKHVLV WKDW WKHUH ZDV QR GLIIHUHQFH EHWZHHQ HGXFDWLRQ DQG WKH FRPPXQLW\ DZDUHQHVV RQ
5$06$5 VLWHV LQ .HQ\D� 7KH UHVXOWV LQGLFDWHG RWKHUZLVH DQG VKRZHG WKDW WKHUH ZDV D GLIIHUHQFH
ZKHUH WKHUH ZDV HGXFDWLRQ� 7KH UHFRPPHQGDWLRQ LV WKDW FRPPXQLWLHV PXVW EH HGXFDWHG LQ RUGHU WR
VDIHJXDUG�RXU�ZHWODQGV�
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06������/DNH�HFRV\VWHP�DQG�ELRGLYHUVLW\�DVVHVVPHQW�DQG�FRQVHUYDWLRQ

.D]DQ�)HGHUDO�8QLYHUVLW\��5XVVLD

.D]DQ�)HGHUDO�8QLYHUVLW\��5XVVLD
�
.(<:25'6��=223/$1.721��%,2',9(56,7<��&$8&$686

/DNHV RI GLIIHUHQW W\SHV KDYH EHHQ LQYHVWLJDWHG RQ WKH WHUULWRU\ RI $ENKD]LD �:HVWHUQ &DXFDVXV�
LQ $XJXVW�6HSWHPEHU ���������� 7ZHOYH ODNHV ORFDWHG RQ WKH FRDVW� LQ WKH IRRWKLOOV DQG PRXQWDLQV
�XS WR DQ DOWLWXGH RI ����� P� ZHUH VWXGLHG� �� VSHFLHV KDYH EHHQ LGHQWLILHG LQ IUHVKZDWHU ODNHV�
DQG LQ VDOW � ��� 8VXDOO\� QXPEHU RI ]RRSODQNWRQ GLG QRW H[FHHG ������ LQG�P�� 7KH KLJKHVW YDOXHV
RI WKLV LQGH[ ZHUH REVHUYHG LQ IUHVKZDWHU ODNHV �XS WR ������ LQG�P� LQ /DNH %�5L]D� DQG LQ VDOW
ODNH ,QNLW ������ LQG�P��� ,Q WKH FDYH ODNHV DQG VDOW ODNHV RI ]RRSODQNWRQ DEXQGDQFH ZDV
H[WUHPHO\ ORZ� =RRSODQNWRQ ELRPDVV LQ PRVW FDVHV GLG QRW H[FHHG ��� J�P� DQG ODNHV WUHDWHG Į�
ROLJRWURSKLF W\SH� 7KH KLJKHVW ]RRSODQNWRQ ELRPDVV ZDV REVHUYHG LQ IUHVKZDWHU ODNHV� ,Q RQH RI WKH
VWXG\ SHULRG WKH ]RRSODQNWRQ ELRPDVV LQ WKH ODNH %�5LWVD UHDFKHG �� J�P�� 9HUWLFDOO\ ]RRSODQNWRQ
XQHYHQO\ GLVWULEXWHG� ,Q /DNH %� 5LWVD KLJKHVW GHQVLW\ RI ]RRSODQNWRQ ZDV REVHUYHG LQ WKH HSL�DQG
PHWDOLPQLRQ� DQG ELRPDVV � LQ WKH HSLOLPQLRQ ���� P�� ,Q ODNHV 0� 5L]D DQG $PWNHO KLJKHVW GHQVLW\
ZDV LQ WKH K\SROLPQLRQ� ,Q VDOW ODNH 6NXUFKD ]RRSODQNWRQ LV FRQFHQWUDWHG LQ WKH VXUIDFH OD\HUV RI
ZDWHU WKDW LV GXH WR ODFN RI R[\JHQ �������� LQ WKH ZDWHU FROXPQ DQG WKH SUHVHQFH RI K\GURJHQ
VXOILGH� 7KXV� ODNHV RI $ENKD]LD DUH GLYHUVH E\ W\SRORJ\ DQG UHTXLUH IXUWKHU VWXG\ ZKLFK ZLOO
FRPSOHPHQW�WKH�UHVXOWV�RI�WKH�VWXGLHV�
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06������/DNH�HFRV\VWHP�DQG�ELRGLYHUVLW\�DVVHVVPHQW�DQG�FRQVHUYDWLRQ

,QGLDQ�,QVWLWXWH�RI�7HFKQRORJ\�5RRUNHH��,QGLD
�
.(<:25'6��%,2',9(56,7<��&216(59$7,21��/$.(

7KH ZHWODQG RI .XVKHVKZDU $VWKDP� ORFDOO\ FDOOHG 1DUDLO &KDXU� OLHV LQ WKH GLVWULFW RI 'DUEKDQJD LQ
%LKDU 6WDWH �,QGLD�� ,W LV DERXW ���� KHFWDUHV LQ DUHD DQG LV DERXW � PHWUHV GHHS LQ WKH FHQWUDO SDUW�
5DLQ DQG RYHUIORZ RI WKH ORFDO ULYHUV DUH WKH PDLQ VRXUFHV RI LWV ZDWHU� 7KLV UHJLRQ SUHVHQWV
EHDXWLIXO ODQGVFDSH DQG ULFK ELRGLYHUVLW\� ,W LV RQH RI WKH EHVW ODNHV LQ 1RUWK ,QGLD� 7KH ODNH LV ULFK LQ
ILVK OLIH DQG LV YLVLWHG E\ ODUJH QXPEHU PLJUDWRU\ ELUGV HYHU\ ZLQWHU �2FWREHU WR 'HFHPEHU��
'ROSKLQV DQG WRUWRLVHV DUH DOVR IRXQG� 7KH *RYHUQPHQW RI %LKDU ULJKWO\ GHFODUHG WKH ODNH DV D ELUG
VDQFWXDU\ LQ ���� EXW ELUG SUH\LQJ GLG QRW VWRS� 7KH ODNH LV WKUHDWHQHG E\ PDQ\ LOOV� 7KH ODNH LV
GUDLQHG RXW IRU UHFODLPLQJ ODQG IRU DJULFXOWXUH DQG LUULJDWLRQ� &OLPDWH FKDQJH LV DQRWKHU SRWHQWLDO
WKUHDW� $Q DQDO\WLFDO VWXG\ RI ORQJ�WHUP ����������� WHPSHUDWXUH DQG UDLQIDOO GDWD RI 'DUEKDQJD�
DERXW �� NLORPHWUHV IURP WKH ODNH� GRQH E\ WKH DXWKRU LQGLFDWHG WKDW WKH WHPSHUDWXUH LQ WKH UHJLRQ
DSSUR[LPDWHO\ LQFUHDVHG DW WKH UDWH RI �������& DQG �������& SHU DQQXP GXULQJ ��������� DQG
��������� UHVSHFWLYHO\ DQG UDLQIDOO GHFUHDVHG DW WKH UDWH RI ������PP DQG �����PP SHU DQQXP
UHVSHFWLYHO\ GXULQJ WKH WZR SHULRGV� 7KLV LV D GDQJHU VLJQDO LQGLFDWLQJ VFDUFLW\ RI ZDWHU LQ IXWXUH� $
VXLWDEOH PDQDJHPHQW VWUDWHJ\ VKRXOG EH GHYLVHG DQG LPSOHPHQWHG ZLWKRXW GHOD\� 7KH ODNH VKRXOG
EH�OLVWHG�DV�D�5DPVDU�VLWH�ZKLFK�LQ�WXUQ�ZRXOG�KHOS�LQ�LWV�FRQVHUYDWLRQ�DQG�LPSURYHPHQW�
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06������/DNH�HFRV\VWHP�DQG�ELRGLYHUVLW\�DVVHVVPHQW�DQG�FRQVHUYDWLRQ

3ULQFH�RI�6RQJNOD�8QLYHUVLW\��7KDLODQG

)DFXOW\�RI�1DWXUDO�5HVRXUFHV��3ULQFH�RI�6RQJNOD�8QLYHUVLW\��7KDLODQG
�
.(<:25'6��7+$,/$1'��/,012/2*,&$/�&21',7,216��),6+�2)�2;%2:�/$.(

+DQ 'XP LV D SHUPDQHQW R[ERZ�ODNH� ORFDWHG LQ WKH 7DSL 5LYHU IORRGSODLQ� VRXWK 7KDLODQG�
7HPSRUDO FKDQJHV LQ WKH ZDWHU FKHPLFDO SDUDPHWHUV ZHUH LQYHVWLJDWHG LQ WKH +DQ 'XP R[ERZ�ODNH
DQG FRPSDUHG ZLWK WKDW RI WKH DGMDFHQW PDLQ ULYHU FKDQQHO LQ ���������� 7KH R[ERZ�ODNH ZDWHU
ZDV QRW VLJQLILFDQWO\ GLIIHUHQW IURP WKDW RI WKH PDLQ ULYHU ZLWK UHJDUGV WR FRQFHQWUDWLRQV RI 72&�
721� 1LWUDWH� 6LOLFDWH DQG 3KRVSKDWH� 7KH FRQFHQWUDWLRQ RI LRQV LQ WHUPV RI FRQGXFWLYLW\� DONDOLQLW\�
S+� DV ZHOO DV� 7,& DQG '2 ZHUH ORZHU LQ WKH R[ERZ�ODNH WKDQ LQ WKH PDLQ FKDQQHO� 7KH
GLIIHUHQFHV EHWZHHQ WKH PDLQ FKDQQHO DQG R[ERZ�ODNH GHFUHDVHG ZLWK LQFUHDVLQJ ULYHU GLVFKDUJH�
7KHUH ZHUH PRUH WKDQ �� ILVK VSHFLHV LQ �� IDPLOLHV FROOHFWHG� GRPLQDWHG E\ FDUSV LQ WKH IDPLO\
&\SULQLGDH� 7KH ILVK DVVHPEODJH VWUXFWXUH ZDV FRPSDUHG DPRQJ WKH K\GURORJLFDO SKDVH RI SUH�
IORRGLQJ� PLQRU DQG PDMRU IORRG DQG SRVW�IORRGLQJ� 7KHUH ZDV D GHFUHDVH LQ DEXQGDQFH GXULQJ WKH
ORQJ IORRG SXOVH DORQJ ZLWK WKH RFFXUUHQFH RI SLVFLYRUHV� )LVK SRSXODWLRQV ZHUH VKRZQ WR EH VORZO\
UHFRYHUHG LQ HDUO\ SKDVH RI PLQRU IORRGLQJ SXOVH� 6SHFLHV ULFKQHVV DQG DVVHPEODJH FRPSRVLWLRQ
RI�R[ERZ�ODNH�ILVKHV�ZHUH�UHODWHG�GLUHFWO\�WR�IORRG�SXOVH�DQG�SRWHQWLDO�FRQQHFWLYLW\�
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06������/DNH�HFRV\VWHP�DQG�ELRGLYHUVLW\�DVVHVVPHQW�DQG�FRQVHUYDWLRQ

*UDGXDWH�6FKRRO��5HVHDUFK�&HQWHU�IRU�1DWXUDO�DQG�$SSOLHG�6FLHQFHV��8QLYHUVLW\�RI�6DQWR�7RPDV��6DPSDORF�
0DQLOD��3KLOLSSLQHV

*UDGXDWH�6FKRRO��8QLYHUVLW\�RI�6DQWR�7RPDV��6DPSDORF��0DQLOD��3KLOLSSLQHV

6FKRRO�RI�(QYLURQPHQWDO�6FLHQFH��8QLYHUVLW\�RI�6KLJD�3UHIHFWXUH��+LNRQH��-DSDQ�

'HSDUWPHQW�RI�%LRORJLFDO�6FLHQFHV��&ROOHJH�RI�6FLHQFH��8QLYHUVLW\�RI�6DQWR�7RPDV��6DPSDORF��0DQLOD�
3KLOLSSLQHV

&HQWHU�IRU�5HVHDUFK�DQG�'HYHORSPHQW��$QJHOHV�8QLYHUVLW\�)RXQGDWLRQ��$QJHOHV�&LW\��3DPSDQJD��3KLOLSSLQHV

*UDGXDWH�6FKRRO��5HVHDUFK�&HQWHU�IRU�1DWXUDO�DQG�$SSOLHG�6FLHQFHV��'HSDUWPHQW�RI�%LRORJLFDO�6FLHQFHV�
8QLYHUVLW\�RI�6DQWR�7RPDV��6DPSDORF��0DQLOD��3KLOLSSLQHV
�
.(<:25'6��*$675232'6��&(5&$5,$��$&$17+2&(3+$/$16

*DVWURSRGV FRPSULVH ��� RI WKH VSHFLHV EHORQJLQJ WR 3K\OXP 0ROOXVFD� PDNLQJ LW WKH PRVW
GLYHUVH FODVV ZLWK IDPLOLHV LQKDELWLQJ PDULQH� WHUUHVWULDO DQG IUHVKZDWHU HFRV\VWHPV� 2I WKHVH�
IUHVKZDWHU JDVWURSRGV DUH WKH OHDVW VWXGLHG GXH WR WKH GXOOQHVV RI WKHLU SK\VLFDO DWWULEXWHV� DOWKRXJK
LWV HFRORJLFDO LPSRUWDQFH LQ WKH WUDQVPLVVLRQ RI WKH OLIH F\FOH RI GLJHQHWLF WUHPDWRGHV FDQQRW EH
GHQLHG� 7KLV UHPDLQV WR EH WKH FDVH LQ WKH 3KLOLSSLQHV ZKHUH XSGDWHV RQ WKH ELRORJ\ RI IUHVKZDWHU
JDVWURSRGV DQG LWV UROH DV LQWHUPHGLDWH KRVW WR WUHPDWRGHV DUH ODFNLQJ� ,Q RUGHU WR DGGUHVV WKLV
LVVXH� WKLV VWXG\ DLPHG WR LGHQWLI\ DQG FODVVLI\ WKH JDVWURSRGV SUHVHQW� WKURXJK WKRURXJK
H[DPLQDWLRQ RI WKHLU UDGXOD� VKHOO� DQG GLJHVWLYH V\VWHP� DV ZHOO DV WR GHWHUPLQH WKHLU UROH DV
LQWHUPHGLDWH KRVW WR GLJHQHWLF WUHPDWRGHV WKDW DUH IRXQG LQ WKH ILVKHV LQ WKH WKUHH PDMRU
DTXDFXOWXUH ODNHV LQ /X]RQ ,V�� 3KLOLSSLQHV QDPHO\ /DNH 7DDO� /DNH 6DPSDORF� DQG /DJXQD GH %D\�
7KH JDVWURSRGV XQGHUZHQW FHUFDULDO HPHUJHQFH WKURXJK OLJKW VWLPXODWLRQ WR GHWHUPLQH WKH FHUFDULD
DQG WKH JDVWURSRG VSHFLHV IURP ZKLFK LW KDG VKHG IURP� 3DUDVLWRIDXQD RI WKH ILVKHV LQ WKH WKUHH
ODNHV ZHUH DOVR VXUYH\HG� 2EVHUYDWLRQV RQ VHYHUDO SK\VLFDO DQG ELRORJLFDO FKDUDFWHULVWLFV RI WKH
VDPSOLQJ VLWHV ZHUH DOVR QRWHG� $ WRWDO RI �� ��� VDPSOHV ZHUH REWDLQHG DQG �� VSHFLHV ZHUH
LGHQWLILHG LQKDELWLQJ WKH WKUHH ODNHV� ZLWK 7DUHELD JUDQLIHUD GRPLQDWLQJ WKH WKUHH ODNHV ZKLFK
FRPSULVHG ��� RI WKH WRWDO VDPSOHV REWDLQHG� 7KH OHDVW REVHUYHG JDVWURSRG VSHFLHV LQ WKH ODNHV
ZDV D SODQRUELG VQDLO� ,QGRSODQRUELV H[XVWXV ZKLFK RQO\ FRPSULVHG ����� RI WKH VDPSOHV REWDLQHG�
7KLV VWXG\ KDV EHHQ DEOH WR HVWDEOLVK � QHZ UHFRUGV� WKUHH DUH LQWURGXFHG� IRU WKH WKUHH ODNHV ZLWK
WKH SRVVLELOLW\ RI LGHQWLI\LQJ D QRYHO VSHFLHV� :H LQFXEDWHG ��� RI WKH VSHFLPHQV DQG KDG GHWHFWHG
FHUFDULD IURP RQO\ �� JDVWURSRGV �)DPLO\ 7KLDULGDH DQG 3ODQRUELGDH�� SURGXFLQJ ���� SUHYDOHQFH�
$PRQJ WKH ILYH 6SHFLHV RI FHUFDULD LGHQWLILHG� WZR EHORQJ WR WKH WUHPDWRGH )DPLOLHV RI
&U\SWRJRQ\PLGDH DQG 1RWRFRW\OLGDH� QRWLQJ D QHZ UHFRUG IRU WKH 3KLOLSSLQHV� /DVWO\� WKH
SDUDVLWRIDXQD RI ILVKHV ZHUH VXUYH\HG IURP WKH ��� ILVKHV LQ DOO WKH WKUHH ODNHV� )LVK GLVVHFWLRQV
UHYHDOHG PDQ\ VSHFLHV RI ILVK SDUDVLWHV� HFWR�SDUDVLWHV VXFK DV PRQRJHQHDQV� ELYDOYHV� DQG
FRSHSRGV� DQG HQGR�SDUDVLWHV VXFK DV FHVWRGHV� QHPDWRGHV� GLJHQHDQV DQG DFDQWKRFHSKDODQV�
$FDQWKRFHSKDOD FRPSRVH WKH EXON �a���� RI DOO SDUDVLWHV UHWULHYHG� 7KLV VWXG\ VKRZV KRZ
JDVWURSRG GLYHUVLW\ LQ WKHVH WKUHH PDMRU ODNHV KDYH DOUHDG\ EHHQ LPSDFWHG E\ FKDQJHV LQ ZDWHU
TXDOLW\ DQG WKH LQWURGXFWLRQ RI QRQ�QDWLYH VSHFLHV ZKLFK PD\ KDYH LPSOLFDWLRQV RQ RYHU�DOO
HFRV\VWHP KHDOWK JLYHQ WKH UROH RI JDVWURSRGV DV PDMRU SUH\ LWHPV� ILVKHULHV FRPPRGLW\ DQG DV
ILQDO RU LQWHUPHGLDWH KRVWV RI SDUDVLWHV� 7KH ORZ SUHYDOHQFH RI FHUFDULD� RQ WKH RWKHU KDQG�
FRQIRUPV WR WKH QDWXUDO GLVWULEXWLRQ RI WKHVH KHOPLQWK SDUDVLWHV UHFRUGHG LQ UHFHQW VFLHQWLILF
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OLWHUDWXUH� +HQFH� WKLV VWXG\ FRQWULEXWHV WR WKH NQRZOHGJH RQ WKH ELRGLYHUVLW\ RI WKH WKUHH ODNHV DQG
SRVVLEO\��WKH�HQWLUH�3KLOLSSLQHV�
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06������/DNH�HFRV\VWHP�DQG�ELRGLYHUVLW\�DVVHVVPHQW�DQG�FRQVHUYDWLRQ

8QLYHUVLWL�6DLQV�0DOD\VLD��0DOD\VLD

8QLYHUVLW\�RI�$GHODLGH��$XVWUDOLD

8QLYHUVLW\�RI�$GHODLGH��$XVWUDOLD
�
.(<:25'6��=223/$1.721���6287+�3$5$�5(6(592,5��527,)(5$

=RRSODQNWRQ VDPSOHV KDYH EHHQ FROOHFWHG IURP 6RXWK 3DUD 5HVHUYRLU ZKLFK LV D ZDWHU VWRUDJH WKDW
VXSSOLHV GULQNLQJ ZDWHU WR WKH VRXWKHUQ PHWURSROLWDQ DUHD RI $GHODLGH� 6RXWK $XVWUDOLD� 7KH VWXG\
ZDV FDUULHG RXW LQ RUGHU WR SURYLGH WKH HDUOLHVW LQIRUPDWLRQ RQ ]RRSODQNWRQ FRPPXQLW\ LQ WKH
GULQNLQJ ZDWHU UHVHUYRLU� 2YHU WKH �� PRQWKV RI WKH VWXG\� D WRWDO RI �� WD[D RI ]RRSODQNWRQ ZHUH
UHFRUGHG� 5RWLIHUD ZDV WKH PRVW GLYHUVH JURXS� DFFRXQWLQJ IRU �� WD[D IROORZHG E\ &ODGRFHUD DQG
&RSHSRGD ZLWK � DQG � WD[D UHVSHFWLYHO\� ,Q WHUPV RI GHQVLW\� FRSHSRGV ZHUH GRPLQDQW WD[RQRPLF
JURXS UHSUHVHQWLQJ ��� RI WKH WRWDO GHQVLW\ ZKLOH FODGRFHUDQV ZHUH DURXQG ��� RYHU WKH ZKROH
VWXG\ SHULRG� 5RWLIHUV ZHUH WKH OHDVW SUHYDOHQW RI WRWDO GHQVLW\ ����� HYHQ WKRXJK LW EHFDPH
LPSRUWDQW LQ UHODWLRQ WR WRWDO WD[D QXPEHU� 7KH &ODGRFHUD JURXS LQ 6RXWK 3DUD 5HVHUYRLU ZDV
GRPLQDWHG E\ 'DSKQLD OXPKROW]L DQG &HULRGDSKQLD FI� TXDGUDQJXOD ZKLOH 5RWLIHUD ZDV GRPLQDWHG
E\ $VSODQFKQD SULRGRQWD DQG 3RO\DUWKUD GROLFKRSWHUD� &RSHSRGD ZHUH GRPLQDWHG E\ F\FORSRLG
0LFURF\FORSV VS� DQG FDODQRLG &DODPRHFLD DPSXOOD� PDNLQJ XS WKH ODUJHVW SRUWLRQ RI WRWDO
]RRSODQNWRQ GHQVLW\� 3K\VLFDO DQG FKHPLFDO FRQGLWLRQV RI WKH ZDWHU LQFOXGLQJ ZDWHU WHPSHUDWXUH�
R[\JHQ FRQFHQWUDWLRQ� DV ZHOO DV FRQFHQWUDWLRQV RI QXWULHQWV PLJKW FRQWULEXWH WR WKH GLIIHUHQFHV LQ
]RRSODQNWRQ�FRPSRVLWLRQ�
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06������/DNH�HFRV\VWHP�DQG�ELRGLYHUVLW\�DVVHVVPHQW�DQG�FRQVHUYDWLRQ

8QLYHUVLWL�6DLQV�0DOD\VLD��0DOD\VLD

8QLYHUVLWL�6DLQV�0DOD\VLD��0DOD\VLD

8QLYHUVLWL�6DLQV�0DOD\VLD��0DOD\VLD

8QLYHUVLWL�6DLQV�0DOD\VLD��0DOD\VLD

5HVHDUFK�&HQWUH�IRU�/LPQRORJ\��,QGRQHVLDQ�,QVWLWXWH�RI�6FLHQFHV��,QGRQHVLD

8QLYHUVLWL�6DLQV�0DOD\VLD��0DOD\VLD

8QLYHUVLWL�6DLQV�0DOD\VLD��0DOD\VLD
�
.(<:25'6��3+<723/$1.721�&20081,7<��%,2',9(56,7<��:(('�,1)(67$7,21

0DQLQMDX /DNH DQG 6LQJNDUDN /DNH DUH ERWK QDWXUDO ODNHV ZKLFK IXQFWLRQ WR JHQHUDWH K\GURHOHFWULF
SRZHU� 6LWXDWHG LQ WKH :HVW 6XPDWHUD� ,QGRQHVLD� WKH\ DUH VXUURXQGHG E\ OX[XULRXV JUHHQHU\ DQG
RIIHU WKH LGHDO JHWDZD\ IURP KXVWOH DQG EXVWOH RI FLW\ OLIH� %DVLF HFRORJLFDO LQIRUPDWLRQ LV QHFHVVDU\
LQ RUGHU WR PDLQWDLQ WKH VXVWDLQDELOLW\ RI WKH ODNHV� 'DWD UHJDUGLQJ WKH ELRGLYHUVLW\ RI SODQNWRQ DUH
HVVHQWLDO WR GHYHORS D ZLVH PDQDJHPHQW SODQ� $QDO\VLV RI SK\WRSODQNWRQ ELRGLYHUVLW\ LQ WKH ODNHV
QHHGV WR EH FRQGXFWHG DV LWV VWDWXV FDQ IXUWKHU EH LGHQWLILHG KHQFH SUHYHQWLQJ ZDWHU TXDOLW\
GHWHULRUDWLRQ� 7KHVH ODNHV WHQG WR IDFH JOREDO SUREOHPV VXFK DV DOJDO EORRP �0LFURF\VWLV VS� DQG
ZHHG LQIHVWDWLRQ �(LFKKRUQLD FUDVVLSHV�� 7KH QHHG WR DQDO\]H WKH GLVWULEXWLRQ RI DOJDH LV LPSRUWDQW
DV VWDWXV RI ODNH ZDWHU FDQ EH LQGLFDWHG EDVHG RQ WKH VSHFLHV LGHQWLILHG� 7KH FKDUDFWHULVWLFV RI WKH
ODNH UHSUHVHQWHG WKH SK\WRSODQNWRQ FRPPXQLW\ GLVWULEXWHG LQ WKH ZDWHU ERG\� $ SUHOLPLQDU\ VXUYH\
ZDV FRQGXFWHG LQ ERWK ODNHV� 3K\WRSODQNWRQ VDPSOHV DUH WDNHQ IURP WKUHH VDPSOLQJ SRLQWV� ERWK LQ
0DQLQMDX DQG 6LQJNDUDN /DNH� )RXUW\ OLWUH RI ZDWHU LV ILOWHUHG WKURXJK :LVFRQVLQ SODQNWRQ QHW ZLWK
�� �P PHVK�VL]H WR FROOHFW WKH SK\WRSODQNWRQ VDPSOH EHORZ WKH VXUIDFH� /XJRO LV XVHG WR SUHVHUYH
WKH VDPSOHV� /LYH VDPSOHV DUH DOVR FROOHFWHG DQG FXOWXUHG RQ DJDU PHGLD �%%0 DQG %*�,,��
7KHUHIRUH� WKLV FRPSDUDWLYH VWXG\ LV FDUULHG RXW WR LGHQWLI\ WKH VWDWXV RI /DNH 0DQLQMDX DQG /DNH
6LQJNDUDN� 0RUHRYHU� LQ DGGLWLRQ WR SURYLGLQJ D FOHDQ ZDWHU VRXUFH WR KXPDQ� WKH ELRGLYHUVLW\ RI WKH
IORUD DQG IDXQD IRXQG ZLWKLQ WKLV DUHD QHHGV WR EH SUHVHUYHG DQG FRQVHUYHG WR VXSSRUW WKH
LPSRUWDQW�HFRV\VWHP�RI�QDWXUH�
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06������/DNH�HFRV\VWHP�DQG�ELRGLYHUVLW\�DVVHVVPHQW�DQG�FRQVHUYDWLRQ

8QLYHUVLWL�6DLQV�0DOD\VLD��0DOD\VLD

8QLYHUVLW\�RI�6XPDWHUD�8WDUD��,QGRQHVLD

,QGRQHVLDQ�,QVWLWXWH�RI�6FLHQFHV��,QGRQHVLD

8QLYHUVLWL�6DLQV�0DOD\VLD��,QGRQHVLD

8QLYHUVLWL�6DLQV�0DOD\VLD��,QGRQHVLD

,QGRQHVLDQ�,QVWLWXWH�RI�6FLHQFHV��,QGRQHVLD

8QLYHUVLWL�6DLQV�0DOD\VLD��0DOD\VLD
�
.(<:25'6��0$1,1-$8�/$.(��)/2$7,1*�&$*(�&8/785(6��(&2120,&�9$/8(

:LWK WKH VXUIDFH DUHD RI ������ KD� 0DQLQMDX /DNH LV WKH VHFRQG ODUJHVW ODNH LQ :HVW 6XPDWUD DIWHU
6LQJNDUDN /DNH� 7KH ORFDO FRPPXQLWLHV DURXQG 0DQLQMDX /DNH KDYH XVHG WKLV ODNH DV SRWHQWLDO
PDMRU VRXUFH RI OLYHOLKRRG� 7KLV FDOGHUD ODNH FRQVWLWXWHV D VRXUFH RI ZDWHU WR ORFDO SHRSOH DV PRVW
RI WKHP HQJDJLQJ LQ DJULFXOWXUH DQG DTXDFXOWXUH DFWLYLWLHV� 0DQLQMDX /DNH KDUERXUV DQ HQGHPLF ILVK
VSHFLHV� 5LQXDN 3VLORSVLV VS� 7KLV WLQ\ ILVK SRSXODWLRQ DUH ZLGHO\ GLVWULEXWHG LQ 0DQLQMDX /DNH�
)URP WKH SHUVRQDO FRPPXQLFDWLRQV ZLWK WKH ORFDO SHRSOH� WKH\ XVHG WR FDWFK WKH ILVK DSSUR[LPDWHO\
���� WRQ�GD\ EHIRUH� 7KH ORFDO FRPPXQLWLHV KDYH DOVR HVWDEOLVKHG WKH IORDWLQJ FDJH FXOWXUHV RU
NQRZQ DV ³NDUDPED¶ DURXQG WKH HGJH RI WKH ODNHVKRUHV� 0RVW RI WKH ILVK FXOWXUHG DUH 1LOH 7LODSLD
2UHRFKURPLV QLORWLFXV DQGFRPPRQ FDUS &\SULQLXV FDSULR� 7R GDWH� WKHUH DUH DSSUR[LPDWHO\ �����
XQLWV RI IORDWLQJ FDJH FXOWXUHV ZLWK ��P��XQLW� $ SUHOLPLQDU\ VXUYH\ KDV EHHQ FRQGXFWHG LQ
0DQLQMDX /DNH E\ LQWHUYLHZLQJ FDVXDOO\ �� SXEOLF UHVSRQGHQWV WKDW RZQ WKH ILVK FDJHV ZLWK ��
TXHVWLRQV� $SSDUHQWO\� WKH \LHOGV IURP WKHVH IORDWLQJ FDJH FXOWXUHV KDYH FRQWULEXWHG JUHDWO\ WR WKH
HFRQRPLHV RI WKH ORFDO FRPPXQLWLHV� 7KH HFRQRPLF OHYHO RI WKH FRPPXQLW\ KDV EHHQ LQFUHDVLQJ
VXEVHTXHQWO\ IRU WKH ODVW WHQ \HDUV� +RZHYHU� WKH FDJH FXOWXUHV FDQ KDYH FHUWDLQ GUDZEDFN
HVSHFLDOO\ ZKHQ WKH QXPEHU RI ILVK FDJH LV RYHU WKH FDUU\LQJ FDSDFLW\ �&&� RI WKH ODNH� 7KHUH DUH
UHJXODWLRQV LQ SUHYHQWLQJ WKLV SKHQRPHQRQ� 7KHUHIRUH� WKH FDUU\LQJ FDSDFLW\ RI 0DQLQMDX /DNH
VKRXOG EH FDOFXODWHG WR WDOO\ ZLWK WKH OLIH VSDQ RI WKLV ODNH DQG VLPXOWDQHRXVO\ FRXOG EHQHILW KLJK LI
WKH�IORDWLQJ�FDJH�FXOWXUHV�DUH�SUDFWLFHG�VXVWDLQDEO\�DQG�PDQDJHG�SURSHUO\��
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'LSDUWLPHQWR�GL�6FLHQ]H�$JUDULH��$OLPHQWDUL�HG�$PELHQWDOL��8QLYHUVLWj�GHJOL�6WXGL�GL�3HUXJLD��,WDO\

'LSDUWLPHQWR�GL�&KLPLFD��%LRORJLD��%LRWHFQRORJLH��8QLYHUVLWj�GHJOL�6WXGL�GL�3HUXJLD��,WDO\

'LSDUWLPHQWR�GL�&KLPLFD��%LRORJLD�H�%LRWHFQRORJLH��8QLYHUVLWj�GHJOL�6WXGL�GL�3HUXJLD��,WDO\

'LSDUWLPHQWR�GL�&KLPLFD��%LRORJLD�H�%LRWHFQRORJLH��8QLYHUVLWj�GHJOL�6WXGL�GL�3HUXJLD��,WDO\

'LSDUWLPHQWR�GL�&KLPLFD��%LRORJLD�H�%LRWHFQRORJLH��8QLYHUVLWj�GHJOL�6WXGL�GL�3HUXJLD��,WDO\

'LSDUWLPHQWR�GL�6FLHQ]H�$JUDULH��$OLPHQWDUL�HG�$PELHQWDOL��8QLYHUVLWj�GHJOL�6WXGL�GL�3HUXJLD��,WDO\
�
.(<:25'6��3��$8675$/,6��&2/),25,72�0$6+(6��75$',7,21$/�&8/7,9$7,21

$Q LQFUHDVLQJ DWWHQWLRQ RI FRQVXPHUV WR WKH W\SLFDO SURGXFWV DQG ORFDO YDULHWLHV ZDV SDLUHG� LQ WKH
ODVW \HDUV� WR WKH ZLOO RI WKH (XURSHDQ FRPPXQLW\ WR SURPRWH� WKURXJK D QHZ V\VWHP RI ILQDQFH�
VXVWDLQDEOH IRRG SURGXFWLRQ DQG SURSHU PDQDJHPHQW RI QDWXUDO UHVRXUFHV DQG WHUULWRU\� 7KHVH
DVVXPSWLRQV UHTXLUH WR LPSURYH WKH NQRZOHGJH RI WKH HQYLURQPHQW DQG LWV OLQN ZLWK WKH DJULFXOWXUDO
SUDFWLFHV� HVSHFLDOO\ LQ UHJLRQV OLNH 8PEULD SDUWLFXODUO\ VXLWHG WR WUDGLWLRQDO DJULFXOWXUH� ,Q WKLV
FRQWH[W� WKH DLP RI RXU UHVHDUFK ZDV WR YHULI\� LQ WKH ³3LDQL GL &ROILRULWR´ �&ROILRULWR 0DUVKHV�� D YHU\
LPSRUWDQW VLWH IURP ERWK WKH HQYLURQPHQWDO DQG HFRQRPLF SRLQW RI YLHZ� WKH LPSDFW RI DJULFXOWXUDO
SUDFWLFHV� OLQNHG WR ORFDO FURSV� RQ WKH VXUURXQGLQJ QDWXUDO HFRV\VWHP LQ RUGHU WR YHULI\ WKHLU
HQYLURQPHQWDO VXVWDLQDELOLW\� :H FRPSDUHG VRPH SODQW WUDLWV RI &ROILRULWR 0DUVKHV ZLWK XSVWUHDP
DUHDV FKDUDFWHUL]HG E\ GLIIHUHQW TXDQWLWDWLYH DQG TXDOLWDWLYH DJULFXOWXUDO PDQDJHPHQW� 7KLV
FRPSDULVRQ ZDV PDGH XVLQJ DV D ELR�LQGLFDWRU WKH FRPPRQ UHHG �3KUDJPLWHV DXVWUDOLV�� ,Q
UHVHDUFK FDUULHG RXW LQ GLIIHUHQW VLWHV RI WKH FORVH /DNH 7UDVLPHQR� UHHG�GRPLQDWHG HFRV\VWHPV
KDV SURYHQ WR EH YHU\ XVHIXO LQGLFDWRUV WR KLJKOLJKW WKH HIIHFWV RI DQWKURSLF LQWHUYHQWLRQ� :H
LQYHVWLJDWHG WKH TXDOLW\ RI VWDWLRQV RI 3� DXVWUDOLV WKURXJK IORULVWLF� YHJHWDWLRQDO DQG PRUSKRORJLFDO
DQDO\VLV� $QDWRPLFDO DQG F\WR�KLVWRORJLFDO VWXGLHV ZHUH FDUULHG RXW LQ UKL]RPHV DQG URRWV DQG WKH
DFFXPXODWLRQ RI VWDUFK ZDV DOVR FRQVLGHUHG� D YHU\ XVHIXO SDUDPHWHU IRU LGHQWLI\LQJ WKH KHDOWK
VWDWXV�RI�UHHG�SODQWV�
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06������/DNH�HFRV\VWHP�DQG�ELRGLYHUVLW\�DVVHVVPHQW�DQG�FRQVHUYDWLRQ

,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK��(QYLURQPHQW�	�3ULPDU\�3UHYHQWLRQ�'HSW��(QYLURQPHQWDO�4XDOLW\�DQG
)LVKIDUP�8QLW��,WDO\

,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK��(QYLURQPHQW�	�3ULPDU\�3UHYHQWLRQ�'HSW��(QYLURQPHQWDO�4XDOLW\�DQG
)LVKIDUP�8QLW��,WDO\

7XVFLD�8QLYHUVLW\��,WDO\

,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK��(QYLURQPHQW�	�3ULPDU\�3UHYHQWLRQ�'HSW��(QYLURQPHQWDO�4XDOLW\�DQG
)LVKIDUP�8QLW��,WDO\

,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK��(QYLURQPHQW�	�3ULPDU\�3UHYHQWLRQ�'HSW��(QYLURQPHQWDO�4XDOLW\�DQG
)LVKIDUP�8QLW��,WDO\

,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK��(QYLURQPHQW�	�3ULPDU\�3UHYHQWLRQ�'HSW��(QYLURQPHQWDO�4XDOLW\�DQG
)LVKIDUP�8QLW��,WDO\

(QYLURQPHQWDO�SURWHFWLRQ�DJHQF\��$53$�/D]LR���,WDO\

7XVFLD�8QLYHUVLW\��,WDO\
�
.(<:25'6��0$&523+<7(6��6+25(=21(�)81&7,21$/,7<��3527(&7('�$5($

7KH SURWHFWHG DUHD RI /DJR /XQJR DQG 5LSDVRWWLOH LV RQH RI 3DUNV DQG 1DWXUDO SURWHFWHG DUHDV RI
/DWLXP� ORFDWHG LQ WKH 9HOLQR YDOOH\� FUHDWHG WR SUHVHUYH WKHVH ZHWODQG DQG WKHLU IORUD DQG IDXQD�
7KH VXUURXQGLQJ DUHDV RI WKH WZR ODNHV DUH GHGLFDWHG WR DJULFXOWXUDO DFWLYLWLHV ZKLFK FDQ UHSUHVHQW
D ULVN IRU WKHVH HFRV\VWHPV� 7KH DLP RI WKH VWXG\ ZDV WR DVVHVV WKH HQYLURQPHQWDO TXDOLW\ RI WKH
/XQJR DQG 5LSDVRWWLOH ODNHV E\ LQYHVWLJDWLQJ DTXDWLF FRPPXQLWLHV� VXFK DV WKH PDFURSK\WHV� DQG
K\GURPRUSKRORJLFDO IXQFWLRQDOLW\� 0DFURSK\WHV VDPSOLQJ ZDV SHUIRUPHG DFFRUGLQJ WR VWDQGDUG
SURFHGXUHV� 6KRUH]RQH )XQFWLRQDOLW\ LQGH[ �6),� ZDV DSSOLHG WR HYDOXDWH K\GURPRUSKRORJLFDO
DOWHUDWLRQV� 7KH UHVXOWV RI WKLV VWXG\ VKRZ WKDW PDFURSK\WHV FRORQL]H RQO\ WKH ULSDULDQ ]RQH DQG WKH
ILUVW PHWHUV RI WKH ZDWHU � LQ WKH FHQWUDO DQG GHHSHU ]RQHV SUHVHQWHG KLJK WXUELGLW\ DQG VLOW � FOD\
VXEVWUDWH� 7UDQVSDUHQF\� FKORURSK\OO DQG EDVH SDUDPHWHUV RXWOLQH D QRW JRRG (QYLURQPHQWDO
4XDOLW\ 6WDWXV� 6HGLPHQW DQDO\VLV LQ /XQJR ODNH VKRZV DEXQGDQFH RI RUJDQLF PDWWHU� ,Q /XQJR ODNH
LW ZDV IRXQG 1\PSKDHD DOED /�� D VSHFLHV UDUHO\ IRXQG LQ RWKHU DTXDWLF HFRV\VWHP RI /DWLXP
UHJLRQ� 7KLV VSHFLHV ZDV DVVRFLDWHG ZLWK 1XSKDU OXWHDH /��3KUDJPLWHV DXVWUDOLV /DP� UHSUHVHQWV
PRVW RI PDFURSK\WH FRYHUDJH RI WKH ULSDULDQ ]RQH RI ERWK /XQJR ODNH DQG 5LSDVRWWLOH
ODNH�6KRUH]RQH IXQFWLRQDOLW\ UHVXOWHG JRRG IRU WKH WZR ODNHV� WKXV LQGLFDWLQJ WKDW WKH ULSDULDQ ]RQH
UHSUHVHQWV DQ LPSRUWDQW EXIIHU IRU UXQ RII DQG OHDFKLQJ GHULYHG E\ KXPDQ DFWLYLWLHV� DQ\ZD\� WKH
H[WHQVLRQ RI KXPLG ELRWRSHV �ZHW PHDGRZV DQG WUHHV� DQG WKH HFRORJLF QHWZRUN DUH WRR ZHDN IRU
ELRGLYHUVLW\�SUHVHUYDWLRQ�
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06������/DNH�HFRV\VWHP�DQG�ELRGLYHUVLW\�DVVHVVPHQW�DQG�FRQVHUYDWLRQ

'HSDUWPHQW�RI�&KHPLVWU\��%LRORJ\�DQG�%LRWHFKQRORJ\��8QLYHUVLW\�RI�3HUXJLD��,WDO\

'HSDUWPHQW�RI�/LIH�6FLHQFHV��8QLYHUVLW\�RI�6LHQD��,WDO\

'HSDUWPHQW�RI�%RWDQ\�DQG�=RRORJ\��0DVDU\N�8QLYHUVLW\��%UQR��&]HFK�5HSXEOLF

'HSDUWPHQW�RI�&KHPLVWU\��%LRORJ\�DQG�%LRWHFKQRORJ\��8QLYHUVLW\�RI�3HUXJLD��,WDO\

&15�,**�,QVWLWXWH�RI�*HRVFLHQFHV�DQG�(DUWK�5HVRXUFHV��3LVD��,WDO\

'HSDUWPHQW�RI�$JULFXOWXUDO��)RRG�DQG�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�3HUXJLD��,WDO\

'HSDUWPHQW�RI�(DUWK�6FLHQFHV��8QLYHUVLW\�RI�)ORUHQFH��,WDO\

'HSDUWPHQW�RI�&KHPLVWU\��%LRORJ\�DQG�%LRWHFKQRORJ\��8QLYHUVLW\�RI�3HUXJLD��,WDO\

'HSDUWPHQW�RI�%LRORJ\��8QLYHUVLW\�RI�)ORUHQFH��,WDO\
�
.(<:25'6��3+5$*0,7(6�$8675$/,6��',(�%$&.��3$/8675,1(�(&26<67(06

)ROORZLQJ WKH GHWHFWLRQ RI UHHG GLH�EDFN LQ VRPH 0HGLWHUUDQHDQ DUHDV� WKH ODFXVWULQH HFRV\VWHP RI
/DNH &KLXVL� D 6LWH RI WKH (8 1HWZRUN 1DWXUD ����� KDV EHHQ WDNHQ LQWR DFFRXQW WR FKHFN WKH
DFWXDO H[WHQW RI VXFK D WKUHDWHQLQJ SKHQRPHQRQ LQ &HQWUDO ,WDO\� %DVHG RQ WKH PHWKRGRORJLFDO
GHVLJQ DOUHDG\ DSSOLHG WR RWKHU ODNHV� PDFURPRUSKRORJLFDO DQG HFRORJLFDO WUDLWV RI UHHG ZHUH
PHDVXUHG LQ D UHSUHVHQWDWLYH QXPEHU RI VLWHV� VHOHFWHG FKHPLFDO SDUDPHWHUV ZHUH PHDVXUHG LQ WKH
ERWWRP VHGLPHQWV DQG LQWHUVWLWLDO ZDWHUV DW WKH VDPH VLWHV� DQG DHULDO LPDJHV RI WKH DUHD RYHU �
GHFDGHV ZHUH GLJLWL]HG DQG FRPSDUHG� 3RVVLEOH FRUUHODWLRQV DPRQJ WKH ZKROH VHW RI GDWD ZHUH
LQYHVWLJDWHG XVLQJ XQLYDULDWH DQG PXOWLYDULDWH VWDWLVWLFDO PHWKRGV� &OHDU V\PSWRPV RI WKH W\SLFDO GLH�
EDFN V\QGURPH ZHUH GHWHFWHG LQ VRPH DUHDV RI WKH UHHG�EHGV� LQFOXGLQJ YLVLEOH UHWUHDW DQG
IUDJPHQWDWLRQ IURP WKH ZDWHUIURQW� FOXPSHG KDELW� GHDG EXGV� UHGXFHG VL]H� VXJJHVWLQJ WKDW WKH
GLVWULEXWLRQ DUHD RI WKLV SKHQRPHQRQ LQ &HQWUDO ,WDO\ VKRXOG EH HQODUJHG� 5HVXOWV DOVR VXJJHVW WKDW
SHUPDQHQW IORRGLQJ LV RQH RI WKH PRVW SURPLQHQW WUDLWV FR�RFFXUULQJ ZLWK UHHG GLH�EDFN� )HZ
FKHPLFDO SDUDPHWHUV VHHP WR SOD\ D UROH LQ WKH SURFHVV� H�J� QLWUDWHV� UXELGLXP� QLFNHO� EDULXP�
PDQJDQHVH� $OWKRXJK QR FOHDU SDWWHUQ FRXOG EH LGHQWLILHG� UHVXOWV VXJJHVW WKDW VWUHVVLQJ FRQGLWLRQV�
FRPELQHG ZLWK WKH SUHVHQFH RI VRPH FKHPLFDOV� PD\ DIIHFW WKH JURZWK HYHQ RI DQ HIILFLHQW PHWDO
DFFXPXODWRU�VXFK�DV�FRPPRQ�UHHG�
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6RXWKHDVW�$VLDQ�)LVKHULHV�'HYHORSPHQW�&HQWHU�$TXDFXOWXUH�'HSDUWPHQW��3KLOLSSLQHV
�
.(<:25'6��%,2',9(56,7<��,19$6,9(�63(&,(6��/$*81$�'(�%$<

/DJXQD GH %D\ LV WKH 3KLOLSSLQHV¶ ODUJHVW LQODQG ZDWHU DQG SUHGRPLQDQWO\ XVHG IRU ILVKHULHV DQG
DTXDFXOWXUH� $TXDFXOWXUH LQ WKH ODNH VWDUWHG GHFDGHV DJR DQG PDQ\ FKDQJHV LQ WKH ODNH¶V
HFRV\VWHP KDYH WDNHQ SODFH VLQFH� 0RVW RI WKH GRPLQDQW VSHFLHV IRU FXOWXUH DUH LQWURGXFHG VSHFLHV
LQ WKH ODNH� 2WKHU LQYDVLYH VSHFLHV ZHUH DOVR LQWURGXFHG WR WKH ODNH� $ VWXG\ ZDV FRQGXFWHG WR
PRQLWRU ILVK GLYHUVLW\ LQ WZR DGMDFHQW� EXW GLVWLQFWO\ GLIIHUHQW VLWHV LQ WKH ODNH� WKH :HVW &RYH �:&��
DQ RSHQ ILVKHU\ DUHD� ZLWK QR DTXDFXOWXUH VWUXFWXUHV DQG WKH (DVW &RYH �(&� ZKLFK LV DQ
DTXDFXOWXUH VLWH ZLWK FDJHV IRU 1LOH WLODSLD� ELJKHDG FDUS� JLDQW IUHVKZDWHU SUDZQ� )LVK WUDSV ZHUH
DOVR LQVWDOOHG LQ ERWK VLWHV DQG WKH WUDSV ZHUH VDPSOHG HYHU\ WZR ZHHNV IURP $SULO ���� WR 0DUFK
����� 5HVXOWV RI SDLU�ZLVH 7�WHVW VKRZ VLJQLILFDQWO\ KLJKHU 6KDQQRQ�:LHQHU 'LYHUVLW\ ,QGH[ �+¶� DQG
(YHQQHVV �-¶� LQ :& WKDQ (&� 1R GLIIHUHQFHV LQ 6SHFLHV 5LFKQHVV �V� DQG ,QGH[ RI 6LPLODULW\ �O�
ZHUH REVHUYHG EHWZHHQ WKH WZR VLWHV� ,Q WHUPV RI WRWDO FDWFK SHU GD\� VLJQLILFDQWO\ KLJKHU FDWFK
ZHUH REWDLQHG IURP (& WKDQ :&� ,Q ERWK (& DQG :&� LQWURGXFHG DTXDFXOWXUH VSHFLHV VXFK DV
ELJKHDG FDUS KDG D SHDN ELRPDVV GRPLQDQFH RI ��� LQ (& ZKLOH 1LOH WLODSLD SHDNHG DW ��� LQ
:&� 1RQ�DTXDFXOWXUH LQYDVLYH VSHFLHV VXFK DV WKH -DQLWRU ILVK 3WHU\JRSOLFKWK\V VS� SHDNHG DW ���
LQ WKH (& DQG WKH NQLIH ILVK &KLWDOD RUQDWD DW ��� LQ WKH :&� 2WKHU LQYDVLYH VSHFLHV IRXQG LQ ERWK
VLWHV�ZHUH�3DQJDVLXV�VS��DQG�WKH�FLFKOLG�6DURWKHURGRQ�PHODQRWKHURQ�

35(6(17$7,21�7<3(��25$/

���

��WK�:RUOG�/DNH�&RQIHUHQFH�������6HSWHPEHU�������3HUXJLD��,WDO\



06������/DNH�HFRV\VWHP�DQG�ELRGLYHUVLW\�DVVHVVPHQW�DQG�FRQVHUYDWLRQ

,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK��(QYLURQPHQW�	�3ULPDU\�3UHYHQWLRQ�'HSW��(QYLURQPHQWDO�4XDOLW\�DQG
)LVKIDUP�8QLW��,WDO\

,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK��(QYLURQPHQW�	�3ULPDU\�3UHYHQWLRQ�'HSW��(QYLURQPHQWDO�4XDOLW\�DQG
)LVKIDUP�8QLW��,WDO\

,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK��(QYLURQPHQW�	�3ULPDU\�3UHYHQWLRQ�'HSW��(QYLURQPHQWDO�4XDOLW\�DQG
)LVKIDUP�8QLW��,WDO\

,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK��(QYLURQPHQW�	�3ULPDU\�3UHYHQWLRQ�'HSW��(QYLURQPHQWDO�4XDOLW\�DQG
)LVKIDUP�8QLW��,WDO\

,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK��(QYLURQPHQW�	�3ULPDU\�3UHYHQWLRQ�'HSW��(QYLURQPHQWDO�4XDOLW\�DQG
)LVKIDUP�8QLW��,WDO\

,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK��(QYLURQPHQW�	�3ULPDU\�3UHYHQWLRQ�'HSW��(QYLURQPHQWDO�4XDOLW\�DQG
)LVKIDUP�8QLW��,WDO\

,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK��(QYLURQPHQW�	�3ULPDU\�3UHYHQWLRQ�'HSW��(QYLURQPHQWDO�4XDOLW\�DQG
)LVKIDUP�8QLW��,WDO\

,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK��(QYLURQPHQW�	�3ULPDU\�3UHYHQWLRQ�'HSW��(QYLURQPHQWDO�4XDOLW\�DQG
)LVKIDUP�8QLW��,WDO\

,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK��(QYLURQPHQW�	�3ULPDU\�3UHYHQWLRQ�'HSW��(QYLURQPHQWDO�4XDOLW\�DQG
)LVKIDUP�8QLW��,WDO\

5HJLRQH�/D]LR��,WDO\
�
.(<:25'6��%(17+,&�',$720��0,&52%,2/2*,&$/�,1',&$7256��3527(&7('�$5($

7KLV VWXG\ SURSRVHV DQ LQWHJUDWHG DSSURDFK WKDW DLPV WR HYDOXDWH WKH HQYLURQPHQWDO TXDOLW\ RI
�3RVWD )LEUHQR ODNH� SURWHFWHG DUHD� WKURXJK WKH DQDO\VLV RI ELRORJLFDO DQG PLFURELRORJLFDO
LQGLFDWRUV DQG SK\VLFDO� FKHPLFDO SDUDPHWHUV LQ RUGHU WR LGHQWLI\ SROOXWLRQ VRXUFHV� 'LDWRPV ZHUH
FKRVHQ DV ELRORJLFDO LQGLFDWRUV� GXH WR WKHLU VHQVLWLYLW\ WR HXWURSKLFDWLRQ� (QWHURFRFFL DQG (�FROL
ZHUH LQYHVWLJDWHG WR GHWHFW IDHFDO FRQWDPLQDWLRQ� 3RVWD )LEUHQR ODNH LV ORFDWHG LQ /DWLXP 5HJLRQ�
&HQWUDO ,WDO\� ,W KDV D SDUWLFXODU JHRORJ\ ZLWK URFNV PDGH E\ OLPHVWRQH� ZKLFK KDV D KLJK FDOFLXP
FDUERQDWH �&D&2�� FRQWHQW DQG ZKLFK DFFXPXODWHG RYHU JHRORJLFDO WLPH LQ VKDOORZ ZDWHU� ,WV
WHPSHUDWXUH LV DURXQG ���& WKURXJKRXW WKH \HDU WKDQNV WR WKLV NDUVWLF WHUUDLQ DQG VHYHUDO
XQGHUZDWHU VSULQJV� ,Q ���� WKH SURWHFWHG DUHD ZDV FUHDWH WR SUHVHUYH LW� 6HYHQ VLWHV ZHUH
VHOHFWHG DURXQG WKH ODNH DQG WZR VDPSOLQJ ZHUH SHUIRUPHG� LQ VSULQJ DQG DXWXPQ� :DWHU DQG
GLDWRP VDPSOHV ZHUH FROOHFWHG IROORZLQJ VWDQGDUG SURFHGXUHV� %LRORJLFDO� PLFURELRORJLFDO
LQGLFDWRUV� SK\VLFDO DQG FKHPLFDO SDUDPHWHUV LQGLFDWHG D JRRG HQYLURQPHQWDO VWDWXV� IRU WKH PRVW
RI WKH LQYHVWLJDWHG VLWHV� KRZHYHU DQ LQFUHDVLQJ RI RUJDQLF SROOXWLRQ� ZDV GHWHFWHG DIWHU VXPPHU
VHDVRQ� ,W LV SUREDEO\ UHODWHG WR VHDVRQDOO\ SRLQW VRXUFHV RI SROOXWLRQ� 7KLV YDULDWLRQ KDV QRW
FRPSURPLVHG WKH HQYLURQPHQWDO TXDOLW\ RI WKH /DNH \HW� EXW SUHYHQWLRQ DQG UHVWRUH DFWLYLWLHV VKRXOG
EH�SODQQHG�LQ�RUGHU�WR�SUHVHUYH�WKLV�HFRV\VWHP�
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1DWXUH�5HVHDUFK�&HQWUH��,QVWLWXWH�RI�%RWDQ\��/LWKXDQLD

1DWXUH�5HVHDUFK�&HQWUH��,QVWLWXWH�RI�%RWDQ\��/LWKXDQLD

1DWXUH�5HVHDUFK�&HQWUH��,QVWLWXWH�RI�%RWDQ\��/LWKXDQLD
�
.(<:25'6��&<$12%$&7(5,$��$/,(1�63(&,(6��/$.(6

*OREDO ZDUPLQJ DQG HXWURSKLFDWLRQ PD\ H[DFHUEDWH QRW RQO\ ZDWHU EORRPV FDXVHG E\
F\DQREDFWHULD� EXW DOVR WKH RYHUVSUHDG DQG HVWDEOLVKPHQW RI LQYDVLYH VSHFLHV� 7KH GDWD RQ QRQ�
QDWLYH F\DQREDFWHULD VSHFLHV IRUPLQJ ZDWHU EORRPV LQ IUHVKZDWHUV RI /LWKXDQLD DUH QRW ZHOO
GRFXPHQWHG� 7KLV VWXG\ UHIHUV RQ WKH RFFXUUHQFH RI WKUHH DOLHQ 1RVWRFDOHV VSHFLHV LQ /LWKXDQLDQ
LQODQG ZDWHUV� $QDEDHQD EHUJLL YDU� OLPQHWLFD� 5DSKLGLRSVLV PHGLWHUUDQHD DQG 6SKDHURVSHUPRSVLV
DSKDQL]RPHQRLGHV� 7KH VSHFLHV KDYH WKH WURSLFDO RULJLQ� KRZHYHU� QRZDGD\V WKH\ DUH ZLGH�VSUHDG
LQ WHPSHUDWH UHJLRQ DQG FDQ IRUP GHQVH VRPHWLPHV WR[LF EORRPV� 7KH\ KDYH UHFHQWO\ EHHQ IRXQG
QHZ WR WKH IORUD RI /LWKXDQLD� $OO RI WKH VWXGLHG DOLHQ F\DQREDFWHULD ZHUH UDWKHU UDUH DQG VSDUVHO\
GLVWULEXWHG ZLWKLQ WKH FRXQWU\� 7KH F\DQREDFWHULD RFFXUUHG LQ PHVRWURSKLF WR HXWURSKLF VKDOORZ RU
GHHS�VWUDWLILHG ODNHV� 5� PHGLWHUUDQHD DQG 6� DSKDQL]RPHQRLGHV EHFDPH LPSRUWDQW FRQWULEXWRUV WR
SK\WRSODQNWRQ LQ VRPH ODNHV LQ VXPPHU� 5� PHGLWHUUDQHD FRPSULVLQJ XS WR ��� RI WRWDO
SK\WRSODQNWRQ ELRPDVV ZHUH IRXQGRQO\ VSRUDGLFDOO\ GHVSLWH WKH UHJXODU PRQLWRULQJ� 5HDVRQV IRU LW
RXWEUHDNV ZHUH QRW FODULILHG� QR PDUNHG GLIIHUHQFHV LQ ZDWHU FKHPLVWU\ SULRU LWV DSSHDUDQFH ZHUH
IRXQG� 'HSHQGLQJ RQ WKH SUHYDLOLQJ QDWLYH EORRP�IRUPLQJ F\DQREDFWHULD LQ ODWH VXPPHU SODQNWRQ�
WKH�DOLHQ�VSHFLHV�H[KLELWHG�D�VWDEOH�FR�H[LVWHQFH�RU�WKH\�ZHUH�VWURQJ�FRPSHWLWRUV�
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',6$7��8QLYHUVLWj�GHJOL�6WXGL�GL�0LODQR�%LFRFFD��,WDO\

',6$7��8QLYHUVLWj�GHJOL�6WXGL�GL�0LODQR�%LFRFFD��,WDO\

&15�,QVWLWXWH�RI�(FRV\VWHP�6WXG\��,6(���,WDO\

8QLYHUVLW\�RI�,QVXEULD��7HRUHWKLFDO�DQG�$SSOLHG�6FLHQFH�'HSW���,WDO\

&15�,QVWLWXWH�RI�(FRV\VWHP�6WXG\��,6(���,WDO\

&15�,QVWLWXWH�RI�(FRV\VWHP�6WXG\��,6(���,WDO\
�
.(<:25'6��0$&52,19(57(%5$7(6��7$;2120<�%$6('�0(75,&6��:$7(5�%2',(6

,Q ,WDO\� WKH :DWHU )UDPHZRUN 'LUHFWLYH LQWURGXFHG PDMRU FKDQJHV WR ZDWHU PDQDJHPHQW� E\
PDNLQJ ZDWHU UHVRXUFHV PRUH HIILFLHQW DQG HQIRUFHDEOH� VR� WKLV VWXG\ DLPV WR KLJKOLJKW VRPH RI WKH
SRWHQWLDO LPSOLFDWLRQV RI LWV LPSOHPHQWDWLRQ IRU ODNH PDQDJHPHQW� ,Q WKLV UHVSHFW� WKH /LIH� ,1+$%,7
SURMHFW ZDV FUXFLDO LQ ODXQFKLQJ WKH PRQLWRULQJ SODQ RI ODNH PDFURLQYHUWHEUDWHV� VWDQGDUGL]HG DW
QDWLRQDO OHYHO� 4XDQWLOH UHJUHVVLRQ DQDO\VLV ZDV IRFXVHG RQ QLQH ODNHV� ORFDWHG LQ WZR ,WDOLDQ
UHJLRQV �3LHGPRQW DQG 6DUGLQLD�� VDPSOHG WKURXJK WKH QDWLRQDO VWDQGDUGL]HG SURWRFRO� ,Q RUGHU WR
OLQN PDFURLQYHUWHEUDWH FRPPXQLW\ FKDUDFWHULVWLFV WR WKHLU KDELWDW� ZH PHDVXUHG WZHQW\�RQH
YDULDEOHV WKDW UHSUHVHQW FKHPLFDO� SK\VLFDO DQG PRUSKRORJLFDO FKDUDFWHULVWLFV RI WKH HQYLURQPHQW�
:H HYDOXDWHG WKH OLPLWLQJ DFWLRQ RI VXFK YDULDEOHV DQG VHOHFWHG VDPSOLQJ GHSWK DQG R[\JHQ
SHUFHQW VDWXUDWLRQ DV WKH WZR YDULDEOHV WKDW EHVW H[SODLQHG WKH QXPEHU RI WD[D SUHVHQW DQG WKH
PDFURLQYHUWHEUDWH FRPPXQLW\ GLYHUVLW\ RI D VLWH� :H SURYLGHG D VHW RI PLQLPXP H[SHFWHG YDOXHV
DORQJ WKH VDPSOLQJ GHSWK JUDGLHQW� 7KHVH UHVXOWV VKRXOG EH WDNHQ LQWR DFFRXQW LQ WKH GHYHORSPHQW
RI HFRORJLFDO LQGLFHV WKDW PXVW EH DEOH WR UHFRJQL]H DQG VHSDUDWH WKH HIIHFWV RI DQWKURSRJHQLF
SUHVVXUHV IURP DQ\ QDWXUDO YDULDELOLW\� )LQDOO\� WKH VHOHFWHG PRGHOV DUH DEOH WR SUHGLFW WKH SRWHQWLDO
RI FRPPXQLW\ GLYHUVLW\ DV D IXQFWLRQ RI HQYLURQPHQWDO FKDUDFWHULVWLFV� $OO RI WKLV HYLGHQFH FDQ KHOS
ZDWHU PDQDJHUV LQ GHFLGLQJ WR LQLWLDOO\ LQYHVW UHVRXUFHV LQ WKRVH ODNHV ZKHUH WKH ELRORJLFDO
FRPPXQLWLHV LV H[SHFWHG WR EH LPSDLUHG DQG WR LGHQWLI\ ZKLFK ODNHV FDQ EH FRQVLGHUHG SULVWLQH RU LQ
QHDU�SULVWLQH�FRQGLWLRQV�
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.D]DQ��9ROJD�5HJLRQ��)HGHUDO�8QLYHUVLW\��5XVVLD

,QVWLWXWH�RI�(FRORJ\�RI�WKH�$ENKD]LD�5HSXEOLF

.D]DQ��9ROJD�5HJLRQ��)HGHUDO�8QLYHUVLW\��5XVVLD

.D]DQ��9ROJD�5HJLRQ��)HGHUDO�8QLYHUVLW\��5XVVLD

.D]DQ��9ROJD�5HJLRQ��)HGHUDO�8QLYHUVLW\��5XVVLD

.D]DQ��9ROJD�5HJLRQ��)HGHUDO�8QLYHUVLW\��5XVVLD

.D]DQ��9ROJD�5HJLRQ��)HGHUDO�8QLYHUVLW\��5XVVLD

.D]DQ��9ROJD�5HJLRQ��)HGHUDO�8QLYHUVLW\��5XVVLD
�
.(<:25'6��%,2',9(56,7<�2)�/$.(6��$%.+$=,$�5(38%/,&��&$8&$686���&$9(�/$.(6

7KH ZDWHU REMHFWV RI $ENKD]LD SUHVHQWHG PRXQWDLQ IUHVKZDWHU NDUVW IUHVKZDWHU DQG WHFWRQLF ODNHV�
SODLQV EUDFNLVK ODNHV �ODJRRQV� PRXQWDLQ IUHVKZDWHU ULYHUV� IUHVKZDWHU ODNHV DQG VWUHDPV LQ NDUVW
FDYHV� 0DQ\ PRXQWDLQ ODNHV $ENKD]LD DUH XQLTXH� DUH VWDQGDUGV�FOHDU ZDWHUV RI WKH SODQHW� 0RUH
WKDQ �� ZDWHU REMHFWV ZHUH VWXGLHG LQ ��������� GXULQJ WKH 5XVVLDQ�$ENKD] H[SHGLWLRQV IRU
K\GURELRORJLFDO DQG LFKWK\RORJLFDO VWXG\� 3K\WRSODQNWRQ RI $ENKD]LD ZDWHU REMHFWV LV YHU\ GLYHUVH�
7KHUH ZHUH LGHQWLILHG ��� VSHFLHV RI � GHSDUWPHQWV ZLWK D SUHGRPLQDQFH RI GLDWRPV ����������
\HDUV�� 7KH EUDFNLVK 6NXUFKD /DNH UHVHDUFKHUV IRXQG ��� VSHFLHV ��� GLDWRPV�� ,QNLW /DNH � ��
����� %LJ 5L]D /DNH � �� ����� %OXH /DNH � �� ���� RI ��� GLYLVLRQV� ,Q ULYHUV� WKH QXPEHU RI VSHFLHV
LV OHVV� .RGRU 5LYHU � �� VSHFLHV ����� $XDGKDUD 5LYHU � �� ���� RI � GLYLVLRQV� LQ VPDOO ULYHUV DQG
VWUHDPV PHW ���� VSHFLHV� 7KH FDYHV IRXQG �� VSHFLHV RI � GLYLVLRQV� ȼɜɟɞɢɬɟ ɬɟɤɫɬ ɢɥɢ ɚɞɪɟɫ
ɜɟɛ�ɫɚɣɬɚ ɥɢɛɨ ɩɟɪɟɜɟɞɢɬɟ ɞɨɤɭɦɟɧɬ� Ɉɬɦɟɧɚ =RRSODQNWRQ YRGQ\NK RE�\HNWRY $ENKD]LL
SUHGVWDYOHQ �� YLGDPL ���� NRORYUDWNL� �� � UDNRREUD]Q\\H�� 1DLERO
VKH\H FKLVOR YLGRY YVWUHFKHQR Y
R]HUDNK 0]\ L 6NXUFKD� 5HNL L R]HUD Y SHVKFKHUDNK RWOLFKD\XWV\D FKUH]Y\FKD\QR QL]NLP YLGRY\P
ERJDWVWYRP ]RRSODQNWRQD� .ROLFKHVWYHQQ\\H SRND]DWHOL ]RRSODQNWRQD QL]NL\H� ȼɨɡɦɨɠɧɨ� ɜɵ
ɢɦɟɥɢ ɜ ɜɢɞɭ� Ⱦɥɹ ɫɨɥɨɧɨɜɚɬɨɝɨ ɨɡɟɪɨ ɋɤɭɪɱɚ ɨɛɧɚɪɭɠɟɧɨ ��� ɜɢɞɨɜ ��� ɞɢɚɬɨɦɨɜɵɯ��
=RRSODQNWRQRI $ENKD]LD ZDWHU REMHFWV ���������� \HDUV� UHSUHVHQWHG �� VSHFLHV ��� � URWLIHUV� ��
� FUXVWDFHDQV�� *UHDWHVW QXPEHU RI VSHFLHV PHW LQ WKH ODNHV 0]\ DQG 6NXUFKD� 5LYHUV DQG ODNHV LQ
FDYHV UHPDUNDEO\ ORZ VSHFLHV ULFKQHVV RI ]RRSODQNWRQ� 7KH TXDQWLWDWLYH LQGLFDWRUV RI ]RRSODQNWRQ
LV ORZ� ,Q]RREHQWKRV RIZDWHU REMHFWVQRWHG���VSHFLHV�� W\SH� � FODVVHV� �� RUGHUV� �� IDPLOLHV��
LQFOXGLQJ 2OLJRFKDHWD� ��VSHFLHV� SRO\FKDHWH��� OHHFKHV ± ��FUXVWDFHDQV ±���PROOXVNV ±
���LQVHFWV��� VSHFLHV ���������� \HDUV�� ,Q WKHFDYHZDWHUVIRXQGFUXVWDFHDQV'LDF\FORSV
ELFXVSLGDWXV �&RSHSRGD�� JDPPDUXV1LSKDUJXV DODVRQLXV� IUHVKZDWHU VKULPS7URJORFDULV
DQRSKWKDODPXV �ZKLWH LQ WKH DEVHQFH RI OLJKW�� ,Q HVWXDULQH ILVK IDXQD RI �� $ENKD]LD ULYHUV
UHYHDOHG �� VSHFLHV RI ILVK IDXQD �IURP � FODVV� � RUGHUV DQG � IDPLOLHV� LQ ����� 0RVW GLYHUVH WKH
&\SULQLIRUPHV RUGHU ��� VSHFLHV�� 7KH EDFNJURXQG VSHFLHV DUH $OEXUQRLGHV ELSXQFWDWXV� $OEXUQXV
FKDUXVLQL� /HXFDVSLXV GHOLQHDWXV DQG 3KR[LQXV SKR[LQXV� 7KXV� D KLJK GLYHUVLW\ RI W\SHV RI DTXDWLF
HFRV\VWHPV LQ $ENKD]LD �&DXFDVXV� JHQHUDWHV ELRORJLFDO DQG WD[RQRPLF GLYHUVLW\� SUHVHQFH RIUDUH
VSHFLHV� 7KLV ZRUN SHUIRUPHG LQ SDUW VXSSRUWHG E\ D JUDQW RI WKH 5XVVLDQ )RXQGDWLRQ IRU
)XQGDPHQWDO�5HVHDUFK�
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%DQJDORUH�8QLYHUVLW\��,QGLD

%DQJDORUH�8QLYHUVLW\��,QGLD

%DQJDORUH�8QLYHUVLW\��,QGLD
�
.(<:25'6��3+<723/$1.721���',9(56,7<�,1',&(6���32//87,21�

7KH SRWHQWLDO RI VXUIDFH ZDWHU HFRV\VWHPV WR DGDSW WR RQJRLQJ HQYLURQPHQWDO FKDQJH LV ODUJHO\
XQNQRZQ� &RQVHUYDWLRQ HIIRUWV WR VXVWDLQ ZDWHU UHVRXUFHV DQG DTXDWLF ELRGLYHUVLW\ ZLOO UHTXLUH
UHOLDEOHLQIRUPDWLRQ RQ WKH UHFHQW VWDWXV RI YDULRXV LQGLFDWRU VSHFLHV RI SK\WRSODQNWRQV� 7KH SUHVHQW
VWXG\ GHDOV ZLWK WKH GLYHUVLW\ RI SK\WRSODQNWRQ RI IRXU PDJDGL KLOO UDQJH ZDWHU ERGLHV LQ %DQJDORUH�
7KH VHDVRQDO IOXFWXDWLRQ RI SK\WRSODQNWRQ FRPPXQLW\ ZDV DVVHVVHG IRU D SHULRG RI RQH \HDU IURP
-DQXDU\ ���� WR 'HFHPEHU ����� $ WRWDO RI �� DOJDO VSHFLHV EHORQJLQJ WR � WD[RQRPLF JURXSV ZHUH
LGHQWLILHG QDPHO\� FKORURSK\FHDH� F\DQRSK\FHDH� %DFLOODULRSK\FHDH� (XJOHQRSK\FHDH�
'LQRSK\FHDH DQG &KU\VRSK\FHDH� 2XW RI WKHVH �� VSHFLHV QDPHO\� (ODNDWRWKUL[� 6FHQHGHVPXV
RELTXXV� +\GURGLFW\RQ� (XJOHQD SUR[LPD� 3KDFXV FDXGDWH� 7UDFKHORPRQDV YROYRFLQD� /HSRFLQFOLV
DFXWD� 'LQREU\RQ VRFLDO� SHULGLQLXP� 0HORVLUD LVODQGLFD� 6\QHGUD DFXV� 1DYLFXOD SDSXOD� 0LFURF\VWLV
DHUXJLQRVD DQG 0HULVPRSHGLD JODXFD ZHUH FRPPRQ LQ DOO WKH IRXU ODNHV� 7KH SHUFHQWDJH
FRPSRVLWLRQ DQG WKH RUGHU RI GRPLQDQFH RI WKH JURXSV DUH DV IROORZV� FKORURSK\FHDH�������� !
F\DQRSK\FHDH�������� ! %DFLOODULRSK\FHDH�������� ! (XJOHQRSK\FHDH�������� !
'LQRSK\FHDH������� ! &KU\VRSK\FHDH�������� 'LYHUVLW\ LQGLFHV DUH LPSRUWDQW LQ XQGHUVWDQGLQJ
WKH GLVWULEXWLRQ RI SODQNWRQLF DOJDH LQ IUHVK ZDWHU ODNHV� 1LQH GLYHUVLW\ LQGLFHV KDYH EHHQ GHULYHG
XVLQJ 3$67 VRIWZDUH SURJUDP� 7KH\ LQFOXGH 'RPLQDQFH LQGH[� 6KDQQRQ LQGH[� 6LPSVRQ¶V LQGH[�
3LHORX¶V (YHQQHVV LQGH[� 0HQKLQLFN¶V LQGH[� 0DUJDOHI¶V LQGH[� (TXLWLELOLW\ LQGH[� )LVKHU¶V DOSKD
LQGH[ DQG %HUJHU�3DUNHU LQGH[� +LJKHVW GRPLQDQFH RI WKH VSHFLHV ZDV REVHUYHG LQ YDODJHUDQDKDOOL
ODNH ���� EXW VSHFLHV ULFKQHVV ZDV PLQLPXP LQ 0DODWKDOOL ODNH ����� 6RPH RI WKH VSHFLHV RI
SK\WRSODQNWRQ FDQ KHOS DVVHVVLQJ WKH KHDOWK RI ZDWHU ERG\� )RU LQVWDQFH� PRUH RI F\DQRSK\FHDQ
PHPEHUV FDQ LQGLFDWH RUJDQLF SROOXWLRQ RI WKH ODNH� 6LPLODUO\ OLNH 6SLUXOLQD� FDQ EH WDNHQ DV
LQGLFDWRU RI VHZDJH SROOXWLRQ� )URP WKLV SRLQW RI YLHZ� HQOLVWLQJ RI WKH VSHFLHV RI SK\WRSODQNWRQ LV
LQWHUHVWLQJ�
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&6,5�:DWHU�5HVHDUFK�,QVWLWXWH��*KDQD

&6,5�:DWHU�5HVHDUFK�,QVWLWXWH��*KDQD

,QVWLWXWH�RI�$TXDFXOWXUH��8QLYHUVLW\�RI�6WLUOLQJ��8QLWHG�.LQJGRP

,QVWLWXWH�RI�$TXDFXOWXUH��8QLYHUVLW\�RI�6WLUOLQJ��8QLWHG�.LQJGRP
�
.(<:25'6��/$.(�92/7$��$48$&8/785(��6(',0(17�48$/,7<

/DNH 9ROWD LV RQH RI WKH ODUJHVW PDQ�PDGH /DNHV LQ WKH ZRUOG� ,W ZDV FUHDWHG LQ WKH ����V IRU
K\GURHOHFWULF SRZHU JHQHUDWLRQ� ,WV RWKHU XVHV VLQFH WKHQ KDYH EHHQ H[WUDFWLRQ IRU SRWDEOH ZDWHU
VXSSO\� LUULJDWLRQ� /DNH WUDQVSRUW� PDMRU VRXUFH RI LQODQG IUHVKZDWHU ILVK DQG QRZ ILVK IDUPLQJ� 7KH
VWXG\ ZDV XQGHUWDNHQ WR DVVHVV WKH LPSDFW RI FDJH ILVK IDUPLQJ RQ VHGLPHQW TXDOLW\ DQG PDFUR�
LQYHUWHEUDWH FRPPXQLWLHV LQ VHGLPHQWV RI WKH /DNH� $ VHFWLRQ RI WKH /DNH ZLWK DERXW �� ILVK IDUPV
ZDV VHOHFWHG IRU WKH VWXG\� 7HQ VDPSOLQJ VLWHV WZR RI ZKLFK ZHUH UHIHUHQFH VLWHV ZHUH PRQLWRUHG�
6DPSOHV ZHUH FROOHFWHG LQ $XJXVW� 2FWREHU DQG 'HFHPEHU ����� 3DUDPHWHUV GHWHUPLQHG ZHUH
JUDLQ VL]H GLVWULEXWLRQ� S+� WRWDO RUJDQLF FDUERQ� WRWDO QLWURJHQ� DQG WKH GHQVLW\ RI
PDFURLQYHUWHEUDWHV LQ WKH VHGLPHQWV� 6HGLPHQWV DW WKH YDULRXV VLWHV ZHUH ODUJHO\ VDQG\ ZLWK WUDFHV
RI FOD\� 7KH S+ RI WKH LQWHUVWLWLDO ZDWHUV ZDV VOLJKWO\ DFLGLF LQ QDWXUH ZLWK S+ YDOXHV UDQJLQJ IURP
��� WR ���� 7KH GLYHUVLWLHV RI PDFURLQYHUWHEUDWHV DW DOO WKH VLWHV ZHUH YHU\ SRRU� 8VLQJ PXOWLYDULDWH
DQDO\VLV� WKH 6KDQRQ :LHQHU ,QGH[ ZDV OHVV WKDQ � IRU ERWK UHIHUHQFH VLWHV DQG ILVK IDUP VLWHV�
&KLURQRPLGDH�ZHUH�WKH�PRVW�FRPPRQ�PDFURLQYHUWHEUDWHV�DW�DOO�WKH�VLWHV�
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+DFHWWHSH�8QLYHUVLW\��%LRGLYHUVLW\�5HVHDUFK�DQG�$SSOLFDWLRQ�&HQWHU��7XUNH\

+HWHURWURSKLF IODJHOODWHV� RQH RI WKH IRFDO SRLQWV RI HYROXWLRQDU\ VWXGLHV GXH WR WKHLU EHLQJ WKH
VWRUDJH RI WKH GDWD RI WKH HXNDU\RWLF HYROXWLRQ� DUH FRPSULVHG RI WKH SURWLVWV PRYLQJ DQG� RU IHHGLQJ
E\ WKH XVH RI IODJHOOD DQG IHHGLQJ H[FOXVLYHO\ E\ KHWHURWURSKLF PHDQV RU� LI ZLWK SODVWLGV� WKHQ DOVR
FDSDEOH RI LQJHVWLQJ SDUWLFOHV� DQG PHDQ DQ HFRORJLFDO XQLW WKHQ D WD[RQRPLF UDQN� +HWHURWRSKLF
IODJHOODWHV LV D JURXS RI SURWLVWV FRQVLVW RI WKH RPQLYRXUXV� FDUQLYRXUXV DQG KHUELYRXUXV VSHFLHV�
7KH TXDQWLWDWLYH VWXGLHV RQ WKHLU IHHGLQJ EHKDYLRXUV KDYH LQGLFDWHG WKDW KHUELYRU\ E\ QDQR DQG
PLFURIODJHOODWHV SOD\V DQ LPSRUWDQW UROH ZLWKLQ WKH FDUERQ IOX[� 8QGHU WKH OLJKW RI WKHVH TXDQWLWDWLYH
VWXGLHV LW LV HVWDEOLVKHG WKDW QDQR DQG PLFURIODJHOODWHV� FRQVXPLQJ EDFWHULDO SURGXFWLRQ� UHF\FOH WKH
EDFWHULDO FDUERQ� ,Q UHVSHFW RI WKH VWXG\ PDGH E\ /LQOH\ HW DO� LQ WKH \HDU ����� DW OHDVW WKH ��� RI
WKH EDFWHULDO SURGXFWLRQ LV FRQVXPHG E\ KHWHURWURSKLF IODJHOODWHV� $FRUGLQJ WR WKH UHVXOWV RI DQRWKHU
VWXG\ PDGH E\ .XRVD DQG .LYL LQ WKH \HDU���� ��� RI SULPDU\ SURGXFWLRQ LV FRQVXPHG E\
KHWHURWURSKLF IODJHOODWHV� )XUWKHUPRUH� WKHLU VPDOO VL]HV DQG IOH[LEOH FHOOV HQDEOH WKHP WR JUD]H RQ
EDFWHULD LQ PLFUR�SRUHV� ZKLFK DUH LQDFFHVVLEOH WR ODUJHU RUJDQLVPV� +HQFH� WKH\ LPSRUWDQWO\
LQIOXHQFH PLQHUDOL]DWLRQ DQG QXWULHQW F\FOLQJ LQ VRLOV� ,Q RUGHU WR FRQWULEXWH WR DQ XQGHUVWDQGLQJ RI
WKH JHRJUDSKLF GLVWULEXWLRQ RI IUHH�OLYLQJ KHWHURWURSKLF IODJHOODWHV� ZH LQYHVWLJDWHG WKH GLYHUVLW\ RI
KHWHURWURSKLF IODJHOODWHV RFFXUULQJ LQ � VKDOORZ ODNHV RI GLIIHUHQW VDOLQLW\ DQG ORFDWHG LQ .RQ\D
FORVHG EDVLQ IURP ���� WR ���� �Q ���� +HWHURWURSKLF IODJHOODWH VSHFLHV ZHUH LVRODWHG IURP �
VWDWLRQV RI .R]DQOÕ 6D] /DNH D IUHVK�ZDWHU HQYLURQPHQW� � VWDWLRQ RI .XOX /DNH D EUDFNLVK
HQYLURQPHQW DQG � VWDWLRQV RI 7X] /DNH D K\SHUVDOLQH HQYLURQPHQW� $V D UHVXOW RI WKH VWXG\ �
JHQHUD DQG �� VSHFLHV DUH LGHQWLILHG RI ZKLFK �� DUH QHZ UHFRUGV IRU 7XUNH\ DQG � DUH QHZ UHFRUGV
IURP WKH IUHVKZDWHU HQYLURQPHQWV JOREDOO\� 7KH GLVWULEXWLRQ RI WKHVH �� WD[D DFFRUGLQJ WR JURXSV LV
DV IROORZLQJ� � VSHFLHV RI *URXS &KRDQRPRQDGD� � VSHFLHV RI *URXS &USWRSK\FHDH� � JHQHUD DQG
� VSHFLHV RI *URXS 6WUDPHQRSLOHV� � VSHFLHV RI *URXS )RUQLFDWD� � VSHFLHV RI *URXS -DNRELGD� �
VSHFLHV IURP RUGHU .LQHWRSODVWLGD DQG RI �� VSHFLHV IURP RUGHU (XJOHQRLGHD RI *URXS (XJOHQR]RD�
� VSHFLHV RI *URXS &HUFR]RD� JHQXV RI *URXS $PRHER]RD � VSHFLHV RI LQFHUWDH VHGLV 3URWLVWD�
'LVWULEXWLRQV RI WKH LGHQWLILHG WD[D DFFRUGLQJ WR VXSHU JURXSV DQG JURXSV� DFFRUGLQJ WR ODNHV DQG
WKH VWDWLRQV DUH H[DPLQHG DQG ZLWK WKH %UD\�&XUWLV GLVVLPLODULW\ DQDO\]H WKH VLPLODULWLHV RI ODNHV DUH
GLVFXVVHG� $V D UHVXOW� PRVW IODJHOODWHV GHVFULEHG KHUH DSSHDU WR EH FRVPRSROLWDQ DQG WKH GLYHUVLW\
LV�UHGXFHG�E\�WKH�LQFUHDVHG�VDOLQLW\�
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+�&�0�5����,QVWLWXWH�RI�0DULQH�%LRORJLFDO�5HVRXUFHV�	�,QODQG�:DWHUV��*UHHFH

+�&�0�5����,QVWLWXWH�RI�0DULQH�%LRORJLFDO�5HVRXUFHV�	�,QODQG�:DWHUV��*UHHFH

+�&�0�5����,QVWLWXWH�RI�0DULQH�%LRORJLFDO�5HVRXUFHV�	�,QODQG�:DWHUV��*UHHFH
�
.(<:25'6��25(67,$6���.$6725,$�/$.(��$48$7,&�)$81$���)/25$��$9,)$81$

1DWXUDO ODNHV FRQVLVW G\QDPLF DQG YXOQHUDEOH HFRV\VWHPV� RI VLJQLILFDQW YDOXH DQG IRUP DQ LQWHJUDO
ERQG ZLWK KXPDQV� ,Q *UHHFH� SXUVXDQW WR H[FDYDWLRQV� PDQ� KDV D GLVWDQW G\QDPLF SDVW
FRQVLGHULQJ LWV UHODWLRQVKLS WR ODNHV� 7KXV� ODNHV KDYH DOZD\V EHHQ VXEMHFW WR SUHVVXUHV� 7KLV VWXG\
LV DQ RYHUYLHZ RI .DVWRULD RU 2UHVWLDV /DNH� ORFDWHG LQ :HVWHUQ 0DFHGRQLD �*UHHFH�� QHDU WKH WRZQ
RI .DVWRULD� 7KLV ODNH LV RI WHFWRQLF RULJLQ� NDUVWLF DQG IRUPHG �� PLOOLRQ \HDUV DJR �0LRFHQH�� ,W
FRYHUV DQ DUHD RI �� NP�� KDV D PD[LPXP GHSWK RI ��� P DQG WKH ZDWHU UHVLGHQFH WLPH LQ WKH ODNH
LV ���� \HDUV� ,Q WKH SDVW LW KDV XQGHUJRQH VHYHUH SUHVVXUHV DQG PRGLILFDWLRQV DQG QRZ LW LV
FODVVLILHG DV HXWURSKLF RU K\SHUWURSKLF� :LWK UHIHUHQFH WR SK\WRSODQNWRQ PRUH WKDQ �� WD[D H[LVW�
UHSUHVHQWHG E\ GLIIHUHQW WD[RQRPLF JURXSV �H�J� 'LDWRPV� ;DQWKRSK\FHDH� &\DQREDFWHULD�
&KORURSK\WD� 'LQRIODJHOODWHV� &U\SWRSK\FHDH� (XJOHQRSK\FHDH� HWF�� ,Q WHUPV RI ILVK IDXQD� VHYHUDO
VSHFLHV LQKDELW WKH ODNH �L�J� 6FDUGLQLXV HU\WKURSKWKDOPXV� /HSRPLV JLEERVXV� 7LQFD WLQFD� (VR[
OXFLXV� &\SULQXV FDUSLR� /HXFLVFXV FHSKDOXV� HWF�� DQG EHQWKLF PDFURLQYHUWHEUDWH IDXQD� $OVR� WKHUH
LV D KLJK GLYHUVLW\ RI DYLIDXQD LQ WKH VXUURXQGLQJ DUHD �RYHU ��� VSHFLHV� H�J� 3HOHFDQXV FULVSXV�
&\FQXV RORU� 0HUJXV PHUJDQVHU� 3OHJDGLV IDOFLQHOXV� HWF�� 7KHUHIRUH� LQ RUGHU WR DYRLG D IXUWKHU
GHWHULRUDWLRQ DQG WR LPSURYH LWV VWDWXV� D SUHFLVH LPSOHPHQWDWLRQ RI WKH H[LVWLQJ OHJLVODWLRQ PXVW EH
LQ IRUFH DQG D SRWHQWLDO UHYLVLRQ VKRXOG EH FRQVLGHUHG DIWHU KDYLQJ UHYLHZHG DQG UHFRUGHG LWV
FXUUHQW HQYLURQPHQWDO VWDWXV ZLWK DQ HPSKDVLV RQ IRUPLQJ D QHZ VSHFLDO OHJLVODWLYH UHJLPH WRZDUGV
LWV�SURWHFWLRQ�
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0LOM¡ELRORJLVN�/DERUDWRUXP�$SV��'HQPDUN
�
.(<:25'6��52$'�6$/7,1*�,03$&7�21�'$1,6+�)5(6+:$7(5�/$.(6��,1&5($6,1*�6$/,1,7<�,1�'$1,6+�)5(6+:$7(5
/$.(6��1(:�/2:�6$/,1(�63(&,(6�,1�'$1,6+�)5(6+:$7(5�/$.(6

1HZ 1��ILL[LQJ &\DQREDFWHULD VSHFLHV IRU 'HQPDUN� DQG VSHFLHV WKDW DUH FKDUDFWHULVWLF IRU
EUDFNLVK ZDWHU� KDYH UHFHQWO\ EHHQ IRXQG LQ WKH VKDOORZ IUHVKZDWHU /DNH %DJVY UG� 1RUWK RI
&RSHQKDJHQ� /DNH %XHV¡ QHDU 5RVNLOGH� DQG /DNH %URPPH /LOOH QHDU 6RU¡� 5HIHUHQFH YDOXHV RI
VDOLQLW\ LQ WKH WKUHH ODNHV RQO\ H[LVW IURP /DNH %DJVY UG ����� ZKHUH WKH \HDUO\ PHDQ LQ ���� ZDV
����� J &O�� /��  ����� R�RR �2OULN ������ 0HDVXUHPHQWV RI VDOLQLW\ LQ WKH ODNH ���������� DQG
����� VKRZ WKDW LW KDV ULVHQ E\ D IDFWRU ��� WR ����������� R�RR� ,Q /DNH %XHV¡ ������ WKH VDOLQLW\
ZDV ����������� R�RR� DQG LQ /DNH %URPPH /LOOHV¡ ������ LW ZDV ����������� R�RR �'DQPDUNV
0LOM¡SRUWDO�� ,Q 'HQPDUN� WKH XVH RI URDG VDOWLQJ LQ ZLQWHU ZDV LQWURGXFHG LQ ����� 6LQFH WKHQ� LW KDV
LQFUHDVHG WR DQ DYHUDJH RI ������� 7RQV \U��  � 7RQV NP� <U��� LQ KDUG ZLQWHUV XS WR �������
7RQV  ���� 7RQV NP� <U���*(86 ������ 7KH SURSRUWLRQ RI URDG VDOW VHHSDJH LQWR VXUIDFH ZDWHU
DQG JURXQGZDWHU LQ 'HQPDUN LV SRRUO\ NQRZQ� 6R IDU� WKH VDOLQLW\ LQ WKH WKUHH ODNHV LQ WKLV SDSHU LV
VWLOO ZLWKLQ WKH IUHVKZDWHU ERXQGDU\ ��� R�RR�EXW WKH LQFUHDVH LQ VDOLQLW\ LQ /DNH %DJVY UG E\ D
IDFWRU ��� VLQFH ���� GRFXPHQWV WKDW LW LV ULVLQJ DQG SUREDEO\ ZLOO FRQWLQXH WR GR VR� 7KLV SDSHU
VKRZV WKDW WKH IUHVKZDWHU IORUD LQ WKH ODNHV LV XQGHU EHJLQQLQJ VWUHVV IURP PRUH VDOW WROHUDQW
VSHFLHV ZLWK DQ LQFUHDVH LQ QXPEHU DQG ELRYROXPH RI PHVRKDOREH &\DQREDFWHULD DQG GLDWRPV
IURP�WKH�VDOLQLW\�UDQJH���������R�RR�
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,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK��(QYLURQPHQW�	�3ULPDU\�3UHYHQWLRQ�'HSW��(QYLURQPHQWDO�4XDOLW\�DQG
)LVKIDUP�8QLW��,WDO\

,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK��(QYLURQPHQW�	�3ULPDU\�3UHYHQWLRQ�'HSW��(QYLURQPHQWDO�4XDOLW\�DQG
)LVKIDUP�8QLW��,WDO\

,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK��(QYLURQPHQW�	�3ULPDU\�3UHYHQWLRQ�'HSW��(QYLURQPHQWDO�4XDOLW\�DQG
)LVKIDUP�8QLW��,WDO\

,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK��(QYLURQPHQW�	�3ULPDU\�3UHYHQWLRQ�'HSW��(QYLURQPHQWDO�4XDOLW\�DQG
)LVKIDUP�8QLW��,WDO\

,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK��(QYLURQPHQW�	�3ULPDU\�3UHYHQWLRQ�'HSW��(QYLURQPHQWDO�4XDOLW\�DQG
)LVKIDUP�8QLW��,WDO\

1DWLRQDO�,QVWLWXWH�RI�+HDOWK��(QYLURQPHQW�	�3ULPDU\�3UHYHQWLRQ�'HSW��(QYLURQPHQWDO�4XDOLW\�DQG�)LVKIDUP
8QLW��,WDO\

1DWLRQDO�,QVWLWXWH�RI�+HDOWK��(QYLURQPHQW�	�3ULPDU\�3UHYHQWLRQ�'HSW��(QYLURQPHQWDO�4XDOLW\�DQG�)LVKIDUP
8QLW��,WDO\
�
.(<:25'6��$57,),&,$/�68%675$7(6��6$03/,1*���%(17+,&�',$7206

'LDWRPV DUH VHQVLWLYH DOJDH WR HQYLURQPHQWDO FKDQJHV RI DTXDWLF HFRV\VWHPV� IUHVKZDWHU GLDWRPV
DUH ZHOO VWXGLHG� WKRVH ZKR OLYH LQ WUDQVLWLRQDO ZDWHUV DUH SRRUO\ NQRZQ� &RQVLGHULQJ DOVR WKH
UHTXLUHPHQWV RI WKH :DWHU )UDPH 'LUHFWLYH DQ H[WHQVLRQ RI WKH NQRZOHGJH RQ VWUXFWXUH RI EHQWKLF
GLDWRP FRPPXQLWLHV LV QHFHVVDU\ WR IXWXUH DVVHVVPHQW RI HFRORJLFDO VWDWXV LQ WKHVH HFRV\VWHPV�
6WDQGDUG SURFHGXUH IRU VDPSOLQJ DQG WUHDWPHQW RI GLDWRP FRPPXQLWLHV RI WUDQVLWLRQDO ZDWHU KDYH
QRW EHHQ GHYHORSPHQW \HW� 7KLV VWXG\ DLPV WR VHW PHWKRGV IRU GLDWRP VDPSOLQJ� XVLQJ DUWLILFLDO
VXEVWUDWHV� $UWLILFLDO VXEVWUDWHV KDYH EHHQ FRPSRVHG E\ �� VOLGHV RI SOH[LJODVV OLQNHG E\ D PHWDO
VWULQJ� IDU � PP IURP HDFK RWKHU� DLPLQJ WR LQYHVWLJDWHG WKH HIIHFW RI OLJKW� WXUELGLW\ DQG GHHS RQ
GLDWRP FRPPXQLWLHV� 7KLV VWXG\ ZDV SHUIRUPHG RQ 2UEHWHOOR /DJRRQ� VXEVWUDWHV ZHUH SODFHG LQ �
VLWHV DQG ZHUH FROOHFWHG DIWHU RQH PRQWK LQ RUGHU WR DOORZ WKH FRORQL]DWLRQ RI GLDWRP FRPPXQLWLHV�
'LDWRP ZHUH LGHQWLILHG DW VSHFLHV OHYHO DQG DEXQGDQFH ZDV HVWLPDWHG� $ WRWDO RI �� IUHVKZDWHU�
EUDFNLVK DQG PDULQHV VSHFLHV ZHUH LGHQWLILHG� 'LDWRP FRPPXQLW\ VWUXFWXUH FKDQJHG DORQJ WKH ��
VOLGHV� IURP WKH DEXQGDQFH RI SODQNWRQLF VSHFLHV RQ WKH VXUIDFH WR WKH RQO\ SUHVHQFH RI WKRVH DQG
DEXQGDQFH RI EHQWKLF VSHFLHV� 'XH WR WKH ODFN RI QDWXUDO DYDLODEOH VXEVWUDWHV PRUH VXLWDEOH IRU
GLDWRP VXFK DV VWRQHV� SHEEOHV DQG PDFURSK\WHV LQ WUDQVLWLRQDO ZDWHU� DUWLILFLDO VXEVWUDWHV UHVXOWHG
DV�D�XVHIXO�WRRO�LQ�RUGHU�WR�EH�DEOH�WR�FRPSDUH�GDWD�IURP�GLIIHUHQW�HFRV\VWHPV�
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,VWDQEXO�8QLYHUVLW\��)DFXOW\�RI�)LVKHULHV��7XUNH\

,VWDQEXO�8QLYHUVLW\��)DFXOW\�RI�)LVKHULHV��7XUNH\

,VWDQEXO�8QLYHUVLW\��)DFXOW\�RI�)LVKHULHV��7XUNH\

,VWDQEXO�8QLYHUVLW\��)DFXOW\�RI�)LVKHULHV��7XUNH\

,VWDQEXO�8QLYHUVLW\��)DFXOW\�RI�)LVKHULHV��7XUNH\
�
.(<:25'6��0,&52&<67,6��=223/$1.721��:$7(5�48$/,7<

7KH DLP RI WKLV VWXG\ LV WR GHWHUPLQH WKH FRPSRVLWLRQ DQG DEXQGDQFH RI ]RRSODQNWRQ LQ UHODWLRQ
ZLWK WKH DEXQGDQFH RI 0LFURF\VWLV DHUXJLQRVD DQG HQYLURQPHQWDO FRQGLWLRQV DW WKH GHHSHVW SDUW RI
WKH K\SHUHXWURSKLF .�o�NoHNPHFH /DJRRQ� 0LFURF\VWLV LV D ZHOO�NQRZQ F\DQREDFWHULDO JHQXV
IUHTXHQWO\ SURGXFLQJ KHSDWRWR[LQV QDPHG PLFURF\VWLQV� ,W FDQ IRUP KDUPIXO DOJDO EORRPV LQ
IUHVKZDWHU ERGLHV DQG DOVR VRPH HVWXDULHV ZRUOGZLGH� 0LFURF\VWLQV DIIHFW KXPDQ KHDOWK DQG
ZLOGOLIH DGYHUVHO\� 7KH EORRP RI 0LFURF\VWLV DQG LWV WR[LQV HIIHFW ]RRSODQNWRQ JURZWK DQG VXUYLYDO�
7KHLU QXWULWLRQDOO\ SRRU IRRG TXDOLW\ DQG ODUJH GLDPHWHU RI FRORQLHV� PDNHV WKHP GLIILFXOW WR LQJHVW E\
]RRSODQNWRQ VSHFLHV� %RWK WKH FKDQJLQJ HQYLURQPHQWDO FRQGLWLRQV DQG 0LFURF\VWLV EORRP PD\
H[SODLQ WKH DOWHUDWLRQ RI ]RRSODQNWRQ FRPSRVLWLRQ DQG DEXQGDQFH LQ WKH ILHOG VWXGLHV� 'XULQJ WKH
VWXG\ SHULRG� D WRWDO RI �� ]RRSODQNWRQ WD[D ZHUH IRXQG LQ WKH ODJRRQ� 5RWLIHUD �HVSHFLDOO\ .HUDWHOOD
FRFKOHDULV ������� ZHUH GHWHUPLQHG DV WKH PRVW DEXQGDQW JURXS LQ WKH ]RRSODQNWRQ IDXQD DQG
&RSHSRGD ZHUH WKH VHFRQG RQH �������� ZLWK WKH DEXQGDQF\ RI $FDUWLD FODXVL ��������� 2Q WKH
RWKHU KDQG� 0LFURF\VWLV FHOO QXPEHUV UHDFKHG WKHLU PD[LPXP YDOXH LQ -XQH DW WKH VXUIDFH ZLWK
LQFUHDVLQJ OLJKW DQG WHPSHUDWXUH� 5HVXOWV ZHUH HYDOXDWHG VWDWLVWLFDOO\� $V D UHVXOW� DEXQGDQFH RI
WRWDO�]RRSODQNWRQ�ZHUH�DIIHFWHG�QHJDWLYHO\�E\�0LFURF\VWLV�DEXQGDQFH��
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1DSOHV�8QLYHUVLW\�)HGHULFR�,,��,WDO\�
�
.(<:25'6��%5$&.,6+�:$7(5�/$.(6��32//87,21��5(&/$0$7,21�2)�/$.(6

7KH ³FDPSL IOHJUHL´ LV D QRUWK�ZHVWHUQ DUHD RI 1DSOHV �,WDO\� RI YROFDQLF RULJLQ �³IOHJUHR´� LQ DQFLHQW
JUHHN �ĳȜİȖȦ�� PHDQV ³EXUQLQJ´� WR�GD\ H[WLQFW EXW ZLWK VRPH PRUH SKHQRPHQD �JDV OHDNV� PLFUR�
HDUWKTXDNHV � LQ WKH \HDUV ������� QRW OHVV WKDQ ������ VKRFNV� PRUH WKDQ D KXQGUHG IHOW E\ WKH
SRSXODWLRQ �� ³EUDGLVHLVP´� HWF��� *HRORJLFDOO\ WKHUH DUH ODUJH GHSRVLWV RI YROFDQLF VWRQHV DV WKH
JUD\ DQG \HOORZ FDPSDQR WXID� 7KH DUHD KDV KXJH KLVWRULFDO� ODQGVFDSLQJ DQG WHUULWRULDO
LPSRUWDQFH ZKLOH� ZDUP DQG KHDOLQJ VSULQJ ZDWHUV� LPSUHVVLYH DUFKDHRORJLFDO UXLQV RI WKH 5RPDQ
LPSHULDO DJH� ZRQGHUIXO UXLQV RI UHVLGHQWLDO YLOODV RI URPDQ HPSHURUV DQG VHQDWRUV� DPSKLWKHDWUHV�
HWF� 7KHUH DUH DOVR VRPH VPDOO EUDFNLVK ZDWHUV ODNHV ZKRVH PRVW LPSRUWDQW LV WKH )XVDUR/DNH�
VHSDUDWHG IURP WKH VHD E\ D QDUURZ VDQG\ GXQH� ,W KDV D YROXPH RI DERXW � PLOOLRQ FX�P DQG VHD
EDWKLQJ HVWDEOLVKPHQWV GXQHV DUH DORQJ WKH VDQG ZKLOH WKH KLQWHUODQG LV KHDYLO\ XUEDQL]HG� 2Q WKH
ODNHEHG DUH VHZDJH DQG LQRUJDQLF VOXGJH GLVFKDUJHG E\ VHZHUV DQG WRUUHQW¶V UDLQ ZDWHUV DUULYLQJ
IURP WKH DERXW ��� KHFWDUV K\GURORJLFDO FDWFKPHQW DUHD� 7KH FRQQHFWLRQ ZLWK WKH VHD RFFXUV E\
WKUHH DUWLILFLDO RXWOHWV � WRGD\ DOPRVW FRPSOHWHO\ REVWUXFWHG � ZKLFK UHJXODWHG WKH HQWUDQFH DQG WKH
IORZ RI VHD ZDWHU� 7KH ILVK DQG PXVVHO IDUPV� DFWLYLWLHV WKDW WRRN SODFH IURP WKH URPDQ WLPHV� DUH
QRZ YLUWXDOO\ QRQ�H[LVWHQW IRU WKH VDQLWDU\ KD]DUGV LQGXFHG E\ VHZDJH SROOXWLRQ� DQG� DV HYLGHQFHG
E\ FKHPLFDO� SK\VLFDO DQG ELRORJLFDO DQDO\VLV� WKH HFRV\VWHP LV DOWHUHG ZLWKRXW DQ\ XVH IRU
SURGXFWLYH SXUSRVHV� $W WKH WLPH DUH EHJLQQLQJ KHDY\ ZRUNV RI UHFODPDWLRQ RI WKH ODNH� DV WKH
RSHQLQJ RI WKH RXWOHWV DQG WKH UHJXODWLRQ RI WKH PRYHPHQW RI VHD ZDWHUV E\ VOXLFHV� WKH
FRQVWUXFWLRQ�RI�QHZ�VHZHUV�DQG�D�FRQVWDQW�VXUYH\�RI�WKH�ZKROH�HFRV\VWHP�
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=RRORJLFDO�,QVWLWXWH�5$6��6W��3HWHUVEXUJ��5XVVLD

=RRORJLFDO�,QVWLWXWH�5$6��6W��3HWHUVEXUJ��5XVVLD

$UDO�EUDQFK�RI�.D]DNK�5HVHDUFK�,QVWLWXWH�RI�)LVKHU\��$UDOVN��.D]DNKVWDQ
�
.(<:25'6��%$/7,&�6($��$5$/�6($��6$/,1(�/$.(6

=RQH RI FULWLFDO VDOLQLW\� RWKHUZLVH DOSKD Į�KRURKDOLQLFXP ]RQH LQ WKH %DOWLF 6HD DQG WKH IRUPHU $UDO
6HD RFFXSLHV RU RFFXSLHG PRVW RI WKHLU ZDWHUV� %RWK ZDWHU ERGLHV FDQ EH FDOOHG ³FULWLFDO´ VHDV� 2XU
VWXGLHV DUH EDVHG RQ WKH IROORZLQJ VFLHQWLILF DSSURDFKHV� JHQHUDO WKHRU\ RI RVPRUHJXODWLRQ DQG
RVPRWLF WROHUDQFH RI DTXDWLF RUJDQLVPV� ,/�%0 �,QWHJUDWHG /HQWLF DQG /RWLF %DVLQ� FRQFHSW�
HFRSK\VLRORJLFDO YLHZV� :H DOVR UHO\ RQ SDOHROLPQRORJLFDO GDWD� %DOWLF LV \RXQJ VHD� 'XULQJ JODFLDO
DJH LW ZDV FROG ODNH KDYLQJ JRW FRQQHFWLRQ ZLWK WKH :RUOG 2FHDQ RQO\ UHFHQWO\� %DOWLF UHWDLQV PDQ\
ODFXVWULQH IHDWXUHV� ,W LV VPDOO DQG VHPL�FORVHG� ,WV ZDWHUV KDYH VPRRWK VDOLQLW\ JUDGLHQW�
%LRGLYHUVLW\ LV UHODWLYHO\ ORZ EXW XQLTXH DQG UHTXLUHV VSHFLDO SURWHFWLRQ� ,Q WKH VHD WKHUH DUH
ROLJRKDOLQH DQG PHVRKDOLQH ZDWHUV ZLWK VSHFLILF ELRWD� *XOIV RI )LQODQG DQG %RWKQLD DUH WKH PRVW
IUHVKHQHG� &HQWUDO %DOWLF LV PHVRKDOLQH� 2QO\ .DWWHJDW DQG 6RXQG DUH SRO\KDOLQH� %DOWLF LV PRUH
ODNH WKDQ VHD� ,WV XQLTXH EUDFNLVK HFRV\VWHP QHHGV WR EH UDLVHG DQG JHW WKH VDPH SURWHFWHG VWDWXV
DV WKH &DVSLDQ RQH� 7KH $UDO 6HD LV DOVR \RXQJ �VRPH WHQV RI WKRXVDQGV \HDUV�� ,W LV VDOLQH ODNH RI
DULG ]RQH� WHUPLQDO UHVHUYRLU RI $PX 'DU\D DQG 6\U 'DU\D� ,WV K\GURORJLFDO UHJLPH LV GHWHUPLQHG E\
ULYHUV� )RU QDWXUDO UHDVRQV DQG EHFDXVH RI LUULJDWHG DJULFXOWXUH GHYHORSPHQW LQ WKH ULYHULQH EDVLQV
$UDO XQGHUZHQW UHJUHVVLRQV DQG WUDQVJUHVVLRQV� EXW RQO\ PRGHUQ UHJUHVVLRQ ZDV FDWDVWURSKLF IRU
ELRWD� 1RZDGD\V GDP LQ WKH IRUPHU %HUJ 6WUDLW DOORZHG SDUWLDO UHVWRUDWLRQ RI WKH 1RUWKHUQ $UDO�
%DOWLF�DQG�$UDO�DUH�VLVWHU�ZDWHU�ERGLHV�
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=RRORJLFDO�,QVWLWXWH�RI�5$6��6W��3HWHUVEXUJ��5XVVLD

$VWUDNKDQ�3HGDJRJLFDO�8QLYHUVLW\��5XVVLD

=RRORJLFDO�,QVWLWXWH�RI�5$6��6W��3HWHUVEXUJ��5XVVLD
�
.(<:25'6��&$63,$1�6($��%,27$��6$/,1(�/$.(6

&ULWLFDO VDOLQLW\ ]RQH� RWKHUZLVH Į�KRURKDOLQLFXP ]RQH� LQ PRGHUQ &DVSLDQ RFFXSLHV PRVW RI LWV
QRUWKHUQ ZDWHU DUHD� 1RUWKHUQ &DVSLDQ FDQ EH FDOOHG ³FULWLFDO´ ZDWHU ERG\� 2XU VWXGLHV DUH EDVHG
RQ WKH IROORZLQJ VFLHQWLILF DSSURDFKHV� JHQHUDO WKHRU\ RI RVPRUHJXODWLRQ DQG RVPRWLF WROHUDQFH RI
DTXDWLF RUJDQLVPV� ,/�%0 �,QWHJUDWHG /HQWLF DQG /RWLF %DVLQ� FRQFHSW DQG HFRSK\VLRORJLFDO YLHZV�
:H DOVR UHO\ RQ SDOHROLPQRORJLFDO GDWD� &DVSLDQ LV YHU\ ROG VHD� 7KHUH ZHUH WUDQVJUHVVLRQ SHULRGV
DQG VWURQJ IUHVKHQLQJ RI LW ZKHQ Į�KRURKDOLQLFXP ]RQH RFFXSLHG DOPRVW WKH ZKROH VHD� %XW WKHUH
ZHUH UHJUHVVLRQ SHULRGV ZKHQ Į�KRURKDOLQLFXP ]RQH ZDV PXFK VPDOOHU� &DVSLDQ VRPHWLPHV KDG
FRQQHFWLRQ ZLWK WKH :RUOG 2FHDQ WKURXJK WKH DQFLHQW 0DQ\FK 6WUDLW� &DVSLDQ UHWDLQV PDQ\
ODFXVWULQH DQG PDULQH IHDWXUHV VLPXOWDQHRXVO\� 1RZDGD\V &DVSLDQ LV WKH ODUJHVW LQ WKH :RUOG
VDOLQH ODNH DQG WHUPLQDO UHVHUYRLU IRU PDQ\ ULYHUV� &DVSLDQ ZDWHUV KDYH VPRRWK VDOLQLW\ JUDGLHQW
DQG XQLTXH EUDFNLVK HQGHPLF ELRWD� %LRGLYHUVLW\ RI &DVSLDQ LV YHU\ KLJK� LW LV XQLTXH DQG UHTXLUHV
VSHFLDO PHDVXUHV WR SURWHFW LW� ,Q &DVSLDQ WKHUH DUH ROLJRKDOLQH�EUDFNLVK 1RUWKHUQ &DVSLDQ DQG
PHVRKDOLQH 0LGGOH DQG 6RXWKHUQ &DVSLDQ ZLWK VSHFLILF ELRWD� 7KH PRVW VDOLQH LV K\SHUVDOLQH *XOI RI
.DUD�%RJD]�*RO� $OWKRXJK &DVSLDQ LV PXFK ROGHU WKDQ $UDO DQG %DOWLF� LW FDQ EH FRQVLGHUHG DV D
³EURWKHU´ ZDWHU ERG\ WR WKH ERWK RI WKHP� 0DQ\ LPPLJUDQWV IURP &DVSLDQ FDQ HDVLO\ DGDSW WR
FRQGLWLRQV RI %DOWLF DQG $UDO� ,QYDVLYH VSHFLHV IURP &DVSLDQ DUH FRPLQJ WR %DOWLF LQ EDOODVW ZDWHUV
RU DWWDFKHG WR VKLSV DQG QDWXUDOL]HG HDVLO\� &DVSLDQ FUHDWXUHV LQWURGXFHG E\ PDQ LQ $UDO DOVR IRXQG
KHUH�D�VHFRQG�KRPH�
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*UDGXDWH�6FKRRO�RI�(QJLQHHULQJ��1DJDVDNL�8QLYHUVLW\��-DSDQ

*UDGXDWH�6FKRRO�RI�(QJLQHHULQJ��1DJDVDNL�8QLYHUVLW\��-DSDQ
�
.(<:25'6��68/)$7(�5('8&,1*�%$&7(5,$��0$*1(6,80�+<'52;,'(��6(',0(17�,03529(0(17

,Q UHFHQW \HDUV� WKH GHWHULRUDWLRQ RI VHGLPHQW HQYLURQPHQW EHFDPH LQFUHDVLQJO\ DSSDUHQW DQG KDG
IDOOHQ LQWR D PDOLJQDQW FLUFOH� 7KH K\GURJHQ VXOILGH SURGXFHG IURP SROOXWHG VHGLPHQWV LQ VDOLQH RU
EUDFNLVK ODNHV VSHFLDOO\ FDXVHV D ELJ GDPDJH WR EHQWKRV DQG ILVKHV� ,Q SDUWLFXODU FDJH
DTXDFXOWXUHV ZHUH IUHTXHQWO\ DWWDFNHG ZKHQ ODFN RI GLVVROYHG R[\JHQ LQ WKH ERWWRP OD\HU RFFXUV�
0DJQHVLXP K\GUR[LGH KDV EHHQ DSSOLHG WR LPSURYH VXFK SROOXWHG VHGLPHQWV� EHFDXVH LW ZDV
HPSLULFDOO\ NQRZQ WKDW K\GURJHQ VXOILGH SURGXFWLRQ ZDV VXSSUHVVHG�,W LV� RI FRXUVH� HDV\ WR
VXSSRVH WKDW WKH DFWLRQ LV FRUUHODWHG ZLWK WKH DFWLYLW\ RI VXOIDWH�UHGXFLQJ EDFWHULD LQ WKH VHGLPHQW� ,Q
WKLV VWXG\� ZH FDUULHG RXW WKH FROXPQ H[SHULPHQWV WR DQDO\]H RQ WKH HIIHFW RI PDJQHVLXP K\GUR[LGH
IRU VXOIDWH�UHGXFLQJ EDFWHULD DQG WKH RWKHU EDFWHULD UHODWHG ZLWK VXOIXU F\FOH LQ WKH VHGLPHQW XVLQJ
TXDQWLWDWLYH�3&5�DQG�RWKHU�PROHFXODU�HFRORJLFDO�WHFKQLTXHV�
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'HSDUWPHQW�RI�$TXDFXOWXUH��.DUQDWDND�9HWHULQDU\��$QLPDO�DQG�)LVKHULHV�6FLHQFHV��&ROOHJH�RI�)LVKHULHV�
0DQJDORUH��,QGLD

,Q ,QGLD� OLNH LQ VHYHUDO FRXQWULHV� VHYHUDO H[RWLF ILVKHV KDYH IRXQG HQWU\ RIILFLDOO\ RU FODQGHVWLQHO\�
ZLWK PRVW RI WKHP ILQGLQJ WKHLU ZD\ WKURXJK WKH ODWWHU PHDQV� :KLOH JUDVV FDUS� VLOYHU FDUS DQG
FRPPRQ FDUS KDYH KHOSHG ERRVW IUHVKZDWHU DTXDFXOWXUH SURGXFWLRQ� WURXWV KDYH FRQWULEXWHG WR HFR�
WRXULVP DV D VSRUW ILVK DSDUW IURP IRUPLQJ D JRRG IRRG ILVK� 7KH LQWURGXFWLRQ RI VLOYHU FDUS LQ WKH
*RYLQG 6DJDU UHVHUYRLU �+LPDFKDO 3UDGHVK� DQG .DO\DQL UHVHUYRLU �0DGK\D 3UDGHVK�� KDV
QHJDWLYHO\ LPSDFWHG� UHVXOWLQJ LQ WKH GHFOLQH RI WKH SRSXODWLRQ RI FDWOD� WKH GRPLQDQW QDWLYH VSHFLHV�
GXH WR RYHUODSSLQJ IHHGLQJ KDELWV� 7KH SUHVHQFH RI FRPPRQ FDUS LQ GLIIHUHQW ODNHV RI .DVKPLU DQG
0DQLSXU 6WDWHV KDV VLJQLILFDQWO\ DIIHFWHG WKH SRSXODWLRQ RI WKH QDWLYH WURXW �6FKL]RWKRUD[ VSS��� 7KH
LQIHVWDWLRQ RI WLODSLD LQ $PUDYDWL DQG 9DLJDL UHVHUYRLUV DQG 3RZDL DQG -DLVDZDQG ODNHV KDV
HOLPLQDWHG DOPRVW DOO RWKHU VSHFLHV� LQFOXGLQJ WKH PDMRU FDUSV DQG WKH LQGLJHQRXV FDWILVKHV� GXH WR
LWV SUROLILF EUHHGLQJ DQG RPQLYRURXV IHHGLQJ KDELWV� ,Q .DUQDWDND� WKH -DZD WLODSLD KDV EHFRPH D
PHQDFH LQ LUULJDWLRQ WDQNV� ULYHUV DQG UHVHUYRLUV� WKHUHE\ GUDVWLFDOO\ UHGXFLQJ WKH QDWLYH ILVK IDXQD
DQG KHQFH KDV EHHQ FRQVLGHUHG D SHVW� ,W DFFRXQWV IRU DERXW ������ RI WKH WRWDO JLOO QHW FDWFK RI
WKH 9�9� 6DJDU UHVHUYRLU RI .DUQDWDND� ,W LV SHUFHLYHG WKDW LWV SUROLILF EUHHGLQJ� SDUHQWDO FDUH�
RYHUODSSLQJ IHHGLQJ KDELW DQG IDVWHU JURZWK UDWH KDYH UHVXOWHG LQ WKH GLVDSSHDUDQFH RI VRPH ORFDO
YDULHWLHV RI ILVKHV WKDW ZHUH VKDULQJ VLPLODU QLFKH LQ WKH ZDWHU ERGLHV� WKHUHE\ SRVLQJ D JUHDW
FKDOOHQJH IRU HIIHFWLYH FRQWURO DQG PDQDJHPHQW� ,Q VHYHUDO RWKHU 6WDWHV� WKH WLODSLD LV UHJDUGHG DV D
ZHHG�ILVK GXH WR LWV FRPSHWLWLRQ ZLWK QDWLYH VSHFLHV� ,W LV QRZ ZHOO HVWDEOLVKHG LQ PDMRU WDQNV DQG
UHVHUYRLUV FRPLQJ XQGHU .ULVKQD� &DXYHU\� *RGDYDUL DQG :HVW IORZLQJ ULYHU GUDLQDJHV� LQFOXGLQJ
HVWXDULHV� 1DWXUDO K\EULGL]DWLRQ EHWZHHQ WKH QRQ�QDWLYH DQG QDWLYH VSHFLHV KDV FKDQJHG WKH
FRPSRVLWLRQ RI ILVK IDXQD RI LQODQG ZDWHUV RI ,QGLD� 1DWXUDO K\EULGV RI FRPPRQ FDUS DUH DYDLODEOH LQ
WKH ULYHUV RI *DQJD DQG <DPXQD� ZKHUHDV K\EULGV RI ,QGLDQ PDMRU FDUSV DQG &KLQHVH FDUSV DUH
IRXQG LQ UHVHUYRLUV DQG ODNHV� 'XH WR LWV HDVH RI EUHHGLQJ LQ FDSWLYLW\� DGDSWDELOLW\ WR YDU\LQJ
HQYLURQPHQWDO FRQGLWLRQV DQG UHODWLYHO\ IDVWHU JURZWK UDWH� WKH FRPPRQ FDUS KDV VSUHDG RYHU WKH
OHQJWK DQG EUHDGWK RI WKH .DUQDWDND 6WDWH DQG FRQWULEXWHV VLJQLILFDQWO\ WR WKH LQODQG ILVK SURGXFWLRQ
RI WKH 6WDWH� 7KLV LV RQH RI WKH SUHGRPLQDQW VSHFLHV WKDW LV EUHG DQG VWRFNHG LQ PRVW RI WKH ZDWHU
ERGLHV� 3UHVHQWO\� WKLV VSHFLHV FRQVWLWXWHV ��� RI WRWDO VHHG VWRFNHG LQ YDULRXV ZDWHU ERGLHV LQ WKH
6WDWH� ,W LV IRXQG WR KDYH EURXJKW DERXW GHFOLQH RI WKH HQGHPLF ILVKHV DQG DOVR HOLPLQDWHG
LQGLJHQRXV ILVK DV H[HPSOLILHG E\ WKH WRWDO GLVDSSHDUDQFH RI 3XQWLXV GXELXV LQ .ULVKQDUDMDVDJDU
UHVHUYRLU DQG D PDUNHG GHFOLQH LQ WKH SRSXODWLRQ RI RWKHU LQGLJHQRXV ILVKHV OLNH 3� FDUQDWLFXV�
&LUUKLQXV FLUUKRVD DQG /DEHR ILPEULDWXV� 7KH VXFNHU�PRXWK FDWILVK �3WHU\JRSOLFKWK\V
PXOWLUDGLDWXV�� LQWURGXFHG DV DQ RUQDPHQWDO ILVK� KDV IRXQG HQWU\ LQWR WKH LQODQG ZDWHUV RI .HUDOD
6WDWH VXFK DV 9HPEDQDG /DNH LQ .RFKL DQG ZDWHU ERGLHV RI 9\ODWKXU YLOODJH LQ 7KULVVXU DQG WKH
&KDFNDL FDQDO LQ 7KLUXYDQDQWKDSXUDP� 'XH WR LWV SK\WRSKDJRXV QDWXUH� LW LV SUHVXPHG WKDW LW PLJKW
DGYHUVHO\ DIIHFW WKH RWKHU KHUELYRURXV ILVK IDXQD� 7KH SUHVHQFH RI WKH UHG�EHOOLHG SDFX �3LDUDFWXV
EUDFK\SRPXV� KDV EHHQ UHSRUWHG IURP WKH 3HUL\DU ULYHU LQ .HUDOD DQG WKH 'LPEKH UHVHUYRLU QHDU
3XQH� 0DKDUDVKWUD� 3DFX LV NQRZQ WR FDXVH HFRQRPLF ORVVHV WR ILVKHUV E\ GDPDJLQJ WKHLU JHDU�
SDUWLFXODUO\ FDVW QHWV DQG JLOO QHWV� )DUPHUV FXOWXUH SDFX LQ SRO\FXOWXUH ZLWK FDUSV� SHU VH
FDUQLYRURXV� 6LPLODUO\� 3LUDQKD� 3\JRFHQWUXV QDWWHUHUL LV IRXQG WR KDYH HVWDEOLVKHG LQ QDWXUDO ZDWHU
ERGLHV RI .HUDOD� 'XH WR LWV KLJKO\ LQYDVLYH QDWXUH� WKH 0LQLVWU\ RI $JULFXOWXUH� 1HZ 'HOKL� KDV
DOUHDG\ EDQQHG WKLV VSHFLHV� 7KH JLDQW $IULFDQ FDWILVK� &ODULDV JDULHSLQXV ZDV VHFUHWO\ EURXJKW LQWR
PRVW RI WKH 6WDWHV RI ,QGLD RZLQJ WR LWV PXFK IDVWHU JURZWK UDWH WKDQ WKH QDWLYH FDW ILVK� &ODULDV
EDWUDFKXV� %XW LW ZDV VRRQ IRXQG WR EH D PDMRU WKUHDW WR WKH QDWLYH ILVK IDXQD DQG KHQFH LWV VHHG
SURGXFWLRQ� IDUPLQJ DQG PDUNHWLQJ KDV EHHQ EDQQHG� 'HVSLWH WKH EDQ� LW KDV EHHQ JDLQLQJ
SRSXODULW\ DPRQJ WKH IDUPHUV RI 3XQMDE� 8WWDU 3UDGHVK� :HVW %HQJDO� $QGKUD 3UDGHVK� 2ULVVD�
%LKDU� .DUQDWDND� $VVDP DQG RWKHU 6WDWHV DV DQ HFRQRPLFDOO\ YLDEOH DOWHUQDWLYH VSHFLHV WR ,QGLDQ
PDMRU FDUSV� &� JDULHSLQXV DFFRXQWHG IRU QHDUO\ ��� RI WKH WRWDO FDWFK IURP WKH ULYHU <DPXQD LQ D
VLQJOH GD\� ZLWK ZHLJKWV UDQJLQJ EHWZHHQ � DQG � NJ� 7KRXJK QRW RIILFLDOO\ LQWURGXFHG� LW KDV PDGH
LWV HQWU\ LQWR .DUQDWDND WKURXJK VHHG VXSSOLHV IURP $QGKUD 3UDGHVK DQG :HVW %HQJDO� WKH OHDGLQJ

���

��WK�:RUOG�/DNH�&RQIHUHQFH�������6HSWHPEHU�������3HUXJLD��,WDO\



6WDWHV LQ IDUPHG ILVK SURGXFWLRQ RI WKH FRXQWU\� ,Q WKH +HPDYDWKL UHVHUYRLU RI .DUQDWDND�
VSHFLPHQV ZHLJKLQJ ����� NJ DUH RIWHQ FDXJKW XVLQJ JLOO QHW DQG WKH FXOWLYDWLRQ RI WKLV ILVK VWLOO JRHV
RQ FODQGHVWLQHO\ RQ WKH RXWVNLUWV RI %DQJDORUH� .RODU� +DVVDQ� 7XPNXU� +DYHUL� 0DQJDORUH HWF� &�
JDULHSLQXV LV DOVR DYDLODEOH LQ WKH QHLJKERXULQJ GLVWULFW RI .DVDUDJRG LQ .HUDOD� ,W KDV LQYDGHG
ULYHUV� UHVHUYRLUV DQG WDQNV� FDXVLQJ D WKUHDW WR DTXDWLF ELRGLYHUVLW\ DQG KDV HYHQ OHDG WR D
UHGXFWLRQ LQ WKH QXPEHU DQG VL]H RI VSHFLPHQV RI LQGLJHQRXV ILVKHV IURP RXU ZDWHUV� 7KH *XSS\�
/HELVWHV UHWLFXODWXV LV UHSRUWHG WR KDYH HVWDEOLVKHG LQ LUULJDWLRQ WDQNV� ULYHUV DQG UHVHUYRLUV RI
6KLPRJD� 'DYDQJHUH� &KLFNPDJDOXU DQG &KLWUDGXUJD GLVWULFWV RI .DUQDWDND� :LOG FROOHFWLRQV RI WKLV
ILVK DUH URXWLQHO\ VXSSOLHG WR PXQLFLSDOLWLHV�FRUSRUDWLRQV IRU UHOHDVLQJ LQ RSHQ ZDWHUV DV D PHDVXUH
WR FRQWURO PDODULD� ,Q VRPH SODFHV� LW KDV EHHQ FRQVLGHUHG DQ LGHDO ILVK IRU FRQWUROOLQJ PDODULD UDWKHU
WKDQ DQ RUQDPHQWDO ILVK� 7KH PRVTXLWR ILVK �*DPEXVLD DIILQLV�� DQRWKHU ODUYLFLGDO ILVK� KDV
SUDFWLFDOO\ HOLPLQDWHG WKH LQGLJHQRXV VSHFLHV LQ 2RW\ /DNH LQ 7DPLO 1DGX� GDPDJLQJ WKH HFRQRP\
RI WKH ODNH DUHD� ,Q .DUQDWDND� LW KDV HVFDSHG LQWR RSHQ ZDWHUV OLNH VZDPSV� PDUVKHV� ZHOOV DQG
ZDVWHZDWHUV RI 0DQJDORUH DQG KDV EHFRPH D SHVW LQ DTXDFXOWXUH SRQGV� 7KH *LDQW JRXUDPL
�2VSKURQHPXV JRXUDPL� RFFXUV QDWXUDOO\ LQ WKH IUHVKZDWHUV RI 6RXWKHDVW $VLDQ FRXQWULHV� ,Q ,QGLD�
LW ZDV ILUVW LQWURGXFHG LQ &DOFXWWD GXULQJ WKH ILUVW KDOI RI WKH QLQHWHHQWK FHQWXU\ IURP -DYD DQG LV
XVHG�DV�DQ�RUQDPHQWDO�ILVK�LQ�JDUGHQ�SRQGV��,W�LV�DOVR�DYDLODEOH�LQ�QDWXUDO�ZDWHUV�

35(6(17$7,21�7<3(��25$/
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06�����6�6SHFLDO�6HVVLRQ���$OLHQ�VSHFLHV��DQ�LQFUHDVLQJ�WKUHDW�WR�IUHVKZDWHU�HFRV\VWHPV"

8QLYHUVLW\�RI�-DPPX��,QGLD
�
.(<:25'6��*$0%86,$�+2/%522.,��1�$1'�3�(;&5(7,21��3+<723/$1.721�%27720�83�&21752/��/$.(�1$,1,7$/������

1LUPDO 6LQJK 'HSDUWPHQW RI =RRORJ\� '�6�%� &DPSXV� .XPDXQ 8QLYHUVLW\� 1DLQLWDO������� ,QGLD
3UHVHQW DGGUHVV� 3� *� 'HSDUWPHQW RI 6HULFXOWXUH� 3RRQFK &DPSXV� 8QLYHUVLW\ RI -DPPX� 3RRQFK
� ������ �-	.� ,QGLD� (�PDLO� QLUPDOVLQJK����#\DKRR�LQ $EVWUDFW ([SHULPHQWV ZHUH SHUIRUPHG
XQGHU ODERUDWRU\ FRQGLWLRQ WR DVVHVV WKH UDWHV RI 1LWURJHQ DQG 3KRVSKRUXV H[FUHWLRQ E\ PDOH DQG
IHPDOH *DPEXVLD KROEURRNL� 7KH HIIHFWV RI IHHGLQJ �IHG DQG XQIHG ILVK� DQG WLPH VLQFH IHHGLQJ ���
�� � DQG �� KRXUV� RQ WKH 1 DQG 3 H[FUHWLRQ UDWHV DQG 1�3 UDWLR H[FUHWHG ZHUH DOVR H[DPLQHG�
5HVXOWV VKRZHG WKDW 1 DQG 3 H[FUHWLRQ UDWHV VLJQLILFDQWO\ LQFUHDVHG DIWHU IHHGLQJ DQG GHFOLQHG
WKHUHDIWHU IRU ERWK WKH WZR FDWHJRULHV RI *DPEXVLD� 7KH 3 H[FUHWLRQ UDWH GHFUHDVHG PRUH UDSLGO\
DIWHU IHHGLQJ WKDQ GLG WKH 1 H[FUHWLRQ UDWH� WKHUHE\ LQFUHDVLQJ WKH H[FUHWHG 1�3 UDWLR ZLWK WLPH VLQFH
IHHGLQJ� 0DOHV H[FUHWHG PRUH 1 DQG 3 LQ FRPSDULVRQ WR IHPDOHV RQ PDVV VSHFLILF EDVLV� 7KH GDWD
RI WKH SUHVHQW LQYHVWLJDWLRQ ZHUH FRPSDUHG ZLWK RWKHU VWXGLHV RQ QXWULHQW H[FUHWLRQ E\ GLIIHUHQW
ILVKHV� ,W ZDV FRQFOXGHG WKDW QXWULHQW H[FUHWHG DQG UHF\FOHG E\ *DPEXVLD FRXOG EH DQ LPSRUWDQW
VRXUFH�RI�QXWULHQWV��ERWWRP�XS�FRQWURO��IRU�/DNH�1DLQLWDO��

35(6(17$7,21�7<3(��3267(5

���

��WK�:RUOG�/DNH�&RQIHUHQFH�������6HSWHPEHU�������3HUXJLD��,WDO\



06�����6�6SHFLDO�6HVVLRQ���$OLHQ�VSHFLHV��DQ�LQFUHDVLQJ�WKUHDW�WR�IUHVKZDWHU�HFRV\VWHPV"

8QLYHUVLW\�RI�3DQQRQLD��'HSDUWPHQW�RI�/LPQRORJ\��+XQJDU\

8QLYHUVLW\�RI�3DQQRQLD��'HSDUWPHQW�RI�/LPQRORJ\��+XQJDU\

8QLYHUVLW\�RI�3DQQRQLD��'HSDUWPHQW�RI�/LPQRORJ\��+XQJDU\

8QLYHUVLW\�RI�3DQQRQLD��'HSDUWPHQW�RI�/LPQRORJ\��+XQJDU\

8QLYHUVLW\�RI�6]HJHG��,QVWLWXWH�RI�)DUPLQJ�DQG�5XUDO�'HYHORSPHQW��+XQJDU\

07$�&HQWUH�IRU�(FRORJLFDO�5HVHDUFK��'DQXEH�5HVHDUFK�,QVWLWXWH��+XQJDU\

07$�&HQWUH�IRU�(FRORJLFDO�5HVHDUFK��%DODWRQ�/LPQRORJLFDO�,QVWLWXWH��+XQJDU\
�
.(<:25'6��/$.(�%$/$721��%,2/2*,&$/�,19$6,216��),6+(5,(6�0$1$*(0(17

/DNH %DODWRQ LV WKH ODUJHVW VKDOORZ IUHVKZDWHU ODNH LQ &HQWUDO (XURSH� ,W LV ORFDWHG LQ :HVW�
+XQJDU\� ZLWK D WRWDO DUHD RI ��� NP�� DQG PHDQ GHSWK RI ���� P� ,Q DGGLWLRQ WR EHLQJ D XQLTXH
ZDWHU ERG\� LW LV DOVR D PXOWL�SXUSRVH ODNH ZKLFK SHUIRUPV ERWK HFRV\VWHP DQG HFRQRPLF VHUYLFHV�
RI ZKLFK ILVKHU\ PDQDJHPHQW LV RI KLJK LPSRUWDQFH� 2Q WKH VRXWK�ZHVW RI /DNH %DODWRQ VWUHDPV
DQG FDQDOV IRUP D YHU\ FRPSOH[ V\VWHP� DV VHYHUDO ILVK SRQGV KDYH EHHQ EXLOW RQ WKHP� 2QH
VSHFLHV DVVRFLDWHG ZLWK ILVK VWRFNLQJ LV WKH H[RWLF &KLQHVH SRQG PXVVHO �6LQDQRGRQWD ZRRGLDQD��
ZKLFK ZDV ILUVW UHSRUWHG IURP /DNH %DODWRQ LQ ����� VLQFH WKDQ� LW KDV EHFRPH GRPLQDQW LQ WKH
ZHVWHUQ EDVLQ RI WKH ODNH� ,Q ���� VXPPHU D V\VWHPDWLF VWXG\ ZDV FRQGXFWHG WR GHVFULEH ELYDOYH
FRPPXQLWLHV RI WKHVH VWUHDPV DQG SRQGV� ZLWK VSHFLDO UHJDUG WR 6� ZRRGLDQD� DQG WR ILQG SRVVLEOH
FRQQHFWLRQV EHWZHHQ ILVK SRQGV DQG 6� ZRRGLDQD LQWURGXFWLRQ� 'XULQJ WKH VXUYH\� QRW RQO\ SRVVLEOH
LQIHFWLRQ FHQWUHV ZHUH LGHQWLILHG EXW WKH VSLQ\�FKHHN FUD\ILVK �2UFRQHFWHV OLPRVXV�� D QHZ LQYDVLYH
IRU�/DNH�%DODWRQ�ZDV�GHWHFWHG�LQ�RQH�RI�WKH�ILVKSRQGV��,WV�VSUHDG�WR�WKH�ODNH�LWVHOI�VHHPV�OLNHO\�

35(6(17$7,21�7<3(��3267(5
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06�����6�6SHFLDO�6HVVLRQ���$OLHQ�VSHFLHV��DQ�LQFUHDVLQJ�WKUHDW�WR�IUHVKZDWHU�HFRV\VWHPV"

1HSDO�$JULFXOWXUDO�5HVHDUFK�&RXQFLO��1HSDO
�
.(<:25'6��,19$6,9(�),6+��1,/(�7,/$3,$���1$7,9(�),6+

7KLV SDSHU GLVFXVV ZLWK WKH LQFUHDVLQJ WUHQGV RI 1LOH WLODSLD �2UHRFKURPLV QLORWLFXV� LQ WRWDO ILVK
FDWFKHV DQG WKHLU SRVVLEOH DIIHFW RQ QDWLYH ILVK VSHFLHV RI WKUHH /DNHV �3KHZD� %HJQDV DQG
5XSD�RI 3RNKDUD 9DOOH\� 7KH ILVK FDWFK ODQGLQJ GDWD IURP WKH \HDU ��������� ZDV DQDO\]HG WR
NQRZ WKH WUHQGV RI 1LOH WLODSLD� 1LOH WLODSLD LQWURGXFWLRQ ZDV DFFLGHQWO\ LQ WKH ODNHV RI 3RNKDUD YDOOH\
DQG LW DSSHDUV LQ FDWFKHV GXULQJ WKH \HDU �����7KHUH ZDV LQFUHDVLQJ WUHQGV RI 1LOH WLODSLD DQG
GHFUHDVLQJ WUHQGV RI QDWLYH ILVK VSHFLHV FDWFKHV LQ WRWDO ILVK FDWFKHV IURP ODNHV RI 3RNKDUD YDOOH\�
7KH RYHU UHFUXLW QDWXUH RI 1LOH WLODSLD KDV EHHQ UHJXODUO\ LQFUHDVLQJ WKHLU SRSXODWLRQ LQ WKHVH ODNHV
LQ UHFHQW \HDUV� ,Q WRWDO ILVK FDWFK� WKH LQYDVLYH ILVK 1LOH WLODSLD �2UHRFKURPLV QLORWLFXV� FRQWULEXWLRQV
KDV LQFUHDVHG E\ ������ ���� � DQG ������ LQ 3KHZD� %HJQDV DQG 5XSD ODNHV UHVSHFWLYHO\ LQ WKH
\HDU ����DV FRPSDUHG WR WKH \HDU ����� 7KLV LQGLFDWHG WKDW 1LOH WLODSLD KDV QRZ HVWDEOLVKHG DQG
EHFRPH LQYDVLYH LQ WKHVH ODNHV� 7KH LPSDFWV RI 1LOH WLODSLD RQ ORFDOL]HG VSHFLHV KDYH EHHQ ZHOO
GRFXPHQWHG� +RZHYHU� 1LOH WLODSLD �2UHRFKURPLV QLORWLFXV� KDYH EHHQ SURYLGLQJ PXFK LQ PRQHWDU\
LQ UHFHQW \HDU WKDQ HDUOLHU� %HVLGHV� LW LV LPSRVVLEOH WR FDOFXODWH LQ WKDW ZD\ IRU QDWLYH ILVK YDOXH�
7KH QDWLYH ILVKHV RI 3RNKDUD YDOOH\ ODNHV DUH KLJK YDOXHG DQG LW DOVR SURYLGHV GLUHFW OLYHOLKRRG WR
����-DODUL�KRXVHKROG�OLYLQJ�DURXQG�WKH�/DNHV��

35(6(17$7,21�7<3(��25$/
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06�����6�6SHFLDO�6HVVLRQ���$OLHQ�VSHFLHV��DQ�LQFUHDVLQJ�WKUHDW�WR�IUHVKZDWHU�HFRV\VWHPV"

0X÷OD�6ÕWNÕ�.RoPDQ�8QLYHUVLW\��)DFXOW\�RI�)LVKHULHV��.|WHNOL��0X÷OD��7XUNH\

0X÷OD�6ÕWNÕ�.RoPDQ�8QLYHUVLW\��)DFXOW\�RI�)LVKHULHV��.|WHNOL��0X÷OD��7XUNH\

0X÷OD�6ÕWNÕ�.RoPDQ�8QLYHUVLW\��)DFXOW\�RI�)LVKHULHV��.|WHNOL��0X÷OD��7XUNH\

,FKWK�2]�(QYLURQPHQWDO�6FLHQFH�5HVHDUFK��,U\PSOH�9LF��$XVWUDOLD
�
.(<:25'6��(1'(0,&�63(&,(6��)((',1*�(&2/2*<��+$%,7$7�35()(5(1&(6�

1RQ�QDWLYH IUHVKZDWHU ILVKHV DUH EHLQJ LQFUHDVLQJO\ LQWURGXFHG ZRUOGZLGH� UDLVLQJ VXEVWDQWLDO
PDQDJHPHQW FRQFHUQV IRU JOREDO ELRGLYHUVLW\� 7R VXUYLYH DQG DGDSW WR QHZ HQYLURQPHQWV� QRQ�
QDWLYH ILVKHV PXVW DFFHVV DGHTXDWH IRRG UHVRXUFHV� OLNHO\ UHVXOWLQJ LQ LQWHUVSHFLILF IRRG
FRPSHWLWLRQ� 7RSPRXWK JXGJHRQ 3VHXGRUDVERUD SDUYD DQG SXPSNLQVHHG VXQILVK /HSRPLV
JLEERVXV DUH WZR FRPPRQ QRQ�QDWLYH VSHFLHV WKDW KDYH UHFHQWO\ H[SDQGHG WKHLU GLVWULEXWLRQDO
UDQJHV DQG DUH FXUUHQWO\ UHJDUGHG DV SRWHQWLDO LQYDVLYH VSHFLHV LQ 7XUNH\� $OWKRXJK ERWK VSHFLHV
DUH NQRZQ WR KDYH HVWDEOLVKHG LQ 7XUNLVK ZDWHUV VLQFH WKH ����V� WKHUH LV OLPLWHG LQIRUPDWLRQ RQ
WKHLU ELRORJ\ DQG GLVWULEXWLRQ� ,Q WKLV VWXG\� WKH IHHGLQJ HFRORJ\ DQG GLHWDU\ LQWHUDFWLRQV RI 3� SDUYD
DQG /� JLEERVXV ZLWK WKUHH QDWLYH HQGHPLF VSHFLHV �2[\QRHPDFKHLOXV VS�� 6TXDOLXV IHOORZHVLL DQG
3HWUROHXFLVFXV V\PUQDHXV� ZHUH H[DPLQHG LQ 6DUÕoD\ 6WUHDP �0X÷OD 3URYLQFH�� 7KH PRVW
DEXQGDQW VSHFLHV ZHUH /� JLEERVXV DQG 6� IHOORZHVLL� DQG WKH OHDVW DEXQGDQW 3� SDUYD DQG
2[\QRHPDFKHLOXVVS� %RWK QRQ�QDWLYH VSHFLHV DQG 2[\QRHPDFKHLOXV VS� IHG SUHGRPLQDQWO\ RQ
LQVHFWV� ZKHUHDV 6� IHOORZHVLL DQG 3� V\PUQDHXV SUHIHUUHG PDLQO\ PDFURSK\WHV DQG GHWULWXV�
6LJQLILFDQW LQWHUVSHFLILF GLHWDU\ LQWHUDFWLRQV EHWZHHQ WKH WZR QRQ�QDWLYH VSHFLHV DV ZHOO DV EHWZHHQ
WKHVH DQG 2[\QRHPDFKHLOXV VS� ZHUH GHWHFWHG� $OVR� D UHODWLYHO\ ZLGHU GLHWDU\ VSHFWUXP IRU WKH
QRQ�QDWLYH UHODWLYH WR WKH QDWLYH VSHFLHV ZDV UHFRJQLVHG� 7KH UHVXOWV VKRZ OLPLWHG GLHWDU\
LQWHUDFWLRQ EHWZHHQ QRQ�QDWLYH DQG QDWLYH VSHFLHV� EXW D VLJQLILFDQW RQH EHWZHHQ WKH ODWWHU� 7KHVH
GLIIHUHQFHV FDQ EH DWWULEXWHG WR KDELWDW VHJUHJDWLRQ RI QDWLYH YV� QRQ�QDWLYH VSHFLHV DFURVV WKH
VWXG\ VWUHDP� )XUWKHU VWXGLHV �H�J� EDVHG RQ LVRWRSH DQDO\VLV� DUH QHHGHG WR XQGHUVWDQG WKH ORQJ�
WHUP�SDWWHUQV�RI�GLHWDU\�VKLIWV�LQ�WKH�H[DPLQHG�VSHFLHV�

35(6(17$7,21�7<3(��25$/
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06�����6�6SHFLDO�6HVVLRQ���$OLHQ�VSHFLHV��DQ�LQFUHDVLQJ�WKUHDW�WR�IUHVKZDWHU�HFRV\VWHPV"

6FKRRO�RI�%LRORJLFDO�6FLHQFHV��8QLYHUVLWL�6DLQV�0DOD\VLD��3HQDQJ��0DOD\VLD

6FKRRO�RI�%LRORJLFDO�6FLHQFHV��8QLYHUVLWL�6DLQV�0DOD\VLD��3HQDQJ��0DOD\VLD

5HVHDUFK�&HQWHU�IRU�/LPQRORJ\��,QGRQHVLDQ�,QVWLWXWH�RI�6FLHQFHV��&LELQRQJ��,QGRQHVLD

5HVHDUFK�&HQWHU�IRU�/LPQRORJ\��,QGRQHVLDQ�,QVWLWXWH�RI�6FLHQFHV��&LELQRQJ��,QGRQHVLD

5HVHDUFK�&HQWHU�IRU�/LPQRORJ\��,QGRQHVLDQ�,QVWLWXWH�RI�6FLHQFHV��&LELQRQJ��,QGRQHVLD

6FKRRO�RI�%LRORJLFDO�6FLHQFHV��8QLYHUVLWL�6DLQV�0DOD\VLD��3HQDQJ��0DOD\VLD

6FKRRO�RI�%LRORJLFDO�6FLHQFHV��8QLYHUVLWL�6DLQV�0DOD\VLD��3HQDQJ��0DOD\VLD
�
.(<:25'6��,19$6,9(�63(&,(6��,1)(67$7,21��/$.(6

/DNH 0DQLQMDX ZLWK DQ DUHD ������ KD LV RQH RI WKH ODUJHVW ODNHV LQ 6XPDWHUD� ,W LV D UHODWLYHO\ ODUJH
ODNH ZLWK WKH PD[LPXP GHSWK ��� P� 7KLV FDOGHUD ODNH KDV EHHQ SRSXODU ZLWK WRXULVWV LQFOXGLQJ WKH
LQWHUQDWLRQDO WRXULVWV� 8QIRUWXQDWHO\ GXH WR WKH PDVVLYH DTXDFXOWXUH DFWLYLWLHV� DSSDUHQWO\ WKH ODNH
ZDWHU TXDOLW\ LV GHWHULRUDWLQJ� &RQVHTXHQWO\ WKH LQIHVWDWLRQ RI LQYDVLYH VSHFLHV LV LQFUHDVLQJ DW D
IDVWHU UDWH� 'XULQJ WKH UHFHQW REVHUYDWLRQV IURP ��������� WR ��������� DW �� VLWHV� 1LQHW\ SHUFHQW
RI WKH ODNH LV FRYHUHG ZLWK (LFKKRUQLD FUDVVLSHV DQG ILIW\ SHUFHQW DUH 3RPDFHD FDQDOLFXODWD�
(LFKKRUQLD FUDVVLSHV RU ZDWHU K\DFLQWK RULJLQDWHG IURP $PD]RQ EDVLQ DQG FXUUHQWO\ KDYH FDXVHG
SUREOHPV LQ �� FRXQWULHV LQ WKH ZRUOG SDUWLFXODUO\ FRXQWULHV LQ WURSLFDO DUHD� ,W LV DQ DTXDWLF IORDWLQJ
ZHHG DQG FDQ SURSDJDWH YHU\ IDVW� 2Q WKH RWKHU KDQG� 3RPDFHD FDQDOLFXODWD LV NQRZQ DV JROGHQ
DSSOH VQDLO� 7KH SRSXODWLRQV DUH UHFRUGHG WR LQIHVW ULFH ILHOGV� SRQGV DQG ODNHV� 7KH HJJV DUH
UHFRUGHG WR DGKHUH WR FRORQLHV RI ZDWHU K\DFLQWK� ILVKLQJ QHWV� EDPERR SROHV DQG VKRUHOLQH WUHHV�
7KH SUHVHQFH RI WKHVH DOLHQ VSHFLHV PD\ EH GXH WR WKH LQFUHDVH LQ ILVKLQJ DFWLYLWLHV SDUWLFXODUO\
DORQJ WKH VKRUH� $OWKRXJK WKH ILVKLQJ DFWLYLWLHV KDYH SURYLGHG JRRG LQFRPH IRU WKH ORFDO
FRPPXQLWLHV� KRZHYHU WKH LQFUHDVH RI WKHVH ELRORJLFDO LQYDVLYH DJHQW FRXOG GHJUDGHG WKH ODNH
ZDWHU�TXDOLW\��3HUKDSV�WKLV�SKHQRPHQRQ�FDQ�EH�DQDORJ�DV�D�FDQFHU�RI�WKH�ODNH�HFRV\VWHP�
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'HSDUWPHQW�RI�%LRORJLFDO�DQG�(QYLURQPHQWDO�6FLHQFHV�DQG�7HFKQRORJLHV��8QLYHUVLW\�RI�6DOHQWR��&HQWUR
(FRWHNQH��,WDO\

'HSDUWPHQW�RI�(DUWK�DQG�0DULQH�6FLHQFHV��8QLYHUVLW\�RI�3DOHUPR��,WDO\

'HSDUWPHQW�RI�&HOOXODU�DQG�(QYLURQPHQWDO�%LRORJ\��8QLYHUVLW\�RI�3HUXJLD��,WDO\

'HSDUWPHQW�RI�&HOOXODU�DQG�(QYLURQPHQWDO�%LRORJ\��8QLYHUVLW\�RI�3HUXJLD��,WDO\
�
.(<:25'6��352&$0%$586�&/$5.,,��7523+,&�326,7,21��67$%/(�,62723(6

,Q UHFHQW GHFDGHV WKH /RXLVLDQD FUD\ILVK 3URFDPEDUXV FODUNLL KDV JUDGXDOO\ LQYDGHG ,WDOLDQ
IUHVKZDWHU HQYLURQPHQWV� 6HYHUDO VWXGLHV KDYH EHHQ SHUIRUPHG WR DVVHVV WKH LPSDFW RI WKLV
VSHFLHV RQ LQYDGHG HFRV\VWHPV� 1RWLFHDEO\� LQ RWKHU (XURSHDQ FRXQWULHV XVHIXO LQIRUPDWLRQ
UHJDUGLQJ WKH WURSKLF UROH RI WKLV VSHFLHV ZLWKLQ LQYDGHG FRPPXQLWLHV KDYH EHHQ REWDLQHG WKURXJK
WKH DQDO\VLV RI & DQG 1 VWDEOH LVRWRSHV� +HUH� ZH SUHVHQW SUHOLPLQDU\ GDWD RQ WKH LVRWRSLF
VLJQDWXUH FKDUDFWHUL]LQJ 3� FODUNLL LQ WZR ODNHV RI FHQWUDO ,WDO\� L�H�� WKH 7UDVLPHQR DQG %ROVHQD
ODNHV� 6WDEOH LVRWRSH DQDO\VLV ZHUH SHUIRUPHG RQ VDPSOHV FROOHFWHG LQ 'HFHPEHU ���� DQG 0DUFK
����� RQ FUD\ILVK RI GLIIHUHQW VL]HV DQG VH[HV� WRJHWKHU ZLWK UHSUHVHQWDWLYHV RI WKH QDWLYH
PDFUREHQWKLF FRPPXQLW\ DQG RI WKH ILVK IDXQD �LH � 7LQFD WLQFD�� 7KH UHVXOWV VKRZHG WKDW� LQ ERWK
VWXG\ VLWHV� 3� FODUNLL LV FKDUDFWHUL]HG E\ DQ RPQLYRURXV GLHW� WHVWLILHG E\ WKH G �� 1 YDOXHV�
LQGLFDWLQJ WKDW WKH VSHFLHV RFFXSLHV D SRVLWLRQ KLJKHU WKDQ WKH EHQWKLF IDXQD DQG FORVH WR WKH RQH
FKDUDFWHUL]LQJ 7� WLQFD� VXJJHVWLQJ WKDW LW FDQ H[HUW PXOWLSOH LPSDFWV DW GLIIHUHQW WURSKLF OHYHOV RI WKH
IRRG ZHE RI ERWK ODNHV� 7KLV WURSKLF SODVWLFLW\ LV FRQILUPHG E\ WKH VLJQLILFDQW VHDVRQDO YDULDWLRQV LQ
WKH LVRWRSLF VLJQDWXUH RI WKH FUD\ILVK DQG� LQ DGGLWLRQ� E\ D FRQVLGHUDEOH VL]H�UHODWHG LQFUHDVH LQ WKH
QLWURJHQ G �� 1 YDOXHV� VXJJHVWLQJ DQ RQWRJHQHWLF VKLIW LQ WKH WURSKLF QLFKH� 7KHVH GDWD� HYHQ
WKRXJK SUHOLPLQDU\� SURYLGH D VWLPXODWLQJ EDVLV IRU IXUWKHU DQDO\VHV DQG IXWXUH VWXGLHV DLPLQJ DW D
UREXVW�DVVHVVPHQW�RI�WKH�HFRORJLFDO�LPSDFW�RI�WKLV�LQYDVLYH�VSHFLHV�LQ�,WDOLDQ�IUHVKZDWHU�KDELWDWV�
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'HSDUWPHQW�RI�=RRORJ\��,QVWLWXWH�RI�=RRORJ\��3R]QDĔ�8QLYHUVLW\�RI�/LIH�6FLHQFHV��3R]QDĔ��3RODQG

'LYLVLRQ�RI�,QODQG�)LVKHULHV�DQG�$TXDFXOWXUH��,QVWLWXWH�RI�=RRORJ\��3R]QDĔ�8QLYHUVLW\�RI�/LIH�6FLHQFHV�
3R]QDĔ��3RODQG
�
.(<:25'6��,19$6,9(�63(&,(6��6,1$12'217$�:22',$1$��32/$1'

6LQDQRGRQWD ZRRGLDQD �/HD ����� LV D VSHFLHV SUHVHQW LQ 3ROLVK ZDWHUV ZLWK QDWXUDO WKHUPDO
FRQGLWLRQV VLQFH DW OHDVW ���� KRZHYHU WKH ILUVW UHFRUG RI WKLV VSHFLHV ZDV LQ DUWLILFLDO KHDWHG
ZDWHUERGLHV� ,W LV UHJDUGHG DV DQ DOLHQ VSHFLHV VKRZLQJ WKH IXOO FKDUDFWHULVWLFV RI D W\SLFDO LQYDVLYH
VSHFLHV� 'XH WR WKH REVHUYHG LQFUHDVH LQ D QXPEHU RI VSHFLHV ORFDWLRQV LW LV VXVSHFWHG WKDW LW PD\
EHFRPH FRPPRQ� 7KLV VLWXDWLRQ PD\ UHVXOW LQ FKDQJLQJ WKH SRSXODWLRQ VWDWH RI QDWLYH VSHFLHV DQG
KDELWDW WUDQVIRUPDWLRQV� DV PXVVHOV SOD\ D NH\ UROH LQ WKH IRUPDWLRQ DQG IXQFWLRQLQJ RI DTXDWLF
ELRFHQRVHV� 7LOO QRZ DW OHDVW �� ORFDWLRQV RI WKH &KLQHVH SRQG PXVVHO KDYH EHHQ FRQILUPHG LQ
3RODQG� ,Q DGGLWLRQ WR WKHVH UHSRUWV DERXW QHZ ORFDWLRQV RI WKLV VSHFLHV� VHYHUDO W\SHV RI UHVHDUFK
KDYH EHHQ FRQGXFWHG� 7KHVH LQFOXGHG ERWK PRUSKRORJLFDO FKDUDFWHULVWLFV� UHSURGXFWLRQ� KDELWDW
SUHIHUHQFHV DQG WKH GHQVLW\ DQG GLVWULEXWLRQ DV ZHOO DV YDULDELOLW\ DW WKH JHQHWLF OHYHO� 1DWXUDO
HQHPLHV� SDUDVLWHV DQG V\PELRQWV RI WKH &KLQHVH SRQG PXVVHO KDYH EHHQ DOVR UHSRUWHG� &XUUHQW
NQRZOHGJH DERXW 3ROLVK SRSXODWLRQV ZLOO EH VKRZQ DV ZHOO DV FURVV�FRXQWU\ VXUYH\¶V VWDWLVWLFDO
UHVXOWV FRQFHUQLQJ KDELWDW SUHIHUHQFHV DQG ELRPHWULFDO PHDVXUHV� :H ZLOO SUHVHQW WKH FRPSDUDWLYH
JHQHWLF RXWFRPHV WKDW LQGLFDWH D ZD\ RI GLVWULEXWLRQ IRU WKH 3ROLVK SRSXODWLRQ� :H DUH JRLQJ WR
GHPRQVWUDWH WKH DQDO\VHV RI VXUYH\ DQG JURZLQJ UDWH� 7KH NQRZOHGJH RI 6LQDQRGRQWD ZRRGLDQD
VSUHDG� ELRORJ\ DQG KDELWDW FKDUDFWHULVWLFV GHWHUPLQLQJ LWV RFFXUUHQFH VKRXOG EH D NH\ WDVN WR
HQDEOH�SUHGLFWLRQ�RI�WKH�FRQVHTXHQFHV�RI�LWV�SUHVHQFH�DQG�WR�ILQG�ZD\V�WR�OLPLW�LWV�RFFXUUHQFH�
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681<�%XIIDOR�6WDWH��86$

681<�%XIIDOR�6WDWH��86$

681<�%XIIDOR�6WDWH��86$

&OHYHODQG�6WDWH�8QLYHUVLW\��86$

8�6��*HRORJLFDO�6XUYH\��*UHDW�/DNHV�6FLHQFH�&HQWHU��86$

&HQWUDO�0LFKLJDQ�8QLYHUVLW\��86$

&HQWUDO�0LFKLJDQ�8QLYHUVLW\��681<�%XIIDOR�6WDWH��86$

&HQWUDO�0LFKLJDQ�8QLYHUVLW\��86$

&HQWUDO�0LFKLJDQ�8QLYHUVLW\��86$
�
.(<:25'6��,19$6,9(�63(&,(6��81,21,'6(��'5(,66(1$

'HWHUPLQLQJ ZKHQ DQG ZKHUH LPSDFWV RI LQYDVLYH VSHFLHV ZRXOG EH PRVW HFRORJLFDOO\ GHWULPHQWDO LV
FULWLFDO IRU WKH GHYHORSPHQW RI JOREDO PDQDJHPHQW SULRULWLHV WR SURWHFW QDWLYH VSHFLHV SULRU WR IXWXUH
LQYDVLRQV� )UHVKZDWHU ELYDOYHV IURP WKH 2UGHU 8QLRQRLGD KDYH GHFOLQHG RYHU WKH SDVW FHQWXU\ DQG
LQYDVLRQ RI GUHLVVHQLG PXVVHOV KDV JUHDWO\ DFFHOHUDWHG WKH GHFOLQH� 7KH SXUSRVH RI WKLV VWXG\ ZDV
WR HYDOXDWH WKH HIIHFW RI 'UHLVVHQD SRO\PRUSKD DQG '� URVWULIRUPLV EXJHQVLV RQ XQLRQLGV LQ WKH
ORZHU *UHDW /DNHV UHJLRQ DIWHU �� \HDUV RI LQYDVLRQ WKDW QHDUO\ H[WLUSDWHG XQLRQLGV� :H FROOHFWHG
GDWD RQ GUHLVVHQLG LQIHVWDWLRQ RI PRUH WKDQ ���� XQLRQLGV IURP �� VSHFLHV DW RYHU ��� VLWHV LQ
ODNHV (ULH� 2QWDULR DQG 6W� &ODLU� WKH 'HWURLW 5LYHU� DQG LQODQG ODNHV LQ 0LFKLJDQ LQ ��������� XVLQJ
VWDQGDUGL]HG PHWKRGRORJ\ DQG FRPSDUHG WR SXEOLVKHG GDWD FROOHFWHG LQ HDUO\ ����V� :H IRXQG
WKDW RFFXUUHQFH DQG LQWHQVLW\ RI XQLRQLG LQIHVWDWLRQ E\ 'UHLVVHQD UHFHQWO\ GHFOLQHG� DQG WKH QXPEHU
RI GUHLVVHQLGV DWWDFKHG WR XQLRQLGV LQ WKH ORZHU *UHDW /DNHV LV FXUUHQWO\ DOPRVW WHQ�IROG ORZHU WKDQ
LQ WKH HDUO\ ����V� :H DOVR IRXQG WKDW LQIHVWDWLRQ FDXVHG E\ GUHLVVHQLGV GHSHQGV RQ WKH GRPLQDQW
'UHLVVHQD VSHFLHV LQ WKH ODNH� '� SRO\PRUSKD LQIHVWHG XQLRQLGV PXFK PRUH RIWHQ DQG LQ JUHDWHU
QXPEHUV WKDQ '� U� EXJHQVLV� &RQVHTXHQWO\� WKH SURSRUWLRQ RI LQIHVWHG XQLRQLGV� WKH QXPEHU DQG
ZHLJKW RI DWWDFKHG GUHLVVHQLGV ZHUH DOO ORZHU LQ ZDWHUERGLHV GRPLQDWHG E\ '� U� EXJHQVLV� 7KLV LV
WKH ILUVW ODUJH�VFDOH V\VWHPDWLF VWXG\ WKDW UHYHDOHG WKH GLIIHUHQFHV EHWZHHQ WZR WD[RQRPLFDOO\ DQG
IXQFWLRQDOO\�UHODWHG�LQYDGHUV�WKDW�KDV�ODUJH�FRQVHTXHQFHV�IRU�QDWLYH�FRPPXQLWLHV�WKH\�LQYDGH�
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681<�%XIIDOR�6WDWH��8�6�$�

681<�%XIIDOR�6WDWH��8�6�$�

6WRQ\�%URRN�8QLYHUVLW\��8�6�$�
�
.(<:25'6��=(%5$�0866(/��48$**$�0866(/��,03$&7

'UHLVVHQD SRO\PRUSKD� WKH ]HEUD PXVVHO� DQG 'UHLVVHQD URVWULIRUPLV EXJHQVLV� WKH TXDJJD
PXVVHO� FRQWLQXH WR VSUHDG� ERWK LQ (XURSH DQG 1RUWK $PHULFD� DW YLUWXDOO\ DOO VSDWLDO VFDOHV�
FDXVLQJ VHULRXV HFRQRPLF GDPDJH DQG DOWHULQJ WKH DTXDWLF FRPPXQLWLHV DQG HFRV\VWHPV WKH\
LQYDGH� :KLOH WKH ]HEUD PXVVHO LV DPRQJ WKH EHVW VWXGLHG IUHVKZDWHU LQYHUWHEUDWHV� ZH GR QRW
DOZD\V KDYH FRPSDUDEOH LQIRUPDWLRQ IRU TXDJJD PXVVHOV� ZKLFK OLPLWV RXU DELOLW\ WR SUHGLFW WKH
VSUHDG DQG HFRORJLFDO LPSDFWV RI WKLV LPSRUWDQW IUHVKZDWHU LQYDGHU�$OWKRXJK ]HEUD DQG TXDJJD
PXVVHOV DUH FORVHO\ UHODWHG VSHFLHV� VKDUH D FRPPRQ QDWLYH KDELWDW� OLIH KLVWRU\� DQG GLVSHUVDO
SRWHQWLDO� WKH ]HEUD PXVVHO UDWH RI VSUHDG KDV EHHQ KLJKHU WKDQ WKDW RI TXDJJD PXVVHO DW PRVW
VSDWLDO VFDOHV WKURXJKRXW WKHLU LQYDVLRQ KLVWRU\� 7KH HVWLPDWHG ODJ WLPH EHWZHHQ LQLWLDO LQWURGXFWLRQ
DQG PD[LPDO SRSXODWLRQ VL]H LV � WLPHV VKRUWHU IRU ]HEUD PXVVHOV WKDQ WKDW IRU TXDJJD PXVVHOV�
ZKLFK PD\ EH DQ LPSRUWDQW IDFWRU DIIHFWLQJ WKH VSHHG ZLWK ZKLFK WKLV VSHFLHV FDQ VSUHDG� 7KH
HFRORJLFDO LPSDFWV RI ERWK VSHFLHV DUH DVVRFLDWHG ZLWK WKHLU UROH DV HFRV\VWHP HQJLQHHUV� DQG WKH
PDJQLWXGH RI WKHLU HIIHFWV LV GHWHUPLQHG E\ WKH SRSXODWLRQ GHQVLW\ LQ D JLYHQ ZDWHUERG\� 7KH
HFRORJLFDO HIIHFWV RI TXDJJD PXVVHOVPD\ EH VLPLODU WR WKRVH RI WKH ]HEUD PXVVHO� RU WKH\ PD\ EH
JUHDWHU JLYHQ WKDW TXDJJD PXVVHOV DSSHDU WR XWLOL]H D ZLGHU UDQJH RI KDELWDWV ZLWKLQ ODNHV WKDQ GR
]HEUD PXVVHOV� DQG DUH WKHUHIRUH FDSDEOH RI DWWDLQLQJ PXFK ODUJHU RYHUDOO SRSXODWLRQ VL]HV�
SDUWLFXODUO\ LQ ODNHV ZLWK ODUJH SURIXQGDO ]RQHV� 6KRUWO\ DIWHU LQLWLDO LQYDVLRQ� DV SRSXODWLRQV
LQFUHDVH ERWK ]HEUD DQG TXDJJD PXVVHOV ZLOO KDYH WKHLU ODUJHVW DQG PRVW REYLRXV HIIHFWV RQ
FRPPXQLWLHV� DQG PRVW RI WKH LPSDFWV ZLOO EH GLUHFW HIIHFWV� $IWHU WKH LQLWLDO VWDJH RI LQYDVLRQ�
LPSDFWV DUH OHVV SUHGLFWDEOH� DQG PRUH OLNHO\ WR EH FDXVHG E\ LQGLUHFW HIIHFWV WKURXJK FKDQJHV LQ
WKH HFRV\VWHP� %HFDXVH WKH YDVW PDMRULW\ RI REVHUYDWLRQV RI TXDJJD PXVVHO LPSDFWV RQ DTXDWLF
FRPPXQLWLHV DQG HQYLURQPHQWV KDYH EHHQ FRQGXFWHG LQ ZDWHUERGLHV SUHYLRXVO\ FRORQL]HG E\ ]HEUD
PXVVHOV��LW�LV�YHU\�GLIILFXOW�WR�GLVWLQJXLVK�EHWZHHQ�WKH�HIIHFWV�RI�]HEUD�DQG�TXDJJD�PXVVHOV�

35(6(17$7,21�7<3(��25$/

���

��WK�:RUOG�/DNH�&RQIHUHQFH�������6HSWHPEHU�������3HUXJLD��,WDO\



06�����6�6SHFLDO�6HVVLRQ���$OLHQ�VSHFLHV��DQ�LQFUHDVLQJ�WKUHDW�WR�IUHVKZDWHU�HFRV\VWHPV"

&RUQHOO�8QLYHUVLW\��86$�

*UHDW�/DNHV�&HQWHU��681<�%XIIDOR�6WDWH��86$

*UHDW�/DNHV�&HQWHU��681<�%XIIDOR�6WDWH��86$

&RUQHOO�8QLYHUVLW\��86$
�
.(<:25'6��%,2',9(56,7<��'5(,66(1$��(87523+,&$7,21

$V ORQJ�WHUP PRQLWRULQJ VWXGLHV RI EHQWKLF FRPPXQLWLHV DUH UDUH� ZH KDYH D YHU\ OLPLWHG
XQGHUVWDQGLQJ RI KRZ WKHVH VSHFLHV DUH DIIHFWHG E\ WKH VWURQJHVW DQG PRVW ZLGHVSUHDG
DQWKURSRJHQLF SUHVV GLVWXUEDQFHV LQ IUHVKZDWHUV � HXWURSKLFDWLRQ DQG GUHLVVHQLG LQYDVLRQ� 0ROOXVFV
LQ SDUWLFXODU DUH RQH RI WKH PRVW GLYHUVH �a���� VSHFLHV� IUHVKZDWHU WD[D LQ 1RUWK $PHULFD � DQG
WKH PRVW WKUHDWHQHG� ZLWK RYHU WZR WKLUGV RI DOO VSHFLHV LPSHULOHG� :H H[DPLQH WKH FXUUHQW GLYHUVLW\
DQG VWUXFWXUH RI WKH GLYHUVH ��� VSHFLHV� PROOXVF FRPPXQLW\ LQ 2QHLGD /DNH� DQG FRQGXFW D
KLVWRULFDO DQDO\VLV XVLQJ VHYHUDO XQLTXH GDWDVHWV VSDQQLQJ WKH SDVW FHQWXU\ WR GHWHUPLQH WKH H[WHQW
DQG PHFKDQLVPV E\ ZKLFK HXWURSKLFDWLRQ DQG 'UHLVVHQD LQYDVLRQ LPSDFWHG WKH FRPPXQLW\� :H
IRXQG PDMRU VKLIWV LQ FRPPXQLW\ VWUXFWXUH DQG VSHFLHV ULFKQHVV� SULPDULO\ FKDUDFWHUL]HG E\ FKDQJHV
LQ WKH GLYHUVLW\ �a���� DQG GHQVLW\ �a���� RI JDVWURSRGV JUD]LQJ RQ EHQWKLF DOJDH� 7KHVH
WUDQVIRUPDWLRQV ZHUH FRQFRPLWDQW ZLWK PDMRU VKLIWV LQ HFRV\VWHP WXUELGLW\ FDXVHG E\ FXOWXUDO
HXWURSKLFDWLRQ DQG 'UHLVVHQD LQWURGXFWLRQ� 2XU DQDO\VLV KLJKOLJKWV WXUELGLW\ DV D OLNHO\ PDVWHU
YDULDEOH�LQ�UHJXODWLQJ�WKH�DEXQGDQFH�DQG�GLYHUVLW\�RI�EHQWKLF�JUD]HUV�YLD�ERWWRP�XS�HIIHFWV�
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1DWLRQDO�5HVHDUFK�&RXQFLO��,QVWLWXWH�RI�(FRV\VWHP�6WXG\��9HUEDQLD�3DOODQ]D��,WDO\

'HSDUWPHQW�RI�6FLHQFH�DQG�%LRORJLFDO�DQG�(QYLURQPHQWDO�7HFKQRORJ\��8QLYHUVLW\�RI�6DOHQWR��/HFFH��,WDO\

1DWLRQDO�5HVHDUFK�&RXQFLO��,QVWLWXWH�RI�(FRV\VWHP�6WXG\��9HUEDQLD�3DOODQ]D��,WDO\

$SXOLDQ�5HJLRQDO�$JHQF\�IRU�WKH�(QYLURQPHQWDO�3UHYHQWLRQ�DQG�3URWHFWLRQ��$53$��%DUL��,WDO\

(QWRPRORJLFDO�'HSDUWPHQW��1DWXUDO�+LVWRU\�0XVHXP�RI�WKH�8QLYHUVLW\�RI�)ORUHQFH��=RRORJLFDO�6HFWLRQ��/D
6SHFROD���)ORUHQFH��,WDO\

'HSDUWPHQW�RI�/LIH�6FLHQFHV��8QLYHUVLW\�RI�3DUPD��3DUFR�$UHD�GHOOH�6FLHQ]H��3DUPD��,WDO\

1DWLRQDO�)RUHVWU\�6HUYLFH��1DWLRQDO�&HQWHU�IRU�%LRGLYHUVLW\�6WXG\�DQG�&RQVHUYDWLRQ��0DUPLUROR�01��,WDO\

'pSDUWHPHQW�GH�6FLHQFHV�%LRORJLTXHV��8QLYHUVLWp�GH�0RQWUpDO��0RQWUpDO��4XpEHF��&DQDGD

(QWRPRORJLFDO�'HSDUWPHQW��1DWXUDO�+LVWRU\�0XVHXP�RI�WKH�8QLYHUVLW\�RI�)ORUHQFH��=RRORJLFDO�6HFWLRQ��/D
6SHFROD���)ORUHQFH��,WDO\

'HSDUWPHQW�RI�%LRORJ\��8QLYHUVLW\�RI�%DUL�³$OGR�0RUR´��%DUL��,WDO\
�
.(<:25'6��$/,(1�63(&,(6��,19$6,21�(&2/2*<��3523$*8/(�35(6685(

7KH UHODWLYH UROH RI 3URSDJXOH SUHVVXUH �L�H� LQWURGXFWLRQ HIIRUW�� $ELRWLF DQG %LRWLF YDULDEOHV DV
GHWHUPLQDQWV RI WKH RFFXUUHQFH RI DOLHQ� QRQ�LQGLJHQRXV VSHFLHV GLIIHUV DPRQJ VWXGLHV� KLQGHULQJ
WKH V\QWKHVLV RI HPHUJHQW SDWWHUQV LQ LQYDVLRQ HFRORJ\� ,Q RUGHU WR SURGXFH D EURDG DQG JHQHUDO
DVVHVVPHQW� ZH SURSRVH D PDFURHFRORJLFDO DSSURDFK LQ ZKLFK ZH DQDO\VH WKH RFFXUUHQFH RI DOLHQ
VSHFLHV LQ DOO ELRWD �PLFURRUJDQLVPV� SODQWV DQG DQLPDOV� DFURVV VHYHUDO KDELWDWV LQ IUHVKZDWHU
HFRV\VWHPV LQ ,WDO\� :H GHWHUPLQHG WKDW SURSDJXOH SUHVVXUH� H[SUHVVHG DV WKH SUR[LPLW\ WR PDMRU
LQKDELWHG DUHDV� ZDV E\ IDU WKH EHVW SUHGLFWRU RI DOLHQ VSHFLHV RFFXUUHQFH� ZKHUHDV GLIIHUHQFHV LQ
WKH ELRWLF DQG DELRWLF IHDWXUHV RI WKH UHFHLYLQJ FRPPXQLW\ KDG QHJOLJLEOH HIIHFWV� 7KLV LV WKH ILUVW
VWXG\ SURYLGLQJ EURDG�VFDOH VXSSRUW IRU WKH SURSDJXOH SUHVVXUH K\SRWKHVLV DFURVV D ZLGH UDQJH RI
WD[D� &RQVLGHULQJ WKDW PDQ\ SUHYLRXV VWXGLHV GLG QRW IRUPDOO\ FRQVLGHU SURSDJXOH SUHVVXUH� RXU
UHVXOWV PD\ H[SODLQ WKH DSSDUHQW LGLRV\QFUDV\ LQ UHVXOWV IURP VSHFLHV�VSHFLILF VWXGLHV� 2XU UHVXOWV
FRXOG�DOVR�EH�XVHG�WR�IRUHFDVW�WKH�VHQVLWLYLW\�WR�LQYDVLRQ�RI�SURWHFWHG�DQG�QRQ�SURWHFWHG�DUHDV�
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8QLYHUVLWp�GH�3RLWLHUV��/DERUDWRLUH�(FRORJLH�	�%LRORJLH�GHV�,QWHUDFWLRQV��805�&156�������(TXLSH�(FRORJLH
(YROXWLRQ�6\PELRVH��)UDQFH

'LSDUWLPHQWR�GL�%LRORJLD��8QLYHUVLWj�GHJOL�6WXGL�GL�)LUHQ]H��)LUHQ]H��,WDO\

'LSDUWLPHQWR�GL�%LRORJLD��8QLYHUVLWj�GHJOL�6WXGL�GL�)LUHQ]H��)LUHQ]H��,WDO\

'HSW��(QYLURQPHQWDO�%LRORJ\��6FKRRO�RI�6FLHQFHV��8QLYHUVLW\�RI�1DYDUUD��3DPSORQD��6SDLQ

'HSW��(QYLURQPHQWDO�%LRORJ\��6FKRRO�RI�6FLHQFHV��8QLYHUVLW\�RI�1DYDUUD��3DPSORQD��6SDLQ

,QVWLWXWH�RI�0DULQH�5HVHDUFK��'HSW��RI�/DQGVFDSH��(QYLURQPHQW�DQG�3ODQQLQJ��8QLYHUVLW\�RI�eYRUD��eYRUD�
3RUWXJDO

)LVFKHUHLIRUVFKXQJVVWHOOH�%:��)LVKHULHV�5HVHDUFK�6WDWLRQ��/DNH�&RQVWDQFH���/DQJHQDUJHQ��*HUPDQ\

%XUHDX�:DDUGHQEXUJ��3RVWEXV�����������$-�&XOHPERUJ��WKH�1HWKHUODQGV���1&%�1DWXUDOLV��3RVWEXV������
�����5$�/HLGHQ�WKH�1HWKHUODQGV
�
.(<:25'6��5('�6:$03�&5$<),6+��,03$&76��0$1$*(0(17

7KH UHG VZDPS FUD\ILVK� 3URFDPEDUXV FODUNLL� LV FXUUHQWO\ UHFRUGHG IURP �� (XURSHDQ FRXQWULHV�
3RSXODWLRQV DUH PRVW SUHYDOHQW LQ ,WDO\� 3RUWXJDO� 6SDLQ� )UDQFH DQG WKH 1HWKHUODQGV� EXW WKH
VSHFLHV LV DOVR SUHVHQW LQ (QJODQG� %HOJLXP� 6ZLW]HUODQG� *HUPDQ\ DQG $XVWULD� DV ZHOO DV LQ D
QXPEHU RI LVODQGV �L�H� 6mR 0LJXHO� $]RUHV� &\SUXV� 0DMRUFD� 6DUGLQLD� 6LFLO\ DQG 7HQHULIH�� 2Q WRS
RI EHLQJ D YHFWRU RI FUD\ILVK SODJXH� ZKLFK LV UHVSRQVLEOH IRU ODUJH�VFDOH GLVDSSHDUDQFH RI QDWLYH
FUD\ILVK VSHFLHV� LW FDQ FDXVH VHYHUH LPSDFWV RQ DTXDWLF HFRV\VWHPV� VXFK DV HVWXDULHV� PDUVKHV�
FDQDOV� DUWLILFLDO ODNHV �GDPV�� JUDYHO SLW ODNHV� SRQGV DQG ILVKSRQGV� GXH LWV UDSLG OLIH F\FOH�
GLVSHUVDO FDSDFLWLHV� EXUURZLQJ DFWLYLWLHV DQG KLJK SRSXODWLRQ GHQVLWLHV� 7KLV LQYDVLYH FUD\ILVK LV D
SRO\WURSKLF NH\VWRQH VSHFLHV WKDW FDQ H[HUW PXOWLSOH SUHVVXUHV RQ ODNH HFRV\VWHPV� 0RVW VWXGLHV
GHDO ZLWK WKH GHFOLQH RI PDFURSK\WHV� LQFUHDVH RI ZDWHU WXUELGLW\� UHGXFWLRQ RI GHWULWXV ELRPDVV� DQG
SUHGDWLRQ RQ VHYHUDO VSHFLHV �DPSKLELDQV� PROOXVFV� DQG PDFURLQYHUWHEUDWHV� KLJKOLJKWLQJ KRZ WKLV
ELRGLYHUVLW\ ORVV OHDGV WR XQEDODQFHG IRRG FKDLQV� $W D PDQDJHPHQW OHYHO WKH VSHFLHV LV
FRQVLGHUHG DV ��� D GHYDVWDWLQJ GLJJHU RI WKH ZDWHU GUDLQDJH V\VWHPV LQ VRXWK�FHQWUDO (XURSH� ���
DQ DJULFXOWXUDO SHVW LQ 0HGLWHUUDQHDQ WHUULWRULHV� FRQVXPLQJ� IRU H[DPSOH� \RXQJ ULFH SODQWV� DQG ���
D WKUHDW WR WKH UHVWRUDWLRQ RI ZDWHU ERGLHV LQ QRUWK�ZHVWHUQ (XURSH� :H GLVFXVV WKH LPSOLFDWLRQ IRU
WKH JHQHUDO PDQDJHPHQW RI ODNHV� LQFOXGLQJ WKH QHHG IRU D WUDGH UHJXODWLRQ� LPSOHPHQWLQJ
OHJLVODWLRQ� GHYHORSLQJ SXEOLF HGXFDWLRQ VWUDWHJLHV DQG FRRUGLQDWLRQ RI VWDNHKROGHUV� DV ZHOO DV IRU
VSHFLILF�DFWLRQV�DV�GLVWULEXWLRQ�VXUYH\V��VLWH�SURWHFWLRQ�KDELWDW�UHVWRUDWLRQ��DQG�ILVKHULHV�FRQWUROV�
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,QVWLWXWH�RI�%LRGLYHUVLW\�DQG�(FRV\VWHP�5HVHDUFK��%XOJDULDQ�$FDGHP\�RI�6FLHQFHV��,%(5�%$6���6RILD�
%XOJDULD

1DWLRQDO�5HVHDUFK�&RXQFLO�±�,QVWLWXWH�RI�(FRV\VWHP�6WXG\��&15�,6(���9HUEDQLD�3DOODQ]D��,WDO\

1DWLRQDO�0XVHXP�RI�1DWXUDO�+LVWRU\��%XOJDULDQ�$FDGHP\�RI�6FLHQFHV��6RILD��%XOJDULD�

%LRORJLFDO�)DFXOW\��6RILD�8QLYHUVLW\��6RILD��%XOJDULD��

,QVWLWXWH�RI�%LRGLYHUVLW\�DQG�(FRV\VWHP�5HVHDUFK��%XOJDULDQ�$FDGHP\�RI�6FLHQFHV��,%(5�%$6���6RILD�
%XOJDULD

,QVWLWXWH�RI�%LRGLYHUVLW\�DQG�(FRV\VWHP�5HVHDUFK��%XOJDULDQ�$FDGHP\�RI�6FLHQFHV��,%(5�%$6���6RILD�
%XOJDULD

1DWLRQDO�5HVHDUFK�&RXQFLO�±�,QVWLWXWH�RI�(FRV\VWHP�6WXG\��&15�,6(���9HUEDQLD�3DOODQ]D��,WDO\

1DWLRQDO�5HVHDUFK�&RXQFLO���,QVWLWXWH�RI�(FRV\VWHP�6WXG\��&15�,6(���9HUEDQLD�3DOODQ]D��,WDO\

1DWLRQDO�5HVHDUFK�&RXQFLO���,QVWLWXWH�RI�(FRV\VWHP�6WXG\��&15�,6(���9HUEDQLD�3DOODQ]D��,WDO\
�
.(<:25'6��)5(6+:$7(5�%,9$/9(6��3238/$7,21�)($785(6��+$%,7$7�&+$5$&7(5,67,&6

1RZDGD\V� WKH SUHVHQFH RI DOLHQ VSHFLHV LV D ZRUOGZLGH SUREOHP� HVSHFLDOO\ ZKHQ WKH SUHVHQFH RI
WKH QHZ VSHFLHV KDV WKH FKDUDFWHU RI D ELRORJLFDO LQYDVLRQ ZKLFK WKUHDWHQV ELRORJLFDO GLYHUVLW\ DQG
DIIHFWV HFRV\VWHP VHUYLFHV WKXV FDXVLQJ HQYLURQPHQWDO� HFRQRPLF DQG VRFLDO GDPDJHV� 7KH
IUHVKZDWHU ELYDOYH 'UHLVVHQD SRO\PRUSKD LV LQFOXGHG DPRQJ WKH ��� :RUOG¶V :RUVW ,QYDVLYH $OLHQ
6SHFLHV �,8&1�66& ,66*�� DQG &RUELFXOD IOXPLQHD DQG '� SRO\PRUSKD DUH OLVWHG DPRQJ WKH ���
:RUVW ,QYDVLYH $OLHQ 6SHFLHV LQ (XURSH �'$,6,(�� )XUWKHU� WKH &KLQHVH 3RQG 0XVVHO $QRGRQWD
ZRRGLDQD DQG WKH 4XDJJD 0XVVHO 'UHLVVHQD URVWULIRUPLV EXJHQVLV DUH EHFRPLQJ JOREDOO\ VSUHDG LQ
ODVW GHFDGHV� FDXVLQJ ELRGLYHUVLW\ DQG HFRQRPLF ORVVHV� +HUH ZH VKRZ KRZ GLIIHUHQW
HQYLURQPHQWV� VXFK DV D ODUJH VXEDOSLQH ODNH� /DNH 0DJJLRUH �1RUWKHUQ ,WDO\� DQG WKH VHFRQG
ORQJHVW ULYHU LQ (XURSH� 'DQXEH 5LYHU �%XOJDULD�� DUH DIIHFWHG E\ VLPLODU SUREOHPV� WKH LQYDVLRQ E\
QRQ�QDWLYH IUHVKZDWHU ELYDOYHV� DQG KRZ WKHVH GLIIHUHQW KDELWDWV LQIOXHQFH WKH RFFXUUHQFH DQG
SRSXODWLRQ G\QDPLFV RI WKH LQYDGHUV� 3UHVHQFH�DEVHQFH PDSV KDYH EHHQ SUHSDUHG WR SUHVHQW WKH
GLVWULEXWLRQ RI WKH ELYDOYH DOLHQ VSHFLHV �&� IOXPLQHD� '� SRO\PRUSKD� $� ZRRGLDQD DQG '�
URVWULIRUPLV EXJHQVLV� LQ WKH WZR GLIIHUHQW IUHVKZDWHU ERGLHV� /DNH 0DJJLRUH DQG WKH 'DQXEH 5LYHU
�%XOJDULD�� ,Q DGGLWLRQ� WR HYDOXDWH WKH SRWHQWLDO LPSDFW RI &� IOXPLQHD� ZKLFK LV UDSLGO\ EHFRPLQJ
WKH GRPLQDQW OLWWRUDO VSHFLHV LQ /DNH 0DJJLRUH� D ILHOG DQG PHVRFRVP VWXG\ RI LWV SRSXODWLRQ
G\QDPLFV DQG UHSURGXFWLYH F\FOH LV SUHVHQWHG� 7KH UHVXOWV IURP WKH VWXG\ RI TXDQWLWDWLYH
SDUDPHWHUV DQG KDELWDW FKDUDFWHULVWLFV RI &� IOXPLQHD DQG RWKHU DOLHQ ELYDOYHV LQ WKH %XOJDULDQ
VHFWRU�RI�WKH�'DQXEH�5LYHU�DQG�LWV�WULEXWDULHV�DUH�DOVR�SUHVHQWHG�
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(1$6��(QWH�$FTXH�GHOOD�6DUGHJQD���,WDO\

(1$6��(QWH�$FTXH�GHOOD�6DUGHJQD���,WDO\

(1$6��(QWH�$FTXH�GHOOD�6DUGHJQD���,WDO\

(1$6��(QWH�$FTXH�GHOOD�6DUGHJQD���,WDO\
�
.(<:25'6��63(&,(6�,1752'8&7,216��$/,(1�),6+(6��5(6(592,56

7KH ,VODQG RI 6DUGLQLD LV ORFDWHG LQ WKH &HQWUDO�:HVWHUQ SDUW RI WKH 0HGLWHUUDQHDQ 6HD DQG� DV LQ
PDQ\ 0HGLWHUUDQHDQ�W\SH FOLPDWH UHJLRQV� ULYHU GLVFKDUJH �VWURQJO\ GHSHQGHQW RQ UDLQIDOO� LV
PRGHUDWH�WR�KLJK GXULQJ WKH ZLQWHU DQG YHU\ ORZ LQ VXPPHU� 7KURXJKRXW WKH ,VODQG WKHUH DUH D
ODUJH YDULHW\ RI UXQQLQJ ZDWHUV RQO\ IORZLQJ DW FHUWDLQ WLPHV RI WKH \HDU� DQG RQO\ RQH QDWXUDO ODNH LV
SUHVHQW� %HFDXVH RI WKH VFDUFLW\ RI ZDWHU UHVRXUFHV �PDLQO\ GXULQJ GU\ VHDVRQV�� VLQFH WKH HDUO\
µ��� PRUH WKDQ �� GDPV KDYH EHHQ FRQVWUXFWHG� 'DPV DQG UHVHUYRLUV KDYH FRQWULEXWHG
VLJQLILFDQWO\ LQ IXOILOOLQJ EDVLF KXPDQ QHHGV� IXUWKHUPRUH WKH\ KDYH FRQYHUWHG ORWLF KDELWDWV LQWR
OHQWLF RQHV� 6LQFH UHVHUYRLUV KDYH EHHQ DYDLODEOH� LQWURGXFWLRQV RI DOLHQ IUHVKZDWHU ILVKHV KDYH
WDNHQ SODFH DV UHVXOW RI UHVWRFNLQJ SURJUDPV E\ JRYHUQPHQWDO DJHQFLHV DQG XQDXWKRUL]HG�
GHOLEHUDWH RU DFFLGHQWDO� UHOHDVHV E\ SULYDWH LQGLYLGXDOV� $ FRQWLQXRXV LQFUHDVH LQ WKH QXPEHU RI
LQWURGXFWLRQV RI DOLHQ VSHFLHV DGHSW DW RFFXS\LQJ QHZ DUWLILFLDO KDELWDWV KDV EHHQ REVHUYHG VLQFH
WKH ����V���V� 5HFHQW VDPSOLQJ VXUYH\V PDGH LW SRVVLEOH WR UHFRUG WKH SUHVHQFH RI �� DOLHQ
IUHVKZDWHU ILVK VSHFLHV LQ 6DUGLQLDQ UHVHUYRLUV� RI WKHVH� �� DSSHDU WR KDYH VXFFHVVIXOO\
HVWDEOLVKHG VHOI�VXVWDLQLQJ SRSXODWLRQV� &\SULQLGV DQG SUHGDWRU\ ILVK KDYH EHFRPH ZLGHVSUHDG LQ
ULYHUV� FDQDOV DQG VWLOO ZDWHUV� DOVR FKDUDFWHUL]HG E\ VWURQJO\ VWUHVVHG VSHFLHV�SRRU QDWLYH ILVK
FRPPXQLWLHV� (QYLURQPHQWDO FRQGLWLRQV VHHP WR EH KLJKO\ VXLWDEOH IRU IXUWKHU LQYDVLRQV DQG QR
PHDVXUHV WR FRQWURO LQWURGXFWLRQ DQG GLVSHUVDO DUH UHDOO\ DFWLYH� 7HPSRUDO WUHQGV RI LQWURGXFWLRQ�
PDMRU�GLVWULEXWLRQ�SDWKZD\V��UHDO�DQG�SRWHQWLDO�WKUHDWV�DUH�DOVR�GHVFULEHG�DQG�GLVFXVVHG�
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&,,0$5�&,0$5���,QWHUGLVFLSOLQDU\�&HQWUH�RI�0DULQH�DQG�(QYLURQPHQWDO�5HVHDUFK��8QLYHUVLW\�RI�3RUWR��3RUWR�
3RUWXJDO

&15�±�,QVWLWXWH�RI�(FRV\VWHP�6WXG\��9HUEDQLD�3DOODQ]D��,WDO\

&,,0$5�&,0$5���,QWHUGLVFLSOLQDU\�&HQWUH�RI�0DULQH�DQG�(QYLURQPHQWDO�5HVHDUFK��8QLYHUVLW\�RI�3RUWR��3RUWR�
3RUWXJDO��)&83���)DFXOW\�RI�6FLHQFHV��8QLYHUVLW\�RI�3RUWR��3RUWR��3RUWXJDO

&,,0$5�&,0$5���,QWHUGLVFLSOLQDU\�&HQWUH�RI�0DULQH�DQG�(QYLURQPHQWDO�5HVHDUFK��8QLYHUVLW\�RI�3RUWR��3RUWR�
3RUWXJDO��,&%$6���,QVWLWXWH�RI�WKH�%LRPHGLFDO�6FLHQFHV�RI�$E

&15�±�,QVWLWXWH�RI�(FRV\VWHP�6WXG\��9HUEDQLD�3DOODQ]D��9%���,WDO\

&,,0$5�&,0$5���,QWHUGLVFLSOLQDU\�&HQWUH�RI�0DULQH�DQG�(QYLURQPHQWDO�5HVHDUFK��8QLYHUVLW\�RI�3RUWR��3RUWR�
3RUWXJDO��)&83���)DFXOW\�RI�6FLHQFHV��8QLYHUVLW\�RI�3RUWR��3RUWR��3RUWXJDO
�
.(<:25'6��&��)/80,1($��07'1$��&2,�*(1(

&RUELFXOD IOXPLQHD LV D QRQ�LQGLJHQRXV LQYDVLYH VSHFLHV WKDW KDV UDSLGO\ VSUHDG IURP LWV QDWLYH
UDQJH WR QRQ�QDWLYH ZRUOGZLGH IUHVKZDWHU HFRV\VWHPV�,W LV FRQVLGHUHG WR EH RQH RI WKH PRVW
LPSRUWDQW LQYDVLYH ELYDOYH GXH WR WKH QHJDWLYH LPSDFWV FDXVHG LQ WKH QDWLYH IDXQDV RI LQYDGHG
HFRV\VWHPV�5HFRUGV LQGLFDWH WKDW LQ 1RUWKHUQ ,WDO\� &� IOXPLQHD ZDV ILUVW GHWHFWHG LQ �����
VXEVHTXHQWO\ LQ /DNH *DUGD DQG /DNH 0DJJLRUH LQ ���� DQG ����� UHVSHFWLYHO\� (YHQ WKRXJK WKH
HVWDEOLVKPHQW RI WKHVH &� IOXPLQHD SRSXODWLRQV IURP 1RUWKHUQ ,WDO\ KDV EHHQ SUHYLRXVO\ UHSRUWHG�
WKH JHQHWLF YDULDELOLW\ KDV QRW EHHQ DVVHVVHG WKXV IDU� 7KHUHIRUH� LW LV IXQGDPHQWDO WR LQYHVWLJDWH
WKH JHQHWLF YDULDELOLW\ EHWZHHQ SRSXODWLRQV RI &� IOXPLQHD IURP /DNH *DUGD DQG 0DJJLRUH� E\
DVVHVVLQJ WKH YDULDWLRQ RI WKH PW'1$ &2, JHQH UHODWLYHO\ WR RWKHU SRSXODWLRQV ZRUOGZLGH�
0RUHRYHU� GDWD IURP RWKHU &RUELFXOD VSHFLHV IURP WKH QDWLYH DQG LQYDGHG UDQJH ZLOO EH DOVR
FRPSDUHG XVLQJSRSXODWLRQ JHQHWLFV DQG SK\ORJHRJUDSKLFDO LQIHUHQFH PHWKRGRORJLHV� 7KH REWDLQHG
UHVXOWV SURYLGH LQVLJKWIXO JHQHWLF NQRZOHGJH RI &� IOXPLQHD SRSXODWLRQV LQKDELWLQJ WKHVH WZR
IUHVKZDWHU HFRV\VWHPV ± /DNH *DUGD DQG /DNH 0DJJLRUH ± DQG DUH XVHIXO WR XQGHUVWDQG WKH
LQYDVLYH�EHKDYLRXU�RI�WKLV�VSHFLHV�DV�ZHOO�DV�WKHLU�JHQHWLF�UHODWLRQVKLSV�
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(1($�8QLWj�7HFQLFD�$*5,�(&2��&�5��&DVDFFLD��5RPH��,WDO\

0XVHR�GL�6WRULD�1DWXUDOH�RI�9HURQD��9HURQD��,WDO\

(1($�8QLWj�7HFQLFD�$*5,�(&2��&�5��&DVDFFLD��5RPH��,WDO\

(1($�8QLWj�7HFQLFD�$*5,�(&2��&�5��&DVDFFLD��5RPH��,WDO\
�
.(<:25'6��',.(52*$00$586��*/<3+26$7(���&20(7�$66$<

7KH PDLQ REMHFW RI WKH SUHVHQW VWXG\ LV WR HYDOXDWH GLIIHUHQFHV LQ VHQVLWLYLW\ EHWZHHQ D QDWLYH
VSHFLHV� (FKLQRJDPPDUXV YHQHULV DQG WKH LQYDVLYH DPSKLSRG 'LNHURJDPPDUXV YLOORVXV WR
JO\SKRVDWH WR[LFLW\� 7KH DELOLW\ RI D QRYHO VSHFLHV WR EHFRPH HVWDEOLVKHG ZLWKLQ D FRPPXQLW\ PD\
GHSHQG RQ LWV UHODWLYH WROHUDQFH WR WKH QRYHO HQYLURQPHQW DQG LWV FRQWDPLQDQWV� 7KHUHIRUH� D
SRWHQWLDO DSSURDFK IRU DVVHVVLQJ WKH HFRORJLFDO LPSDFWV RI DQ LQYDGLQJ VSHFLHV RQ D FRPPXQLW\ LV
WKH FRPSDULVRQ RI LWV UHVSRQVH ZLWK WKDW RI DQ DQDORJRXV QDWLYH VSHFLHV� *O\SKRVDWH�EDVHG
KHUELFLGHV UHSUHVHQW WKH PRVW H[WHQVLYHO\ XVHG ZRUOGZLGH� KRZHYHU� WKHLU DTXDWLF WR[LFLW\ GDWD DUH
UHODWLYHO\ VFDUFH� ,Q ���� JO\SKRVDWH DQG LWV EUHDNGRZQ SURGXFW �$03$� ZHUH WKH PRVW GHWHFWHG
SHVWLFLGHV LQ ,WDOLDQ VXUIDFH ZDWHUV� 7KH VSHFLHV (� YHQHULV ZDV UHFHQWO\ SURSRVHG DV VXLWDEOH
VSHFLHV WR DVVHVV WR[LFLW\ RI IUHVKZDWHU HQYLURQPHQWV LQ 0HGLWHUUDQHDQ DUHD GXH WR LWV GLVWULEXWLRQ�
DEXQGDQFH RI SRSXODWLRQV DQG HDVH RI EUHHGLQJ� '� YLOORVXVLV D VSHFLHV QDWLYH WR WKH 3RQWR�
&DVSLDQ UHJLRQ WKDW LQYDGHG FHQWUDO DQG ZHVWHUQ (XURSH� LW LV LQFOXGHG DPRQJ WKH ��� ZRUVW
LQYDVLYH VSHFLHV LQ (XURSH� 7R HYDOXDWH WKH JHQRWR[LF HIIHFWV RI H[SRVXUHV WR JO\SKRVDWH� '�
YLOORVXV DQG (� YHQHULV ZHUH H[SRVHG LQ YLYR WR WKUHH FRQFHQWUDWLRQV� 7KH H[SHULPHQWV ZDV
FRQGXFWHG WR DVVHVV '1$ GDPDJH LQ KHPRO\PSK FHOOV E\ DONDOLQH FRPHW DVVD\ �VLOYHU VWDLQHG�� ,Q
WKH FRXUVH RI WKLV VWXG\� GLIIHUHQFHV LQ JHQRWR[LF UHVSRQVHV ZHUH REVHUYHG LQ WKH YDULRXV
H[SHULPHQWV��SRVVLEO\�GXH�WR�GLIIHUHQFHV�LQ�SROOXWDQW�VHQVLWLYLW\�EHWZHHQ�WKH�WHVWHG�VSHFLHV�
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,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD���,WDO\

8QLYHUVLWj�&DWWROLFD�GHO�6DFUR�&XRUH��,VWLWXWR�GL�$JURQRPLD��*HQHWLFD�H�&ROWLYD]LRQL�HUEDFHH��3LDFHQ]D��,WDO\
�
.(<:25'6��6/,'(5�7857/(6��5(352'8&7,21��&05�02'(/

7UDFKHP\V VFULSWD VXEVSHFLHV DUH PDVVLYHO\ LPSRUWHG LQ (XURSH DV D SHWV� DQG RIWHQ UHOHDVHG LQ
QDWXUH LQ JUHDW QXPEHU E\ RZQHUV� RXWVLGH WKHLU QDWLYH UDQJH� 1RZ VOLGHU WXUWOHV DUH OLVWHG DV D
ZRUOGZLGH PDMRU WUHDWK IRU RWKHU VSHFLHV DQG IUHVKZDWHU KDELWDWV� ,Q ,WDO\� IUHH�OLYLQJ SRSXODWLRQV DUH
HVWDEOLVKHG LQ PDQ\ ODNHV� ULYHUV DQG ZHWODQGV� DQG LQ VRPH DUHDV VXFFHVVIXO UHSURGXFWLRQ KDV
EHHQ UHSRUWHG� ,Q VPDOO XUEDQ DQG SHULXUEDQ SDUNV� KXPDQ�PDGH RU VHPL�QDWXUDO ZHWODQGV RIWHQ
KRVW VOLGHU WXUWOHV DW KLJK GHQVLW\� ZLWK QHJDWLYH LPSDFW RQ IUHVKZDWHU HFRV\VWHPV� 7KLV VWXG\ ZDV
FRQGXFWHG WR HVWLPDWH WKH FRQVLVWHQF\ RI WKH SRSXODWLRQ KRVWHG LQWR WKH DUWLILFLDO ODNHV DQG SRQGV RI
WKH 3DUFR 1RUG 0LODQR �0LODQ 3URYLQFH� /RPEDUG\� ,WDO\�� 7KH SUHVHQFH RI VOLGHU WXUWOHV LQ WKH SDUN
KDV ORQJ EHHQ NQRZQ� EXW WKH RYHUDOO QXPEHU RI LQGLYLGXDOV� WKHLU VH[�UDWLR DQG WKHLU UHSURGXFWLYH
VWDWXV ZHUH XQNQRZQ� 7KH WXUWOHV ZHUH FDSWXUHG ZLWK EDVNLQJ WUDSV GXULQJ PXOWLSOH FDSWXUH�
UHFDSWXUH VHVVLRQV� IURP $SULO WR $XJXVW ����� 7KH VSHFLPHQV WUDSSHG ZHUH PHDVXUHG� ZHLJKHG�
VH[HG DQG PDUNHG ZLWK VPDOO QRWFK RQ FDUDSDFH� 7KH RYHUDOO QXPEHU RI LQGLYLGXDOV IRU HDFK ZHW
]RQH ZDV HVWLPDWHG ZLWK WKH &05 PRGHO IRU FORVH SRSXODWLRQV SURYLGHG E\ WKH VRIWZDUH 1RUHPDUN�
DQG WKH QXPEHU RI SRWHQWLDO EUHHGHUV ZDV HVWLPDWHG E\ SODVWURQ OHQJWK� DFFRUGLQJ WR OLWHUDWXUH� :H
PDUNHG ��� VOLGHU WXUWOHV �7UDFKHP\V VFULSWD VSS�� DQG� DOWKRXJK ZH GLG QRW ILQG FOHDU HYLGHQFH RI
VXFFHVVIXOO UHSURGXFWLRQ� VXUSULVLQJO\ ZH LGHQWLILHG VHYHQ LQGLYLGXDOV ZLWK VWUDLJKW FDUDSDFH OHQJKW
�6&/��EHWZHHQ����DQG����PP�
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06�����6�6SHFLDO�6HVVLRQ���$OLHQ�VSHFLHV��DQ�LQFUHDVLQJ�WKUHDW�WR�IUHVKZDWHU�HFRV\VWHPV"

0XVHR�&LYLFR�GL�6WRULD�1DWXUDOH�GL�9HURQD��9HURQD��,WDO\

/DERUDWRULR�,WWLREHQWKRV��'LSDUWLPHQWR�GL�6FLHQ]H�GHOOD�9LWD��8QLYHUVLWj�GL�7ULHVWH��7ULHVWH��,WDO\

8QLWj�2SHUDWLYD�GL�0LFURELRORJLD�H�%LRORJLD�$PELHQWDOH���6HUYL]LR�/DERUDWRULR�GL�9HURQD��$JHQ]LD�5HJLRQDOH
SHU�OD�3UHYHQ]LRQH�H�3URWH]LRQH�$PELHQWDOH�9HQHWR��$53$9���9HURQD��,WDO\

8QLWj�2SHUDWLYD�GL�0LFURELRORJLD�H�%LRORJLD�$PELHQWDOH���6HUYL]LR�/DERUDWRULR�GL�9HURQD��$JHQ]LD�5HJLRQDOH
SHU�OD�3UHYHQ]LRQH�H�3URWH]LRQH�$PELHQWDOH�9HQHWR��$53$9���9HURQD��,WDO\

(1($�&�5��&DVDFFLD��8QLWj�7HFQLFD�$*5,�(&2��*HVWLRQH�VRVWHQLELOH�GHJOL�DJUR�HFRVLVWHPL���5RPD��,WDO\

(1($�&�5��&DVDFFLD��8QLWj�7HFQLFD�$*5,�(&2��*HVWLRQH�VRVWHQLELOH�GHJOL�DJUR�HFRVLVWHPL���5RPD��,WDO\�

0XVHR�&LYLFR�GL�6WRULD�1DWXUDOH�GL�9HURQD��9HURQD��,WDO\
�
.(<:25'6��%,2/2*,&$/�,19$6,21��',.(52*$00$586�9,//2686��/$.(�*$5'$

7KH ³NLOOHU VKULPS´ 'LNHURJDPPDUXV YLOORVXV LV DQ DPSKLSRG FUXVWDFHDQ QDWLYH WR WKH 3RQWR�
&DVSLDQ UHJLRQ� ZKLFK ZDV REVHUYHG IRU WKH ILUVW WLPH LQ /DNH *DUGD DQG LQ WKH QHDUE\
ZDWHUFRXUVHV GXULQJ WKH ����� )LQGLQJV RI '� YLOORVXV LQ 7XVFDQ\ �&HQWUDO ,WDO\� LQ ����
GHPRQVWUDWH WKDW WKLV LQYDGHU KDV TXLFNO\ VSUHDG WKURXJKRXW ,WDO\� EHFRPLQJ D VHULRXV WKUHDW IRU WKH
VXUYLYDO RI LQGLJHQRXV VSHFLHV ZKLFK VKDUH VLPLODU PLFURKDELWDWV� ,QGHHG� QDWLYH (FKLQRJDPPDUXV
VWDPPHUL ZDV VHJUHJDWHG IURP WKH OLWWRUDO ]RQH RI /DNH *DUGD WR KLJKHU GHSWKV GXH WR FRPSHWLWLRQ�
HVSHFLDOO\ LQ WKH ORZHU EDVLQ EXW DOVR OLNHO\ LQ WKH QRUWKHUQ� 7HQ \HDUV DIWHU WKH ILUVW UHFRUG DQG
PRQLWRULQJ� ZH KDYH FKHFNHG WKH GLVWULEXWLRQ RI '� YLOORVXV DQG (� VWDPPHUL� WR YHULI\ WKH HYROXWLRQ
RI WKH LQYDVLRQ� $ TXDQWLWDWLYH VWXG\ ZDV FDUULHG RXW IURP -XQH WR 6HSWHPEHU ����� LQ VHYHQ
VDPSOLQJ VLWHV SODFHG ERWK LQ WKH VRXWKHUQ DQG VRUWKHUQ EDVLQ� DW PD[LPXP GHSWK RI ��� P� ZKHUH
GHQVLWLHV RI '� YLOORVXV DQG (� VWDPPHUL �LQG P��� ZDV LQYHVWLJDWHG DQG TXDQWLWDWLYH FRPSDULVRQV
ZLWK SUHYLRXV GDWD ZHUH GRQH� )LQDOO\� D VDPSOLQJ FDPSDLJQ ZDV FRQGXFWHG LQ VXEOLWWRUDO DQG
SURIXQGDO HQYLURQPHQWV ���� P PD[LPXP GHSWK� DW VWDWLRQV ORFDWHG LQ WKH VRXWKHUQ DQG HDVWHUQ
VLGH RI WKH ODNH DQG TXDOLWDWLYH FRQIURQWDWLRQV ZHUH SHUIRUPHG�7KH ³NLOOHU VKULPS´ 'LNHURJDPPDUXV
YLOORVXV LV DQ DPSKLSRG FUXVWDFHDQ QDWLYH WR WKH 3RQWR�&DVSLDQ UHJLRQ� ZKLFK ZDV REVHUYHG IRU WKH
ILUVW WLPH LQ /DNH *DUGD DQG LQ WKH QHDUE\ ZDWHUFRXUVHV GXULQJ WKH ����� )LQGLQJV RI'� YLOORVXV LQ
7XVFDQ\ �&HQWUDO ,WDO\� LQ ���� GHPRQVWUDWH WKDW WKLV LQYDGHU KDV TXLFNO\ VSUHDG WKURXJKRXW ,WDO\�
EHFRPLQJ D VHULRXV WKUHDW IRU WKH VXUYLYDO RI LQGLJHQRXV VSHFLHV ZKLFK VKDUH VLPLODU PLFURKDELWDWV�
,QGHHG� QDWLYH (FKLQRJDPPDUXV VWDPPHUL ZDV VHJUHJDWHG IURP WKH OLWWRUDO ]RQH RI /DNH *DUGD WR
KLJKHU GHSWKV GXH WR FRPSHWLWLRQ� HVSHFLDOO\ LQ WKH ORZHU EDVLQ EXW DOVR OLNHO\ LQ WKH QRUWKHUQ� 7HQ
\HDUV DIWHU WKH ILUVW UHFRUG DQG PRQLWRULQJ� ZH KDYH FKHFNHG WKH GLVWULEXWLRQ RI '� YLOORVXV DQG (�
VWDPPHUL� WR YHULI\ WKH HYROXWLRQ RI WKH LQYDVLRQ� $ TXDQWLWDWLYH VWXG\ ZDV FDUULHG RXW IURP -XQH WR
6HSWHPEHU ����� LQ VHYHQ VDPSOLQJ VLWHV SODFHG ERWK LQ WKH VRXWKHUQ DQG VRUWKHUQ EDVLQ� DW
PD[LPXP GHSWK RI ��� P� ZKHUH GHQVLWLHV RI '� YLOORVXV DQG (� VWDPPHUL �LQG P��� ZDV
LQYHVWLJDWHG DQG TXDQWLWDWLYH FRPSDULVRQV ZLWK SUHYLRXV GDWD ZHUH GRQH� )LQDOO\� D VDPSOLQJ
FDPSDLJQ ZDV FRQGXFWHG LQ VXEOLWWRUDO DQG SURIXQGDO HQYLURQPHQWV ���� P PD[LPXP GHSWK� DW
VWDWLRQV ORFDWHG LQ WKH VRXWKHUQ DQG HDVWHUQ VLGH RI WKH ODNH DQG TXDOLWDWLYH FRQIURQWDWLRQV ZHUH
SHUIRUPHG�
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6ORYHQLDQ�(QYLURQPHQWDO�$JHQF\��6ORYHQLD

1DWLRQDO�,QVWLWXWH�RI�%LRORJ\��6ORYHQLD�
�
.(<:25'6��3+<723/$1.721��%,2/2*,&$/�0(7+2'6��(87523+,&$7,21�&21752/�

,Q DFFRUGDQFH ZLWK WKH :DWHU )UDPHZRUN 'LUHFWLYH �'LUHFWLYH ��������(& � DQG RQ WKH EDVHV RI WKH
QDWLRQDO ZDWHU TXDOLW\ PRQLWRURQJ GDWD� WKH /DNH %OHG WURSKLF VWDWH ZDV GHWHUPLQHG ZLWK WKH QHZ
(FRORJLFDO VWDWXV DVVHVVPHQW V\VWHP IRU ODNHV XVLQJ SK\WRSODQNWRQ LQ 6ORYHQLD� 5HSUHVHQWHG DUH
G\QDPLFV RI GLIIHUHQW WD[RQRPLF JURXSV RI SK\WRSODQNWRQ LQ WKH /DNH %OHG IRU WKH SHULRG
���������� ZLWK WKH PDLQ VWUHVV RQ F\DQREDFWHULD �&\DQRSK\WD� ZKLFK ZDV WKH GRPLQDW
SK\WRSODQNWRQ JURXS LQ WKH /DNH %OHG EHIRUH DQG DOVR ORQJ \HDUV DIWHU WKH LQWURGXFWLRQ RI WKUHH
HXWURSKLFDWLRQ FRQWURO PHDVXUHV DW %OHG� 3UHVHQWHG DUH DOVR WKH P\FURF\VWLQH FRQFHQWDWLRQV
LVRODWHG IURP WKH ODNH SK\WRSODQNWRQ PDWHULDO� ZKLFK FRQWDLQHG PRUH WKDQ ��� RI 3ODQNWRWKUL[
UXEHVFHQV�ELRPDVV���
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8QLYHUVLW\�RI�*HQHYD��6ZLW]HUODQG

)UHQFK�1DWLRQDO�,QVWLWXWH�IRU�$JULFXOWXUDO�5HVHDUFK��,15$���805�����&$557(/��)UDQFH

/HLEQL]�,QVWLWXWH�RI�)UHVKZDWHU�(FRORJ\�DQG�,QODQG�)LVKHULHV��,*%���%HUOLQ��*HUPDQ\

'HSDUWPHQW�RI�%LRORJLFDO�6FLHQFHV��8QLYHUVLW\�RI�:DLNDWR��1HZ�=HDODQG
�
.(<:25'6��180(5,&$/�02'(//,1*��3+<723/$1.721��&/,0$7(�&+$1*(

3UHGLFWLQJ WKH VWRFKDVWLF SDWWHUQ RI WKH SK\WRSODQNWRQ FRPPXQLW\ UHPDLQV D FKDOOHQJLQJ WDVN ZKHQ
PRGHOLQJ ODNH HFRV\VWHPV GXH WR WKHLU H[WUHPHO\ GLYHUVH EHKDYLRU� *URXSLQJ SK\WRSODQNWRQ LQWR
IXQFWLRQDO JURXSV QRW RQO\ KDV WKH DGYDQWDJH WR EHWWHU UHSUHVHQW WKHLU HFRORJLFDO EHKDYLRU DQG
VXFFHVVLRQ� EXW PRUHRYHU UHGXFHV WKH QXPEHU RI DVVHVVLQJ HQWLWLHV DOORZLQJ D PRUH UHSUHVHQWDWLYH
RYHUYLHZ RI WKH HQWLUH FRPPXQLW\� 7KLV VWXG\ UHSUHVHQWV D ILUVW G\QDPLF PRGHOLQJ DSSURDFK RI
IXQFWLRQDO JURXSV RI WKH SK\WRSODQNWRQ FRPPXQLW\ LQ GHHS� PHVRWURSKLF /DNH *HQHYD XVLQJ WKH
'<5(60 IRU K\GURG\QDPLF SURFHVVHV� IXUWKHU FRXSOHG WR &$('<0 IRU LQYHVWLJDWLRQV LQYROYLQJ WKH
ELRORJLFDO DQG FKHPLFDO SURFHVVHV� /DNH *HQHYD SOD\V DQ LPSRUWDQW HQYLURQPHQWDO UROH DV LW LV WKH
ODUJHVW ODNH LQ FHQWUDO (XURSH LQ WKH SHUL�$OSLQH UHJLRQ� UHSUHVHQWLQJ DQ HVVHQWLDO UHVRXUFH IRU
GULQNLQJ ZDWHU VXSSO\� ,W LV K\SRWKHVL]HG WKDW FOLPDWH FKDQJH ZLOO DIIHFW WKH SKHQRORJ\ RI WKH
SK\WRSODQNWRQ FRPPXQLWLHV DQG SURPRWH DQ LQFUHDVH LQ ELRPDVV� )XUWKHUPRUH� WKH HPHUJHQFH RI
SRWHQWLDOO\ WR[LF F\DQREDFWHULD LV IRUHFDVWHG� ZLWK SRWHQWLDO WR FRQWULEXWH WR FRQVLGHUDEOH
GHWHULRUDWLRQ RI ZDWHU TXDOLW\� 2XU DLP ZDV WR SURGXFH DQ DFFXUDWH SUHGLFWLYH PDQDJHPHQW WRRO IRU
/DNH *HQHYD DQG WR DVVHVV WKH HFRORJLFDO VWDWH RI WKH ODNH XQGHU SUHVHQW DV ZHOO DV XQGHU IXWXUH
FOLPDWLF FRQGLWLRQV� ZLWK IRFXV RQ WKH SK\WRSODQNWRQ FRPPXQLW\ DQG LWV VXFFHVVLRQDO VHTXHQFH� )RU
WKLV SXUSRVH� 0RUSKR�IXQFWLRQDO JURXSV RI SK\WRSODQNWRQ VSHFLILF IRU /DNH *HQHYD ZHUH LGHQWLILHG
XVLQJ D QRYHO PHWKRG� 0RUSKR�IXQFWLRQDO JURXSV DSSHDU WR EH DQ DSSURSULDWH OHYHO RI VWDWH YDULDEOH
UHSUHVHQWDWLRQ LQ WKLV W\SH RI PRGHOLQJ DSSURDFK WR HQDEOH YDOXDEOH LQVLJKWV LQWR HPHUJLQJ
HQYLURQPHQWDO�GULYHUV�VXFK�DV�FOLPDWH�FKDQJH��
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3HNLQJ�8QLYHUVLW\��&KLQD

3HNLQJ�8QLYHUVLW\��&KLQD

3HNLQJ�8QLYHUVLW\��&KLQD
�
.(<:25'6��&/,0$7(�&+$1*(��3+<723/$1.721�'<1$0,&6��0,1,080�7(03(5$785(

3K\WRSODQNWRQ DUH WKH SULPDU\ HQHUJ\ VRXUFH IRU DTXDWLF HFRV\VWHPV DQG DOVR RI JOREDO
VLJQLILFDQFH IRU FOLPDWH UHJXODWLRQ DQG ELRJHRFKHPLFDO F\FOLQJ� $ ZLGH UDQJH RI VWXGLHV KDYH VKRZQ
OLQNV EHWZHHQ IOXFWXDWLRQV LQ FOLPDWH DQG HFRORJLFDO SURFHVVHV WKDW DIIHFW SK\WRSODQNWRQ G\QDPLFV�
3K\WRSODQNWRQ SOD\ D FHQWUDO UROH LQ WURSKLF WUDQVIHUV WKURXJK DTXDWLF IRRG ZHEV� LW LV HVSHFLDOO\
LPSRUWDQW WR XQGHUVWDQG KRZ FOLPDWH FKDQJH DIIHFWV OLQNV EHWZHHQ SK\VLFDO SURFHVVHV DQG
SODQNWRQ G\QDPLFV LQ ODNH HFRV\VWHPV� 7KH SXUSRVH RI WKLV SDSHU LV WR SUHVHQW WKH FXUUHQW
XQGHUVWDQGLQJ RI FOLPDWH�LQGXFHG RQ SK\WRSODQNWRQ G\QDPLFV E\ VDWHOOLWH UHPRWH VHQVLQJ� ZKLFK
FDQ SURYLGH D YDOXDEOH WRRO WR H[SORUH SK\WRSODQNWRQ EORRP WLPLQJ� SHDN DQG PDJQLWXGH DW D EDVLQ
VFDOH� /DQGVDW 70 LPDJHV IURP ��������� DUH XVHG WR GHWHFW WKH SK\WRSODQNWRQ G\QDPLFV� DQG WKH
VWUXFWXUDO HTXDWLRQ PRGHO ZDV FDUULHG RXW WR FRPSDUH WKH HIIHFWV RI FOLPDWH FKDQJH DQG QXWULHQW
FRQFHQWUDWLRQ RQ SK\WRSODQNWRQ G\QDPLFV LQ ODNH 'LDQFKL� 7KH UHVXOWV LOOXVWUDWHG WKDW WKH PLQLPXP
WHPSHUDWXUH ZDV WKH SUREDEOH GULYLQJ IDFWRU WR DIIHFW SK\WRSODQNWRQ G\QDPLFV� ZKLFK ZDV
VLJQLILFDQWO\ FRUUHODWHG ZLWK WKH VSULQJ EORRP DQG WKH VHDVRQDO JURZWK SDWWHUQV RI SK\WRSODQNWRQ�
)XUWKHUPRUH� FOLPDWH FKDQJH PD\ UHVXOW LQ PRUH LPSDFWV RQ WKH SK\WRSODQNWRQ G\QDPLFV WKDQ WKH
QXWULHQW�FRQFHQWUDWLRQ��
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&HQWUDO�:DWHU�DQG�3RZHU�5HVHDUFK�6WDWLRQ��.KDGDNZDVOD��3XQH��,QGLD

&HQWUDO�:DWHU�DQG�3RZHU�5HVHDUFK�6WDWLRQ��.KDGDNZDVOD��3XQH��,QGLD

&HQWUDO�:DWHU�DQG�3RZHU�5HVHDUFK�6WDWLRQ��.KDGDNZDVOD��3XQH��,QGLD

&HQWUDO�:DWHU�DQG�3RZHU�5HVHDUFK�6WDWLRQ��.KDGDNZDVOD��3XQH��,QGLD

&HQWUDO�:DWHU�DQG�3RZHU�5HVHDUFK�6WDWLRQ��.KDGDNZDVOD��3XQH��,QGLD
�
.(<:25'6��5(6(592,5�&$6&$'(��3+<723/$1.721���:$7(5�48$/,7<

$V WKHUH KDV EHHQ XQSUHFHGHQWHG XUEDQL]DWLRQ DQG LQGXVWULDOL]DWLRQ LQ WKH XSSHU %KLPD EDVLQ�
ZDWHU TXDOLW\ RI WKH ULYHU DQG UHVHUYRLUV EHFDPH D PDMRU FRQFHUQ� $ FDVFDGH RI � UHVHUYRLUV
QDPHO\ 3DQVKHW UHVHUYRLU�35�� .KDGDNZDVOD UHVHUYRLU �.5� DQG 8MMDQL UHVHUYRLU �85� ZHUH
VHOHFWHG WR LQYHVWLJDWH SK\WRSODQNWRQ G\QDPLFV� :DWHU DQG ELRORJLFDO VDPSOHV DQG LQ VLWX GDWD
ZHUH FROOHFWHG FRYHULQJ DOO WKUHH VHDVRQV IURP WKUHH UHVHUYRLUV� :DWHU TXDOLW\ DQG SK\WRSODQNWRQ
DQDO\VLV LPSOLHG WKDW ZDWHU TXDOLW\ ZDV GHJUDGLQJ DORQJ WKH UHVHUYRLU FDVFDGH� :DWHU TXDOLW\
SDUDPHWHUV OLNH &RQGXFWLYLW\ ������ WR �������6�FP�� S+ ����� WR ����� '2 ����� WR ����PJ�O� DQG
6HFFKL GHSWK ����� WR ����P� REVHUYHG WR EH GHWHULRUDWLQJ IURP 35 WR GRZQVWUHDP 85�
3K\WRSODQNWRQ GHQVLW\ LQ 85 ZDV WKH KLJKHVW DPRQJ � UHVHUYRLUV ����� RUJ�OLWUH� ZKLFK LPSOLFDWHG
WKDW WKH WURSKLF VWDWXV RI 85 LV LQFUHDVLQJ� $ WRWDO RI �� JHQHUD� �� JHQHUD DQG �� JHQHUD RI DOJDH
ZHUH LGHQWLILHG LQ 35� .5 DQG 85 UHVSHFWLYHO\� 7KHUH LV JUDGXDO LQFUHDVH LQ SHUFHQWDJH RI
&\DQRSK\FHDH IURP 35 WR 85 LQGLFDWLQJ WKH LQFUHDVLQJ WUHQG LQ KDUPIXO DOJDH� %DFLOODULRSK\FHDH
ZDV REVHUYHG WR EH WKH GRPLQDQW FODVV LQ 35 DQG .5 ZKHUH DV &KORURSK\FHDH ZDV D GRPLQDQW
FODVV LQ 85� ,W ZDV REVHUYHG WKDW WKHUH LV D JUDGXDO GHWHULRUDWLRQ LQ ZDWHU TXDOLW\ DQG
SK\WRSODQNWRQ FRPSRVLWLRQ LQ D UHVHUYRLU FDVFDGH D ZH WUDYHO GRZQ�VWUHDP� 6KDOORZ UHVHUYRLUV
KDYLQJ PRUH VWRUDJH FDSDFLW\ DQG KXPDQ LQWHUIHUHQFH WULJJHUV WKH LQFUHDVH LQ WURSKLF VWDWXV DQG
IRU VXFK UHVHUYRLUV FRQWLQXRXV VXUYHLOODQFH LV PXVW DQG UHPHGLDO PHDVXUHV QHHG WR EH WDNHQ RQ
SULRULW\�EDVLV��/RQJ�WHUP�PRQLWRULQJ�IRU�WKH���UHVHUYRLUV�LV�VXJJHVWHG�

35(6(17$7,21�7<3(��25$/

���

��WK�:RUOG�/DNH�&RQIHUHQFH�������6HSWHPEHU�������3HUXJLD��,WDO\



06������3K\WRSODQNWRQ�G\QDPLFV

,QVWLWXWH�RI�+\GURELRORJ\��8QLYHUVLW\�RI�&KLQHVH�$FDGHP\�RI�6FLHQFHV��&KLQD

,QVWLWXWH�RI�+\GURELRORJ\��8QLYHUVLW\�RI�&KLQHVH�$FDGHP\�RI�6FLHQFHV��&KLQD

,QVWLWXWH�RI�+\GURELRORJ\��8QLYHUVLW\�RI�&KLQHVH�$FDGHP\�RI�6FLHQFHV��&KLQD

,QVWLWXWH�RI�+\GURELRORJ\��8QLYHUVLW\�RI�&KLQHVH�$FDGHP\�RI�6FLHQFHV��&KLQD
�
.(<:25'6��3+<723/$1.721��6($621$/�68&&(66,21��5(6(592,5

,PSRXQGPHQW RI 7KUHH *RUJHV 5HVHUYRLU �7*5� GUDVWLFDOO\ UHGXFHG WKH YHORFLW\ RI ZDWHU� DQG
JUHDW FKDQJHV KDSSHQHG LQ WKH K\GUDXOLF FRQGLWLRQV RI WKH PDLQVWUHDP DQG LQIOXHQWV� 6SDWLR�
WHPSRUDO GLIIHUHQFHV LQ WKH FRPPXQLW\ VWUXFWXUH RI SK\WRSODQNWRQ ZHUH GHWHUPLQHG IURP VSULQJ WR
ZLQWHU LQ WKLV VXUYH\� ,Q PDLQ FKDQQHO� WKH QXPEHU RI WD[D ZDV ��� ��� �� DQG �� LQ IRXU VHDVRQV�
UHVSHFWLYHO\� ,Q ILYH WULEXWDULHV� ��� ��� �� DQG �� JHQHUD ZHUH VHSDUDWHO\ REVHUYHG LQ IRXU
VHDVRQV� 'LYHUVLW\ LQGH[ DQG HYHQQHVV ZHUH LQ WKH VDPH GHJUHH DFFRUGLQJ WR WKH HYDOXDWLRQ
VWDQGDUG� ,Q VSULQJ� VXPPHU DQG DXWXPQ� GLDWRP DQG F\DQREDFWHULD EORRPV IUHTXHQWO\ KDSSHQHG
LQ GLIIHUHQW WULEXWDULHV� RI ZKLFK WKH GRPLQDQW VSHFLHV ZDV 5DSKLGLRSVLV FXUYDWD� $SKDQL]RPHQRQ
IORV�DTXDH� &\FORWHOOD VS� DQG &RHODVWUXP VS� UHVSHFWLYHO\� 7RWDOO\ YHUWLFDO PL[LQJ LQ WKH PDLQ
FKDQQHO OHDGHG WR WKH KRPRJHQHRXV GLVWULEXWLRQ RI ELRPDVV� EXW DOWHUQDWLYHO\ WKH WDUG\ YHORFLW\
DFFRPSDQLHG E\ KLJK WHPSHUDWXUH UHVXOWHG LQ WKH HYLGHQW VWUDWLILFDWLRQ LQ ELRPDVV RI SK\WRSODQNWRQ
LQ WULEXWDULHV� 7KLV SKHQRPHQRQ ZDV DOVR IXUWKHU GHPRQVWUDWHG E\ 0RULVLWD¶V LQGH[ �,į�� 7KURXJKRXW
WKH FOXVWHU DQDO\VLV� GLIIHUHQW JURXSV ZHUH FRQVWUXFWHG EHWZHHQ PDLQVWUHDP DQG WULEXWDULHV� ZKLFK
IXUWKHU VXJJHVWHG WKH GLVFUHSDQF\ LQ SK\WRSODQNWRQ FRPPXQLW\ VWUXFWXUH DQG ELRPDVV� 2YHUDOO�
VHDVRQDO HQYLURQPHQWDO IDFWRUV �WHPSHUDWXUH� OLJKW DQG HW DO�� DQG K\GUDXOLF FKDQJHV �DGYHFWLYH
YHORFLW\� WKHUPDO VWUDWLILFDWLRQ DQG HW DO�� IURP WKH DQWKURSRJHQLF PDQDJHPHQWV LQ UHVHUYRLUV JDYH
UHPDUNDEOH�LPSDFWV�RQ�WKH�DVVHPEODJH�RI�SK\WRSODQNWRQ�
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:HWODQG�5HVHDUFK�DQG�7UDLQLQJ�&HQWUH��&KLOLND�'HYHORSPHQW�$XWKRULW\��%DUNXO��%DOXJDRQ��.KXUGD��2GLVKD�
,QGLD

'HSDUWPHQW�RI�%LRORJLFDO�6FLHQFHV��,QGLDQ�,QVWLWXWH�RI�6FLHQFH�(GXFDWLRQ�DQG�5HVHDUFK�.RONDWD��0RKDQSXU
&DPSXV��0RKDQSXU��,QGLD

:HWODQG�5HVHDUFK�DQG�7UDLQLQJ�&HQWUH��&KLOLND�'HYHORSPHQW�$XWKRULW\��%DUNXO��%DOXJDRQ��.KXUGD��2GLVKD�
,QGLD

:HWODQG�5HVHDUFK�DQG�7UDLQLQJ�&HQWUH��&KLOLND�'HYHORSPHQW�$XWKRULW\��%DUNXO��%DOXJDRQ��.KXUGD��2GLVKD�
,QGLD

:HWODQG�5HVHDUFK�DQG�7UDLQLQJ�&HQWUH��&KLOLND�'HYHORSPHQW�$XWKRULW\��%DUNXO��%DOXJDRQ��.KXUGD��2GLVKD�
,QGLD

:HWODQG�5HVHDUFK�DQG�7UDLQLQJ�&HQWUH��&KLOLND�'HYHORSPHQW�$XWKRULW\��%DUNXO��%DOXJDRQ��.KXUGD��2GLVKD�
,QGLD
�
.(<:25'6��3+<723/$1.721����&+,/,.$����(678$5<

7KH &KLOLND /DNH LV D EUDFNLVK VKDOORZ HVWXDU\ DQG D GHVLJQDWHG 5DPVDU VLWH LQ WKH (DVW FRDVW RI
,QGLD� :H LQYHVWLJDWHG WKH VSDWLDO DQG WHPSRUDO G\QDPLFV RI SK\WRSODQNWRQ FRPPXQLWLHV WKURXJK
PRQWKO\ FDPSDLJQ EHWZHHQ -XO\ �����-XQH ���� LQ UHODWLRQ WR SK\VLFDO �WHPSHUDWXUH� VDOLQLW\� S+�
GLVVROYHG R[\JHQ� DQG FKHPLFDO �QXWULHQWV� YDULDEOHV RI ZDWHU FROXPQ� &KLOLND /DNH GXH WR LWV
XQLTXH VDOLQLW\ JUDGLHQW FRYHULQJ IUHVKZDWHU� EUDFNLVK� DQG PDULQH FRQGLWLRQV VXSSRUWHG D KLJK
GLYHUVLW\ RI 3K\WRSODQNWRQ� $ WRWDO RI ��� VSHFLHV RI SK\WRSODQNWRQ� PRVWO\ GRPLQDWHG E\ GLDWRPV
���� VSHFLHV� IROORZHG E\ GLQRIODJHOODWHV ��� VSHFLHV�� JUHHQ DOJDH ��� VSHFLHV�� F\DQREDFWHULD ���
VSHFLHV�� HXJOHQRLGV ��� VSHFLHV�� DQG VLOLFRIODJHOODWHV �� VSHFLHV� ZHUH UHFRUGHG GXULQJ VWXG\
SHULRG� ,UUHVSHFWLYH RI WKH VDPSOLQJ VHDVRQ� GLDWRPV ZHUH WKH PRVW GRPLQDQW PHPEHU LQ
SK\WRSODQNWRQ FRPPXQLWLHV� 'LIIHUHQW HFRORJLFDO VHFWRUV RI WKH ODJRRQ �H[FHSW WKH QRUWKHUQ VHFWRU�
ZHUH GRPLQDWHG E\ GLDWRPV ZKLOH WKH QRUWKHUQ VHFWRU GXH LW LWV IUHVKZDWHU UHJLPH VXSSRUWHG ODUJH
SRSXODWLRQ RI HXJOHQRLGV� 3K\WRSODQNWRQ GHQVLW\ VKRZHG D PDUNHG YDULDWLRQ UDQJLQJ IURP �� FHOOV�/
LQ 1RUWKHUQ 6HFWRU WR ����� FHOOV�/ LQ &HQWUDO 6HFWRU� 7KH ILYH PRVW DEXQGDQW WD[D HQFRXQWHUHG LQ
WKH ODJRRQ GXULQJ VXUYH\ SHULRG ZHUH 3OHXURVLJPD QRUPDQLL ������������ 'LFW\RFKD
VS������������7UDFKHORPRQDV VS�������������� *\PQRGLQLXP VS� ��������� DQG (XGRULQD VS�
��������� :H REVHUYHG D VWURQJ SRVLWLYH FRUUHODWLRQ EHWZHHQ SK\WRSODQNWRQ GHQVLW\ DQG VDOLQLW\
GXULQJ�VXPPHU�VHDVRQ��S

35(6(17$7,21�7<3(��25$/
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��WK�:RUOG�/DNH�&RQIHUHQFH�������6HSWHPEHU�������3HUXJLD��,WDO\
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1HSDO�$JULFXOWXUDO�5HVHDUFK�&RXQFLO��1HSDO
�
.(<:25'6����3+(:$�/$.(���3+<723/$1.721��0,&52&<67,6�$(58*,126$

,QFUHDVH LQ HXWURSKLFDWLRQ RI 3KHZD /DNH KDV EHHQ H[SHULHQFHG GXH WR LQFUHDVH LQ LQWHQVLYH
DJULFXOWXUH DQG XUEDQLVDWLRQ LQ LWV ZDWHUVKHG� 6WXG\ RQ WKH FKDQJHV LQ SK\WRSODQNWRQ FRPPXQLW\ LV
RQH RI WKH NH\ LQGLFDWRUV IRU XQGHUVWDQGLQJ WKH UDWH RI HXWURSKLFDWLRQ� 7LPH VHULHV GDWD RQ
SK\WRSODQNWRQ FRPPXQLW\ KDYH EHHQ FROOHFWHG IURP \HDU ���� WR ���� WR NQRZ WKH VKLIWV LQ
GLYHUVLW\� TXDOLW\ DQG TXDQWLW\ RI SK\WRSODQNWRQ IURP SK\OD WR VSHFLHV OHYHO� 7KHUH ZDV GHFUHDVLQJ
WUHQGV RI SK\OD DQG VSHFLHV RI SK\WRSODQNWRQ ZKHUH DV WKH GHQVLW\ �FHOOV�P/� ZDV LQ LQFUHDVLQJ
WUHQGV LQ 3KHZD ODNH� 7KH SK\OD &\DQRSK\FHDH ZDV LQFUHDVHG ZKHUH DV &KORURSK\FHDH�
%DFLOODULRSK\FHDH DQG 'LQRSK\FHDH ZHUH GHFUHDVHG LQ WRWDO SK\WRSODQNWRQLF RUJDQLVP RI ZDWHU RI
3KHZD /DNH LQ WKH \HDU ���� DV FRPSDUHG WR WKH \HDU ����� 7KH DQQXDO PHDQ GHQVLW\ RI
SK\WRSODQNWRQ ZDV LQFUHDVHG E\ PRUH WKDQ WZR WLPHV LQ WKH \HDU ���� DV FRPSDUHG WR WKH \HDU
����� 7KLV LQGLFDWHG WKDW VKLIWHG LQ WKH GLYHUVLW\� TXDOLW\ DQG TXDQWLW\ RI SK\WRSODQNWRQ SK\OD WR
VSHFLHV OHYHO GXH WR FXOWXUDO HXWURSKLFDWLRQ LQ WKLV /DNH� $QQXDO PHDQ GHQVLW\ RI 0LFURF\VWLV
DHUXJLQRVD ZDV LQFUHDVHG VLJQLILFDQWO\ LQ ZDWHU RI 3KHZD /DNH LQ WKH \HDU ���� DV FRPSDUHG WR
WKH \HDU ���� ZKLFK LQGLFDWHG HXWURSKLFDWLRQ LPSDFWV LQ WKLV ODNH� 7KH SRVVLEOH LPSDFW RI WKHVH
FKDQJHV LQ SK\WRSODQNWRQ FRPPXQLW\ RQ ILVKHULHV RI 3KHZD /DNH DQG SRVVLEOH PHDVXUHV WR
FRPEDW�HXWURSKLFDWLRQ�LQ�WKLV�PDJQLILFHQW�ODNH�KDV�EHHQ�GLVFXVVHG�

35(6(17$7,21�7<3(��25$/
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/((68��805�0$������8QLYHUVLWp�3DULV�(VW��(FROH�GHV�3RQWV�3DULV7HFK��$JUR3DULV7HFK��)�������0DUQH�OD�
9DOOpH��)UDQFH

/((68��805�0$������8QLYHUVLWp�3DULV�(VW��(FROH�GHV�3RQWV�3DULV7HFK��$JUR3DULV7HFK��)�������0DUQH�OD�
9DOOpH��)UDQFH

/((68��805�0$������8QLYHUVLWp�3DULV�(VW��(FROH�GHV�3RQWV�3DULV7HFK��$JUR3DULV7HFK��)�������0DUQH�OD�
9DOOpH��)UDQFH

/DERUDWRU\�RI�0LFURRUJDQLVPV�DQG�)RRG�,UUDGLDWLRQ��/HEDQHVH�$WRPLF�(QHUJ\�&RPPLVVLRQ��&156��%HLUXW�
/HEDQRQ

/DERUDWRU\�RI�0LFURRUJDQLVPV�DQG�)RRG�,UUDGLDWLRQ��/HEDQHVH�$WRPLF�(QHUJ\�&RPPLVVLRQ��&156��%HLUXW�
/HEDQRQ

/((68��805�0$������8QLYHUVLWp�3DULV�(VW��(FROH�GHV�3RQWV�3DULV7HFK��$JUR3DULV7HFK��)�������0DUQH�OD�
9DOOpH��)UDQFH
�
.(<:25'6��&<$12%$&7(5,$��3+<723/$1.721�68&&(66,21��02'(//,1*

/DNH DQG UHVHUYRLU PDQDJHUV DUH LQ QHHG RI VLPSOH WRROV IRU SUHGLFWLQJ KDUPIXO DOJDO EORRPV� %XW
WKH SURFHVV�EDVHG PRGHOV GHVFULEHG LQ WKH OLWHUDWXUH DUH RIWHQ KLJKO\ FRPSOH[ DQG UHTXLUH ODUJH
GDWD VHWV� %H\RQG D FHUWDLQ GHJUHH� DGGLQJ SURFHVVHV ZDV VKRZQ WR UHGXFH PRGHO SUHGLFWLYH
FDSDELOLWLHV� ,Q WKLV ZRUN� ZH DVVHVV WKH SHUIRUPDQFH RI D VLPSOH ELRORJLFDO PRGHO WR GHVFULEH WKH
VXFFHVVLRQ RI F\DQREDFWHULDO EORRPV LQ D UHVHUYRLU� 2XU VWXG\ VLWH LV .DUDRXQ 5HVHUYRLU� /HEDQRQ�
D HXWURSKLF UHVHUYRLU ZKHUH F\DQREDFWHULD $SKDQL]RPHQRQ RYDOLVSRUXP DQG 0LFURF\VWLV
DHUXJLQRVD DOWHUQDWLYHO\ EORRP� :H XVHG WKH IROORZLQJ FRQILJXUDWLRQ RI WKH RQH�GLPHQVLRQDO
K\GURG\QDPLF�HFRORJLFDO PRGHO'\UHVP�&DHG\P� ERWK F\DQREDFWHULD ZHUH VLPXODWHG� ZLWK FRQVWDQW
EXR\DQF\ IRU $SKDQL]RPHQRQ RYDOLVSRUXP� YHUWLFDO PLJUDWLRQ GHSHQGHQW RQ OLJKW DQG LQWHUQDO
QLWURJHQ IRU 0LFURF\VWLV DHUXJLQRVD DQG JURZWK OLPLWHG E\ OLJKW DQG WHPSHUDWXUH IRU ERWK VSHFLHV�
7KH PRGHO ZDV FDOLEUDWHG LQ VXPPHU DQG DXWXPQ ���� DQG YDOLGDWHG LQ VSULQJ DQG VXPPHU �����
,W VKRZHG D JRRG SHUIRUPDQFH IRU WKH ZDWHU OHYHO �506( � P� DQQXDO YDULDWLRQ RI �� P�� ZDWHU
WHPSHUDWXUH SURILOHV �506( � �&� UDQJH ����� �&� DQG F\DQREDFWHULD ELRPDVV �506( �� � /��
HTXLYDHQW FKORURSK\OO D� UDQJH ����� �J /��� 7KLV VKRZV WKDW VLPSOH PRGHO FRQILJXUDWLRQV FDQ EH
VXIILFLHQW ZKHQ IHZ PDMRU SURFHVVHV FDQ EH LGHQWLILHG� 7KLV DSSURDFK FRXOG EH WUDQVSRVHG RQ RWKHU
HXWURSKLF ODNHV DQG UHVHUYRLUV WR GHVFULEH WKH FRPSHWLWLRQ EHWZHHQ GRPLQDQW SK\WRSODQNWRQ
VSHFLHV� FRQWULEXWH WR HDUO\ ZDUQLQJ V\VWHPV RU EH XVHG WR SUHGLFW WKH LPSDFW RI FOLPDWH FKDQJH
DQG�PDQDJHPHQW�VFHQDULRV���

35(6(17$7,21�7<3(��25$/
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��WK�:RUOG�/DNH�&RQIHUHQFH�������6HSWHPEHU�������3HUXJLD��,WDO\



06������(XWWRSKLFDWLRQ�SUREOHPV

8QLYHUVLW\�RI�3XHUWR�5LFR��3XHUWR�5LFR
�
.(<:25'6��7523,&$/�5(6(592,56��1875,(17�&5,7(5,$��(87523+8&$7,21

6L[ UHVHUYRLUV RI 3XHUWR 5LFR RI YDU\LQJ WURSKLF VWDWXV ZHUH PRQLWRUHG GXULQJ D WKUHH \HDU SHULRG WR
HVWDEOLVK UHODWLRQVKLSV EHWZHHQ QXWULHQWV �1 DQG 3� DQG GLIIHUHQW HFRORJLFDO WKUHVKROGV RI
LPSDLUPHQW� 7KH REMHFWLYH ZDV WR GHYHORS QXPHULF QXWULHQW FULWHULD OLQNHG WR D ELRORJLFDO UHVSRQVH
YDULDEOH� 7KH FRQFHSWXDO EDVLV ZDV LQLWLDOO\ FRQVWUXFW RQ WKH 86(3$ WURSKLF VWDWXV DVVHVVPHQW
IUDPHZRUN WKDW XVHV �� ȝJ�/ IRU &KO D WR GHILQH WKH ERXQGDU\ EHWZHHQ HXWURSKLF ± K\SHUHXWURSKLF
FRQGLWLRQV� $ OHDVW VTXDUHV PHWKRG RI FKDQJH�SRLQW DQDO\VLV ZDV XVHG WR GHWHUPLQH WRWDO QLWURJHQ
DQG WRWDO SKRVSKRUXV FRQFHQWUDWLRQV DVVRFLDWHG ZLWK RXU LPSDLUPHQW WKUHVKROG �L�H�� �� �J�/ &KO�D��
5HVXOWV ZHUH� ����� PJ�/ IRU 73 DQG ���� PJ�/ IRU 71� +\SROLPQLRQ DQR[LD LV D QDWXUDOO\ RFFXUULQJ
SKHQRPHQRQ LQ WURSLFDO UHVHUYRLUV DQG FDQQRW EH XVHG WR HVWDEOLVK LPSDLUPHQW� +RZHYHU�
GLIIHUHQFHV LQ WKH GLVVROYHG R[\JHQ SURILOHV RI WKH GLIIHUHQW UHVHUYRLUV ZHUH XVHG WR VWUHQJWKHQ WKH
FULWHULD� 3ORWV RI WKH R[\FOLQH GHSWK YV� HLWKHU WRWDO SKRVSKRUXV RU FKORURSK\OO UHVXOWHG LQ WZR FOHDUO\
GLVWLQJXLVKDEOH SRSXODWLRQV WKDW FRXOG EH XVHG WR GHILQH LPSDLUPHQW� 2WKHU PHDQLQJIXO
UHODWLRQVKLSV ZHUH WKRVH EHWZHHQ 6HFFKL GHSWK DQG WRWDO SKRVSKRUXV RU FKORURSK\OO� DQG EHWZHHQ
WKH�DQR[LF��

35(6(17$7,21�7<3(��3267(5

���
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/DNH�%LZD�(QYLURQPHQWDO�5HVHDUFK�,QVWLWXWH��6KLJD�3UHIHFWXUDO�*RYHUQPHQW��-DSDQ

/DNH�%LZD�(QYLURQPHQWDO�5HVHDUFK�,QVWLWXWH��6KLJD�3UHIHFWXUDO�*RYHUQPHQW��-DSDQ

/DNH�%LZD�(QYLURQPHQWDO�5HVHDUFK�,QVWLWXWH��6KLJD�3UHIHFWXUDO�*RYHUQPHQW��-DSDQ

/DNH�%LZD�0XVHXP��6KLJD�3UHIHFWXUDO�*RYHUQPHQW��-DSDQ

%LZDNR�6HLNHL�6SRUW�&ROOHJH��-DSDQ
�
.(<:25'6��/$.(�%,:$��68%0(5*('�0$&523+<7(6��$'$37,9(�0$1$*(0(17�2)�(&26<67(06

/DNH %LZD� WKH ODUJHVW ODNH LQ -DSDQ� LV FODVVLILHG LQWR WZR EDVLQV� WKH ODUJH ���� NP�� DQG GHHS
�PHDQ �� P� QRUWK EDVLQ� DQG WKH VPDOO ��� NP�� DQG VKDOORZ �PHDQ � P� VRXWK EDVLQ� ,Q WKH VRXWK
EDVLQ� ELYDOYHV� HVSHFLDOO\ DQ HQGHPLF IUHVKZDWHU FODP� ZHUH DEXQGDQW EHIRUH WKH ����V� EXW WKH
FDWFK GHFUHDVHG UDSLGO\ LQ UHFHQW GHFDGHV� $ SRVVLEOH UHDVRQ LV GHWHULRUDWLRQ RI WKH ERWWRP KDELWDW
FDXVHG E\ DQ H[SORVLYH LQFUHDVH RI VXEPHUJHG PDFURSK\WHV DIWHU D VHYHUH GURXJKW LQ �����
%HFDXVH WKH RYHUJURZQ PDFURSK\WHV DOVR FDXVH QXLVDQFHV LQ QDYLJDWLRQ DQG ILVKHU\� 6KLJD
3UHIHFWXUDO *RYHUQPHQW KDV EHHQ KDUYHVWLQJ VXEPHUJHG PDFURSK\WHV DGDSWLYHO\ IROORZLQJ WKH
ORQJ�WHUP SODQ FDOOHG ³0RWKHU /DNH �� 3ODQ´ WR UHFRYHU WKH HFRV\VWHP DQG VROYH VXFK SUREOHPV�
7KH KDUYHVWHG PDFURSK\WHV DUH XVHG IRU FRPSRVW DV D VHULHV RI WKH VRFLDO ZRUNV�2XU UHFHQW
PRQLWRULQJ UHYHDOHG WKDW VXEPHUJHG PDFURSK\WHV ZHUH RYHUJURZQ LQ VXPPHU ����� EXW UDSLGO\
GHFUHDVHG LQ ���� GXH WR WXUELG ZDWHU PDLQO\ FDXVHG E\ PDVVLYH RFFXUUHQFH RI SK\WRSODQNWRQ�
$IWHU WKH VXVSHQVLRQ RI KDUYHVWLQJ LQ VXPPHU ����� PDFURSK\WHV LQFUHDVHG WR WKH DPRXQW RI ���
LQ VXPPHU ����� EXW WKH GRPLQDQW VSHFLHV FKDQJHG�7KH PRQLWRULQJ RI VXEPHUJHG PDFURSK\WHV
SURYLGHV IXQGDPHQWDO LQIRUPDWLRQ IRU WKH PDQDJHPHQW SODQ� EXW WKH PHWKRGV WR PDLQWDLQ PRGHUDWH
JURZWK DUH QRW HVWDEOLVKHG GXH WR VFLHQWLILF XQFHUWDLQWLHV LQ WKH SUHGLFWLRQ� +RZHYHU� LI KDUYHVWLQJ LV
QHHGHG� ZH IRXQG WKDW WKH PHDQ KHLJKW RI PDFURSK\WH FRPPXQLWLHV GHFUHDVHG LQ ZLQWHU E\ RQH�
WKLUG� DQG KDUYHVWLQJ HIIRUWV DUH QHHGHG LQ VXPPHU�7KH DPRXQWV RI VXEPHUJHG PDFURSK\WHV
VKRZHG D VLJQLILFDQW QHJDWLYH FRUUHODWLRQ ZLWK WKH GHQVLWLHV RI WRWDO EHQWKLF PDFURLQYHUWHEUDWHV LQ
VXPPHU� ZKLFK VXJJHVWV WKDW PDFURSK\WH KDUYHVWLQJ LV DQ HIIHFWLYH PHWKRG WR LPSURYH WKH ERWWRP
KDELWDW� +RZHYHU� DTXDWLF ROLJRFKDHWHV ZHUH GRPLQDQW DPRQJ WKH EHQWKLF PDFURLQYHUWHEUDWHV DQG
ELEDOYHV ZHUH UDUH� ZKLFK LPSOLHV WKDW WKH ERWWRP VXEVWUDWH VKRXOG DOVR EH LPSURYHG WR UHFRYHU WKH
HFRV\VWHP�DQG�SURGXFWLRQ�LQ�WKH�VRXWK�EDVLQ�

35(6(17$7,21�7<3(��25$/
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06������(XWWRSKLFDWLRQ�SUREOHPV

6KLJD�3UHIHFWXUH��-DSDQ�
�
.(<:25'6��/$.(�%,:$��),6+(5,(6�352'8&76��2/,*27523+,&$7,21

)URP DQFLHQW WLPHV� /DNH %LZD KDV EURXJKW ERXQWLIXO EOHVVLQJV WR WKH SHRSOH OLYLQJ DURXQG LW� 2QH
RI WKHP LV ILVKHULHV
 SURGXFWV� ,Q /DNH %LZD� WKH DPRXQW RI ILVK FDWFK KDG LQFUHDVHG IURP DERXW
����� WRQV LQ ���� WR RYHU ����� WRQV LQ ���� SHDNLQJ DW ����� WRQV LQ ����� \HW LW KDV GHFUHDVHG
WR ����� WRQV LQ ����� 7KH DPRXQW RI WRWDO SKRVSKRUXV �73� ORDG WR /DNH %LZD KDV GUDVWLFDOO\
GHFUHDVHG VLQFH ����� ��� WRQV�GD\ LQ ���� WR ��� WRQV�GD\ LQ ����� $ORQJ ZLWK WKH GHFUHDVH RI 73
ORDGLQJ� WKH QXPEHU RI UHJLRQV ZKHUH UHG WLGHV ZHUH IRXQG LQ /DNH %LZD KDV GHFUHDVHG IURP ��
UHJLRQV LQ ���� WR � UHJLRQV LQ ����� $OWKRXJK WKH UHGXFWLRQ PHDVXUH RI 73� ZKLFK LV HVVHQWLDO IRU
OLYLQJ WKLQJV� VXFFHVVIXOO\ UHVWULFWHG WKH RFFXUUHQFH RI UHG WLGHV� LW PLJKW KDYH GHFUHDVHG WKH
ELRPDVV RI ILVK� ,Q WKH 6HWR ,QODQG 6HD� D W\SLFDO HQFORVHG FRDVWDO VHD LQ -DSDQ� D VLPLODU VLWXDWLRQ
ZDV REVHUYHG DQG LW LV UHSRUWHG WKDW ³ROLJRWURSKLFDWLRQ´ LV WKH PDMRU FDXVH RI WKH GHFUHDVH LQ WKH
ILVK FDWFK� ,Q /DNH %LZD� LW LV FRQFHUQHG WKDW WKH HIIRUW RI UHGXFWLRQ PHDVXUH RI WRWDO QLWURJHQ �71�
DQG 73 ZLOO EH FRQWLQXHG� :H SURSRVH WKDW ZHDOWKLQHVV DQG KHDOWKLQHVV VKRXOG EH PHDVXUHG E\ DQ
LQGH[ WKDW UHIOHFWV WKH WRWDO HFRV\VWHP LQFOXGLQJ OLYLQJ WKLQJV QRW E\ WKH ZDWHU TXDOLW\ UHSUHVHQWHG
E\ WKH 71 DQG 73� ,W FDQ EH VDLG WKDW FRH[LVWHQFH RI KXPDQV DQG QDWXUH ZKHUH ZH FDQ DFFHVV
ILVKHU\ SURGXFWV PD\ LQGLFDWH ZHDOWK\ DQG KHDOWK\ FRQGLWLRQV� %DVHG RQ WKLV FRQFHSW ± HFRV\VWHP�
EDVHG PDQDJHPHQW �� WKH HQYLURQPHQWDO VWDQGDUGV IRU HQFORVHG FRDVWDO VHDV LQ -DSDQ ZHUH
SDUWLDOO\ UHYLVHG� :H PXVW GLVFXVV ZKDW WR GR LQ RUGHU WR PDNH VXUH WKDW /DNH %LZD FRQWLQXHV WR
EULQJ�ERXQWLIXO�EOHVVLQJV�WR�SHRSOH�

35(6(17$7,21�7<3(��25$/
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8QLYHUVLW\�RI�&DQWHUEXU\��1HZ�=HDODQG

8QLYHUVLW\�RI�&DQWHUEXU\��1HZ�=HDODQG

8QLYHUVLW\�RI�&DQWHUEXU\��1HZ�=HDODQG
�
.(<:25'6��&<$12%$&7(5,$��6$/,1,7<��0$&523+<7(6

7H 5RWR R :DLUHZD�/DNH )RUV\WK LV D VPDOO� VKDOORZ� FRDVWDO ODNH RQ WKH HDVW FRDVW RI WKH 6RXWK
,VODQG RI 1HZ =HDODQG� 7KH ODNH KDV QR QDWXUDO RXWOHW EXW LV LQWHUPLWWHQWO\ RSHQHG WR WKH VHD WR
FRQWURO IORRGLQJ� %ORRPV RI QLWURJHQ�IL[LQJ F\DQREDFWHULD RFFXU UHJXODUO\ LQ VXPPHU� DQG LW LV
VXVSHFWHG WKDW GLVVROYHG SKRVSKRURXV �3� DYDLODELOLW\ PD\ EH D NH\ IDFWRU LQ EORRP GHYHORSPHQW�
([WHUQDO ORDGV RI 3� GHOLYHUHG PDLQO\ LQ SDUWLFXODWH IRUP GXULQJ IORRG HYHQWV LQ WKH ODNH FDWFKPHQW�
FDQQRW H[SODLQ WKH REVHUYHG VKRUW�WHUP IOXFWXDWLRQV LQ GLVVROYHG 3 FRQFHQWUDWLRQV LQ WKH ODNH�
+RZHYHU� WKH UHOHDVH RI 3 VHTXHVWHUHG LQ ODNH VHGLPHQWV PD\ ERWK H[SODLQ WKHVH IOXFWXDWLRQV DQG�
XQGHU WKH ULJKW FRQGLWLRQV� WULJJHU DQG VXVWDLQ UDSLG LQFUHDVHV LQ SULPDU\ SURGXFWLYLW\ OHDGLQJ WR
EORRP IRUPDWLRQ� $Q XQGHUVWDQGLQJ RI WKH PHFKDQLVPV WKDW UHOHDVH GLVVROYHG 3 LQWR WKH ZDWHU
FROXPQ� DQG WKH IDFWRUV WKDW IDYRXU VXFK PHFKDQLVPV� LV WKHUHIRUH FULWLFDO WR WKH IRUPXODWLRQ RI
JRRG PDQDJHPHQW UHVSRQVHV WR HXWURSKLFDWLRQ RI WKLV ODNH� 6HTXHQWLDO H[WUDFWLRQ RI ODNH
VHGLPHQWV� LQGLFDWHV WKDW WKHUH LV D ODUJH UHVHUYRLU RI H[FKDQJHDEOH DQG R[LGH�DGVRUEHG 3
DYDLODEOH IRU UHOHDVH LQWR WKH ZDWHU FROXPQ� 7KH DQDO\VLV RI VHGLPHQW SRUHZDWHU� FRQILUPV WKH
PRELOLW\ RI 3 LQ WKH XSSHU VHGLPHQW SURILOH� 5HOHDVH H[SHULPHQWV� FRPELQHG ZLWK LQ�ODNH PRQLWRULQJ
GDWD� KDYH TXDQWLILHG WKH HIIHFW RI VDOLQLW\ FKDQJHV DVVRFLDWHG ZLWK ODNH RSHQLQJV� KLJK S+
DVVRFLDWHG ZLWK LQFUHDVLQJ SKRWRV\QWKHVLV� DQG ORZ GLVVROYHG R[\JHQ DVVRFLDWHG ZLWK FKDQJHV LQ
PDFURSK\WH GHQVLW\� RQ VHGLPHQWDU\ 3 UHOHDVH� $ FRPELQDWLRQ RI WKHVH IDFWRUV PD\ EH LPSRUWDQW LQ
WULJJHULQJ�DQG�SHUSHWXDWLQJ�EORRP�IRUPDWLRQ
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,QWHUQDWLRQDO�(QYLURQPHQWDO�0DQDJHPHQW�6HUYLFHV�/WG

8QLYHUVLW\�RI�.ZD=XOX�1DWDO��6RXWK�$IULFD

,QWHUQDWLRQDO�(QYLURQPHQWDO�0DQDJHPHQW�6HUYLFHV�/WG
�
.(<:25'6��:,&.('�352%/(06��(87523+,&$7,21��6287+�$)5,&$��+$57%((632257�'$0��5(6(592,5�0$1$*(0(17

6RXWK $IULFD¶V +DUWEHHVSRRUW 'DP� D UHVHUYRLU ORFDWHG QRUWK RI WKH HFRQRPLF FHQWUH RI
-RKDQQHVEXUJ� ZDV D IRFXV RI FRQFHQWUDWHG OLPQRORJLFDO VFLHQFH GXULQJ WKH ����V DQG ��V�
%HWZHHQ WKHQ DQG QRZ LW KDV SURJUHVVHG IURP EHLQJ D QRWDEOH DQG IDPRXV ORFXV IRU ERWK
HXWURSKLFDWLRQ DQG F\DQREDFWHULDO UHVHDUFK� WR EHFRPLQJ QRWRULRXV IRU LJQRULQJ UHVHUYRLU
PDQDJHPHQW EHVW SUDFWLFH DQG IDOOLQJ SUH\ WR VFLHQWLILFDOO\ LQYDOLG VROXWLRQV� DV ZHOO DV µKREE\LVW¶
DSSURDFKHV WR PDQDJHPHQW� DOO WKH ZKLOH DOORZLQJ FRQGLWLRQV LQ WKH LPSRXQGPHQW WR ZRUVHQ� 7KH
UHVHUYRLU UHFHLYHV WKH EXON RI LWV QXWULHQW ORDGLQJ DV ZDVWHZDWHU HIIOXHQWV IURP� LQWHU DOLD� WKH FLW\ RI
-RKDQQHVEXUJ� DORQJ ZLWK SROOXWHG XUEDQ UXQRII DQG RWKHU FRQWULEXWLRQV� 6XFK LQSXWV FRQWLQXH WR
LQFUHDVH DQG� GHVSLWH UHODWLYHO\ KLJK OHYHOV RI QXWULHQW UHPRYDO DW WKH ODUJHVW VHZDJH WUHDWPHQW
ZRUNV� YDVWO\ H[FHHG WKH UHVHUYRLU¶V DVVLPLODWLYH FDSDFLW\� 7KLV REYLRXV ORFXV RI PDQDJHPHQW
DWWHQWLRQ QRWZLWKVWDQGLQJ� HIIRUWV WR LPSURYH ZDWHU TXDOLW\ KDYH UHFHQWO\ IRFXVHG RQ µLQ�ODNH¶
VROXWLRQV � LQFOXGLQJ WRS�GRZQ ELRPDQLSXODWLRQ � GHVSLWH VFLHQWLILF HYLGHQFH GLVSURYLQJ LWV YDOLGLW\ IRU
6RXWK $IULFDQ UHVHUYRLUV� 6XEVWDQWLDWHG FULWLFLVP RI WKHVH UHPHGLDWLRQ HIIRUWV KDV DFKLHYHG OLWWOH�
DSDUW IURP DWWHPSWV WR GLVFUHGLW WKH VRXUFH RI WKH FULWLTXH� VROLFLW ³VZHHWKHDUW SHHU UHYLHZ´ DQG
PDNH XQVXEVWDQWLDWHG FODLPV RI µLQWHUQDWLRQDOO\ UHFRJQL]HG¶ VXFFHVV� 7KH QHWW RXWFRPH LV WKDW OLWWOH�
LI DQ\WKLQJ� KDV EHHQ DFKLHYHG� 'HVSLWH VHYHUDO \HDUV RI DWWHQWLYH IRFXV�SXEOLFLW\ DQG PDMRU
ILQDQFLDO H[SHQGLWXUH� QRW D VLQJOH VFLHQWLILF SDSHU KDV HPHUJHG� GHVSLWH WKH DFKLHYHPHQWV
FODLPHG� ([FHVVLYH ILQDQFLDO H[SHQGLWXUH DQG WKH ODFN RI SURJUHVV WR�GDWH KDYH VHULRXVO\
FRPSURPLVHG WKH DOORFDWLRQ RI IXQGV IRU UHOHYDQW UHVHUYRLU PDQDJHPHQW LQWHUYHQWLRQV� 7KLV
SUHVHQWDWLRQ DQDO\VHV +DUWEHHVSRRUW 'DP DV D FDVH VWXG\ RI HXWURSKLFDWLRQ DV D µ:LFNHG
3UREOHP¶� KLJKOLJKWLQJ ZKHUH WKLV SKHQRPHQRQ KDV� DQG FRQWLQXHV WR� FRQIRXQG DWWHPSWV DW
VXFFHVVIXO�DPHOLRUDWLRQ�
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8QLYHUVLW\�RI�3DUPD��'HSDUWPHQW�RI�/LIH�6FLHQFHV��,WDO\

8QLYHUVLW\�RI�3DUPD��'HSDUWPHQW�RI�/LIH�6FLHQFHV��,WDO\

8QLYHUVLW\�RI�3DUPD��'HSDUWPHQW�RI�/LIH�6FLHQFHV��,WDO\

8QLYHUVLW\�RI�)HUUDUD��'HSDUWPHQW�RI�/LIH�6FLHQFHV�DQG�%LRWHFKQRORJ\��,WDO\�

8QLYHUVLW\�RI�3DUPD��'HSDUWPHQW�RI�/LIH�6FLHQFHV��,WDO\

8QLYHUVLW\�RI�3DUPD��'HSDUWPHQW�RI�/LIH�6FLHQFHV��,WDO\
�
.(<:25'6��0(520,&7,&�/$.(6��1,752*(1�&<&/(��'(1,75,),&$7,21

,QSXWV RI DQWKURSRJHQLF UHDFWLYH QLWURJHQ �1U� WR ZDWHUVKHGV LQ H[FHVV RI WKHLU SURFHVVLQJ DQG
VWRUDJH FDSDFLW\� UHVXOWV LQ 1U H[SRUW FDXVLQJ D FDVFDGH RI GHWULPHQWDO HIIHFWV LQ UHFHLYLQJ DTXDWLF
HFRV\VWHPV� 0DVV EDODQFH VWXGLHV KDYH GHPRQVWUDWHG WKDW ODNHV DQG UHVHUYRLUV DUH ODQGVFDSH
FRPSRQHQWV WKDW ERWK SURFHVV DQG VHTXHVWHU 1U LQ WKH WHUUHVWULDO WR PDULQH DTXDWLF FRQWLQXXP�
+RZHYHU� OLWWOH LV NQRZQ DERXW WKH UHODWLYH LPSRUWDQFH RI GLIIHUHQW 1U UHWHQWLRQ�HOLPLQDWLRQ
PHFKDQLVPV RU IDFWRUV WKDW UHJXODWH WKHVH PHFKDQLVPV� SDUWLFXODUO\ LQ GHHS PHURPLFWLF ODNHV�
3URORQJHG VWUDWLILFDWLRQ� SHUVLVWHQW DQR[LD DQG WKH HVWDEOLVKPHQW RI UHGXFLQJ FRQGLWLRQV PD\
SURIRXQGO\ LQIOXHQFH WKH IDWH RI 1U ORDGV LQ WKHVH ODNHV� ,Q WKLV VWXG\� ZH DQDO\VHG WKH VSDWLDO DQG
WHPSRUDO YDULDELOLW\ RI PLFURELDO 1�WUDQVIRUPDWLRQV LQ D VXE�DOSLQH PHURPLFWLF ODNH �/DNH ,GUR� ,WDO\��
LQ RUGHU WR HOXFLGDWH WKH UROH RI GHQLWULILFDWLRQ DV D 1�VLQN IRU QHW DQWKURSRJHQLF QLWURJHQ LQSXWV
�1$1,� WR WKH ZDWHUVKHG� /DNH ,GUR LV KLJKO\ SURGXFWLYH ODNH WKDW XQGHUJRHV VWDEOH� DQG SHUVLVWHQW
WKHUPDO DQG FKHPLFDO VWUDWLILFDWLRQ� UHVXOWLQJ LQ WKH DFFXPXODWLRQ RI UHGXFLQJ FRPSRXQGV DQG
GLVVROYHG QXWULHQWV LQ WKH PRQLPROLPQLRQ �a��� RI ODNH YROXPH�� 'HQLWULILFDWLRQ GRPLQDWHG
PLFURELDO 1�WUDQVIRUPDWLRQV LQ WKH R[LF WR DQR[LF WUDQVLWLRQ ]RQHV RI WKH HSLOLPQLRQ� ,Q FRQWUDVW� WKH
PRQLPROLPQLRQ ZDV D VRXUFH RI UHJHQHUDWHG DPPRQLXP DQG KDG D ORZ FDSDFLW\ WR EXIIHU WKH
LQFRPLQJ QLWURJHQ ORDG� 1$1, ZDV UHODWLYHO\ ORZ� DQG GRPLQDWHG E\ DWPRVSKHULF GHSRVLWLRQ DQG
IHHG DQG IRRG 1�LPSRUWV� 2YHUDOO� WKH ZDWHUVKHG KDG D UHODWLYHO\ ORZ FDSDFLW\ WR UHWDLQ�HOLPLQDWH 1U
LQSXWV�DQG�DQQXDO�1U�H[SRUW�DFFRXQWHG�IRU�FORVH�WR�����RI�WKH�1$1,�
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'HSDUWPHQW�RI�%LRORJLFDO�(QYLURQPHQW��)DFXOW\�RI�%LRUHVRXUFH�6FLHQFH��$NLWD�3UHIHFWXUDO�8QLYHUVLW\��-DSDQ

'HSDUWPHQW�RI�%LRORJLFDO�(QYLURQPHQW��)DFXOW\�RI�%LRUHVRXUFH�6FLHQFH��$NLWD�3UHIHFWXUDO�8QLYHUVLW\��-DSDQ

'HSDUWPHQW�RI�%LRORJLFDO�(QYLURQPHQW��)DFXOW\�RI�%LRUHVRXUFH�6FLHQFH��$NLWD�3UHIHFWXUDO�8QLYHUVLW\��-DSDQ

'HSDUWPHQW�RI�%LRORJLFDO�(QYLURQPHQW��)DFXOW\�RI�%LRUHVRXUFH�6FLHQFH��$NLWD�3UHIHFWXUDO�8QLYHUVLW\��-DSDQ

'HSDUWPHQW�RI�%LRORJLFDO�(QYLURQPHQW��)DFXOW\�RI�%LRUHVRXUFH�6FLHQFH��$NLWD�3UHIHFWXUDO�8QLYHUVLW\��-DSDQ

'HSDUWPHQW�RI�%LRORJLFDO�(QYLURQPHQW��)DFXOW\�RI�%LRUHVRXUFH�6FLHQFH��$NLWD�3UHIHFWXUDO�8QLYHUVLW\��-DSDQ
�
.(<:25'6��+,*+�',662/9('�2;<*(1�:$7(5��3+263+2586�5(/($6(��%/8(�*5((1�$/*$(

+\SR[LF ERWWRP ZDWHU LQ ODNHV DQG ULYHUV SRVHV D SKRVSKRUXV UHOHDVH IURP VHGLPHQWV� ZKLFK FDQ
FDXVH DTXDWLF�HFRV\VWHP GHJUDGDWLRQ VXFK DV DOJDO EORRP� 7R VXSSO\ KLJK�GLVVROYHG�R[\JHQ ZDWHU
LQWR D ERWWRP OD\HU PD\ LPSURYH VXFK GHJUDGHG FRQGLWLRQV� /DNH +DFKLUR� $NLWD SUHIHFWXUH� -DSDQ
LV D VKDOORZ HXWURSKLF ODNH DQG LWV ZDWHU TXDOLW\ LPSURYHPHQW LV XUJHQW LVVXH� 7KH REMHFWLYHV RI WKLV
VWXG\ ZDV WR HYDOXDWH WKH HIIHFW RI D VXSSO\ RI KLJK�GLVVROYHG�R[\JHQ ZDWHU RQ WKH TXDOLWLHV RI ULYHU
ZDWHU DQG ULYHUEHG VHGLPHQWV DW WKH ULYHU PRXWK RI /DNH +DFKLUR� 5LYHU ZDWHU ZDV VDPSOHG IURP
WKH VXUIDFH DQG ERWWRP ERWK DW WKH ULYHU PRXWKV RI WKH H[SHULPHQWDO ULYHU LQ ZKLFK WKH KLJK�
GLVVROYHG�R[\JHQ ZDWHU VXSSO\ V\VWHP ZDV LQVWDOOHG DQG WKH FRQWURO ULYHU WKDW KDV VLPLODU ZDWHU
TXDOLW\ DV WKH H[SHULPHQWDO RQH� 5LYHUEHG VHGLPHQWV ZHUH FROOHFWHG DQG WKH VHGLPHQW LQFXEDWLRQ
ZDV FRQGXFWHG WR HYDOXDWH WKH HIIHFW RI WHPSHUDWXUH DQG R[LF RU K\SR[LF FRQGLWLRQV RQ QXWULHQWV
G\QDPLFV LQ WKH ZDWHU� 7KH VXSSO\ RI KLJK�GLVVROYHG�R[\JHQ ZDWHU LQFUHDVHG '2 LQ WKH ERWWRP
ZDWHU LQ WKH H[SHULPHQWDO ULYHU� ZKLOH LQ WKH FRQWURO ULYHU� '2 FRQFHQWUDWLRQ LQ WKH ERWWRP ZDWHU
GHFUHDVHG ZKLOH WKDW LQ VXUIDFH ZDWHU EHFDPH VXSHUVDWXUDWHG E\ DOJDO SKRWRV\QWKHVLV� ,Q ERWK RI
WKH LQFXEDWLRQ DQG WKH ILHOG H[SHULPHQWV� KLJK FRQFHQWUDWLRQV RI 32� DQG )H ZHUH REVHUYHG LQ D
K\SR[LF ZLWK RYHU ���& FRQGLWLRQ� 7KLV VWXG\ VXJJHVWHG WKDW WKH VXSSO\ RI KLJK�GLVVROYHG�R[\JHQ
ZDWHU LPSURYHG K\SR[LF HQYLURQPHQW LQ WKH ERWWRP ZDWHU DQG FRQWUROOHG DQ LURQ�UHODWHG SKRVSKDWH
UHOHDVH IURP WKH ULYHUEHG VHGLPHQWV� ZKLFK ZRXOG EH H[SHFWHG WR GHFUHDVH D EORRP RI EOXH�JUHHQ
DOJDH�
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8QLYHUVLW\�RI�WKH�3XQMDE��/DKRUH��3DNLVWDQ�

8QLYHUVLW\�RI�WKH�3XQMDE��&(0%��/DKRUH��3DNLVWDQ

&HQWHU�IRU�,QWHJUDWHG�0RXQWDLQ�5HVHDUFK��&,05���8QLYHUVLW\�RI�WKH�3XQMDE��/DKRUH��3DNLVWDQ

3DNLVWDQ�&RXQFLO�RI�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK��3&6,5���/DKRUH��3XQMDE�3DNLVWDQ
�
.(<:25'6��(87523+,&$7,21��63$7,2�7(0325$/�$1$/<6,6���:$7(5�&217$0,1$7,21���'(*5$'$7,21�2)�/$.(�.$/$5
.$+$5

/DNH .DOODU .DKDU ZLWK DQ DOWLWXGH RI DERXW ���� DERYH PVO LV ORFDWHG LQ WKH VRXWKHUQ KLOO\ DUHD RI
3RWRKDU 3ODWHDX LQ WKH 6DOW 5DQJH� ,W LV D VKDOORZ ODNH� WKXV QDWXUDO YHJHWDWLRQ FDQ EH VHHQ LQ WKH
PLGGOH DV ZHOO DV DOO DURXQG WKH ODNH� %HFDXVH RI WKH DERGH RI D QXPEHU RI PLJUDWRU\ ELUGV� ILVKLQJ
DQG ERDWLQJ DFWLYLW\ ODNH KDV EHFRPH D SURPLQHQW WRXULVW VSRW DQG D GLVWLQFWLYH ZHWODQG� 7KRXJK�
ODNH LV IDFLQJ HQYLURQPHQWDO GHJUDGDWLRQ GXH WR WKH ULVH RI DJULFXOWXUDO SUDFWLFHV WR VXSSO\ IRRG IRU
UDSLGO\ JURZLQJ SRSXODWLRQ� XQ SODQQHG WRXULVP DQG KXQWLQJ SUDFWLFHV DUH VRPH RI WKH SUREDEOH
SUHVVXUHV WRZDUGV FRQVHUYDWLRQ� ,GHQWLILFDWLRQ RI GULYHUV OLDEOH IRU GHWHULRUDWLRQ LQ ZDWHU TXDOLW\�
ELRGLYHUVLW\ DQG LQFUHDVHG DQWKURSRJHQLF SUHVVXUHV LQ ODNH FRQVHUYDWLRQ SHUVSHFWLYH LV KLJKOLJKWHG�
9DULRXV ZDWHU VDPSOHV ZHUH JDWKHUHG IURP WKH ODNH DQG UHFKDUJLQJ VSULQJV IURP $SULO ���� WR -XO\
��,� DQG H[DPLQHG DFFRUGLQJ WR WKH :RUOG +HDOWK 2UJDQL]DWLRQ JXLGHOLQHV� 6WXG\ LV IRFXVHG RQ WKH
VSDWLRWHPSRUDO G\QDPLFV RI HXWURSKLFDWLRQ RI WKH ODNH ZDWHU TXDOLW\� ELRGLYHUVLW\ DV ZHOO DV WKH
SRWHQWLDO VRXUFHV RI WKH GLYHUVH WXUELGLW\ LQ /DNH .DOODU .DKDU� 7KH HXWURSKLFDWLRQ RI WKH ODNH LV
UHDOL]HG WR EH KLJKHU WKDQ VWDWHG LQ SULRU VWXGLHV� VLJQLI\LQJ DQ LQFUHDVLQJ GHWHULRUDWLRQ RI TXDOLW\ RI
WKH ODNH ZDWHU ERWK SK\VLFDO DQG ELRORJLFDO EHFDXVH RI WKH LQFRPLQJ XQWUHDWHG VHZDJH ZDWHU DQG
IURP WKH IRRG FRXUW VLWXDWHG LQ WKH VRXWK DQG VXUIDFH ZDWHU UXQRII SURGXFHG IURP LQKDELWHG DUHD LQ
WKH QRUWK DQG ZHVWHUQ SHULSKHU\ RI WKH ODNH� &XPXODWLYH WHQGHQF\ RI WKH FRQWDPLQDWLRQ� WKH
FKHPLFDO TXDOLW\ RI WKH ODNH ZDWHU LV TXLWH DODUPLQJ� LW GLIIHUV VLJQLILFDQWO\ RYHU WKH \HDUV� /LNHZLVH�
WKH WXUELGLW\ LV VXEMXJDWHG E\ VXVSHQGHG VHGLPHQW DQG GLVVROYHG FRORXUHG PDWHULDO LQ WKH QRUWKHUQ
SDUW RI WKH ODNH� 3ROOXWLRQ LQ WKH ODNH ZDWHU LV D ELJ PHQDFH IRU WKH PLJUDWRU\ ELUGV DQG UHGXFHG
VWRUDJH FDSDFLW\ GXH WR VHGLPHQWDWLRQ� 7KH RXWFRPHV ZLOO SURYLGH JRRG EDVLV IRU IXUWKHU
LQYHVWLJDWLRQ RI WKH FXUUHQW ORDGLQJ PDJQLWXGH RI ERWK QXWULHQWV DQG VHGLPHQWV� LQ RUGHU WR IDFLOLWDWH
VXVWDLQDEOH�PDQDJHPHQW�WR�HQVXUH�FRPPXQLW\�LQWHJULW\�DQG�IXQFWLRQV�RI�WKH�ODNH�HFRV\VWHP�
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+HPFKDGUDFKDU\D�1RUWK�*XMDUDW�8QLYHUVLW\��3DWDQ��*XMDUDW��,QGLD
�
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0DFURSK\WHV DUH SODQWV ZKRVH VHHGV JHUPLQDWH LQ HLWKHU WKH ZDWHU SKDVH RU WKH VXEVWUDWH RI D
ERG\ RI ZDWHU ZKLFK PXVW VSHQG SDUW RI WKHLU OLIH F\FOH LQ ZDWHU� 7KLV LV D YHU\ EURDG WHUP WR LQFOXGH
WKH VXEPHUJHG� HPHUJHQW� IUHH IORDWLQJ DQG IUHH IORDWLQJ OHDYHG K\GURSK\WHV DQG VHPL�DTXDWLF
SODQWV� 7KH\ SOD\ UROH DV SK\VLFDO ILOWHUV� QXWULHQW VLQNV DQG VWDELOL]LQJ DJHQWV� 7KH\ SURYLGH
YDOXDEOH KDELWDW IRU DTXDWLF IDXQD� ZKLFK LQFOXGH SURYLVLRQV RI VKHOWHU� HJJ OD\LQJ VLWHV� IRRG VRXUFH
IRU KHUELYRUHV HWF� 7KH\ SOD\ DQ LPSRUWDQW UROH LQ PDLQWDLQLQJ WKH ULYHULQH HFRV\VWHP� 7KXV
XQGHUVWDQGLQJ DERXW WKH RFFXUUHQFH DQG DEXQGDQFH RI DTXDWLF DQG VHPL�DTXDWLF PDFURSK\WHV LQ
ULYHULQH YHJHWDWLRQ� ZKLFK ZRXOG KHOS WR JDLQ PRUH NQRZOHGJH RQ WURSLFDO DTXDWLF V\VWHP� $SSO\LQJ
WKLV FRQFHSW RI PDFURSK\WHV DV PDQ\ DV �� VSHFLHV RI PDFURSK\WHV FRXOG EH LGHQWLILHG IURP %DQDV
ULYHU FRUULGRU� 2I WKH �� VSHFLHV� � VSHFLHV ZHUH SWHULGRSK\WHV� RQH VSHFLHV RI DOJDH DQG WKH
UHPDLQLQJ �� VSHFLHV ZHUH DQJLRVSHUPV� &\SHUDFHDH LV WKH PRVW GRPLQDQW IDPLO\ IROORZHG E\
$VWHUDFHDH DQG 3RO\JRQDFHDH� )RXU VDPSOLQJ VLWHV YL]� �L� %DODUDP WHPSOH VLWH �LL� 'KDUPDWD
WHPSOH VLWH �LLL� VLWH EHKLQG WKH %DODUDP SDODFH DQG �LY� +DWKLGUD YLOODJH VLWH ZHUH VHOHFWHG IRU WKH
VWXG\ RI HFRORJLFDO LQYHVWLJDWLRQ� :DWHU DQG VRLO VDPSOHV DW PRQWKO\ LQWHUYDO FROOHFWHG IURP HDFK
VLWH DQG DQDO\VHG IRU WHPSHUDWXUH� S+� WRWDO VROLGV� GLVVROYHG R[\JHQ� &KORULGH DQG HOHPHQWDO
FRPSRVLWLRQ VXFK DV 1� 3 DQG .� )URP DPRQJVW WKH VWXGLHG VLWHV 'KDUPDWD WHPSOH DQG +DWKLGUD
YLOODJH VLWHV ZHUH IRXQG WR EH PRUH SROOXWHG WKDQ WKH RWKHUV� %DODUDP WHPSOH VLWH ZDV WUHDWHG DV
UHIHUHQFH VLWH ZKLOH VLWH EHKLQG WKH %DODUDP SDODFH ZDV FRQIOXHQFH RI %DQDV ULYHU DQG WKH SROOXWHG
VLWHV ZHUH KDYLQJ PRUH DFFXPXODWLRQ RI QXWULHQWV �1 DQG 3�� 3K\WRSODQNWRQ SRSXODWLRQ ZHUH
PD[LPXP DW WKH XQSROOXWHG VLWH ZKLOH WKH PDFURSK\WLF YHJHWDWLRQ ZHUH DEXQGDQWO\ IRXQG DW WKH
SROOXWHG�VLWH�
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,QWHUQDWLRQDO�(QYLURQPHQWDO�0DQDJHPHQW�6HUYLFHV�/WG

6RXWKHDVWHUQ�)R[�5LYHU�3DUWQHUVKLS��86$

,QWHUQDWLRQDO�/DNH�(QYLURQPHQW�&RPPLWWHH�)RXQGDWLRQ
�
.(<:25'6��(87523+,&$7,21��1875,(17�(15,&+0(17��:$7(5�48$/,7<

7KLV SUHVHQWDWLRQ SUHVHQWV WKH PDQ\ DVSHFWV RI QXWULHQW HQULFKPHQW RI ODNHV DQG UHVHUYRLUV� ,Q
SDUWLFXODU� WKH SUHVHQWDWLRQ H[DPLQHV WKH TXHVWLRQ RI ZKHWKHU QXWULHQW HQULFKPHQW LV D SUREOHP�
ZKHWKHU LW FDQ EH �VROYHG�� DQG ZKHWKHU LW LV D FRQFHUQ WKDW KXPDQ FRPPXQLWLHV QHHG WR EH
FRQFHUQHG DERXW� 8VLQJ FDVH VWXGLHV IURP DURXQG WKH ZRUOG� WKH SDSHU H[DPLQHV WKH
FKDUDFWHULVWLFV RI D �ZLFNHG� SUREOHP� RU D SUREOHP ZKHUHLQ WKH VROXWLRQ RI RQH V\PSWRP OHDGV WR
WKH UHYHODWLRQ RI DQRWKHU V\PSWRP� 7KLV SUHVHQWDWLRQ LQWURGXFHV WKH FRQFHSW RI WKH �ZLFNHG�
SUREOHP DG VKRZV WKH FRQQHFWLRQ EHWZHHQ VXFK SUREOHPV DQG WKH SUREOHP RI QXWULHQW HQULFKPHQW�
7KURXJK WKLV LQWURGXFWRU\ SDSHU� WKH VXEVHTXHQW FRQWULEXWLRQV WR WKLV VHVVLRQ ZLOO EH SODFHG LQ
FRQWH[W� DQG WKH VFHQH ZLOO EH VHW IRU DQ RSHQ GLVFXVVLRQ ZKLFK ZLOO FRQFOXGH WKLV VSHFLDO VHVVLRQ� ,W
ZDV QRW ORQJ DJR WKDW HXWURSKLFDWLRQ ZDV GHFODUHG WR EH �\HVWHUGD\
V QHZV�� �VROYHG�� D �QRQ�
SUREOHP�� +RZHYHU� DV WKH ZRUOG IDFHV DQ HYHU FKDQJLQJ FOLPDWH DQG DV �QHZ� HOHPHQWV RI WKH
FRQVHTXHQFHV RI WKH SUHVHQFH RI H[FHVVLYH QXWULHQWV LQ ODNHV DQG UHVHUYRLUV PDQLIHVW WKHPVHOYHV�
WKLV SDSHU VXJJHVWV WKDW WKH SUREOHP RI HXWURSKLFDWLRQ� IDU IURP EHLQJ UHVROYHG� UHPDLQV D PDMRU
WKUHDW�WR�WKH�LQWHJULW\�RI�WKH�ZRUOG
V�IHVKZDWHU�HFRV\VWHP�
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,QVWLWXWH�RI�/LPQRORJ\��5XVVLDQ�$FDGHP\�RI�6FLHQFHV��5$6���5XVVLD�

,QVWLWXWH�RI�/LPQRORJ\��5XVVLDQ�$FDGHP\�RI�6FLHQFHV��5$6���5XVVLD�
�
.(<:25'6��(87523+,&$7,21��:$7(5�48$/,7<��/$.(6�:$7(5

$W SUHVHQW WKH PDMRULW\ RI WKH ZRUOG¶V ODNHV DUH DIIHFWHG E\ DQWKURSRJHQLF HXWURSKLFDWLRQ� 8QGHU
QDWXUDO FRQGLWLRQV DERXW ��� RI ZDWHUV FRQWDLQHG LQ �� RI WKH �� ZRUOG¶V ODUJHVW IUHVKZDWHU ODNHV
�ZLWK DUHD !���� NP�� ZHUH ROLJRWURSKLF� 'XH WR KXPDQ LPSDFW� E\ WKH EHJLQQLQJ RI WKH ��VW
FHQWXU\� RQO\ �� ODNHV UHWDLQHG WKHLU ROLJRWURSKLF VWDWXV WKURXJKRXW WKHLU ZDWHU DUHD DQG �� PRUH
ODNHV UHWDLQHG LW LQ WKH GHHS ZDWHU ]RQH� 7KH SURSRUWLRQ RI KLJK WURSKLF IUHVK ZDWHUV LQ WKH ODUJHVW
ODNHV UHDFKHG ����� '\QDPLFV RI FKDQJHV LQ WKH WURSKLF OHYHO RI ODUJHVW ODNHV IRU ��������� LV
FRQWDLQHG LQ WKH UHSRUW� 7KH PRVW UDSLG DQWKURSRJHQLF HXWURSKLFDWLRQ SURFHVVHV KDYH WDNHQ SODFH
LQ VKDOORZ ZDWHU ERGLHV LQ ERWK WKH WURSLFDO DQG WHPSHUDWH ODWLWXGLQDO ]RQHV� ,Q WURSLFDO ODNHV WKH\
DUH LQWHQVLILHG E\ FRQVLVWHQWO\ KLJK WHPSHUDWXUHV� ZKLFK DFFHOHUDWH ELRORJLFDO SURFHVVHV�
(XWURSKLFDWLRQ SURFHVVHV LQ GHHS ODNHV FRQWDLQLQJ KXJH PDVVHV RI ZDWHU DUH PRVWO\ ORFDO DQG
DIIHFW WKH VKDOORZ ]RQH� 6LQFH WKH EXON RI IUHVK ZDWHU LV FRQFHQWUDWHG LQ WKH GHHSHVW ODNHV �DERXW
��� RI DOO IUHVK ODNH ZDWHU LV FRQFHQWUDWHG LQ WKH �� ODUJHVW ODNHV�� WKH WRWDO DPRXQW RI ROLJRWURSKLF
ZDWHUV UHPDLQV KLJK� )RU �� \HDUV WKH YROXPH RI ROLJRWURSKLF ZDWHUV LQ WKH ODUJHVW ODNHV GHFUHDVHG
E\ ����� ,W KDV LQFUHDVHG RYHU WKH SDVW GHFDGH LQ FRPSDULVRQ ZLWK WKH ����V±����V GXH WR WKH
LPSURYHPHQW RI WKH VWDWH RI WKH $PHULFDQ *UHDW /DNHV DQG WKH ODUJHVW ODNHV LQ 6ZHGHQ� 7KH
ODUJHVW ODNHV DUH WKH PRVW LPSRUWDQW UHVHUYH RI VXUIDFH IUHVK ZDWHUV� VLQFH WKHLU UHVLVWDQFH WR
SROOXWLRQ LV PXFK KLJKHU WKDQ WKDW RI VPDOO RQHV� ,W
V QHFHVVDU\ WKH SDUWLFXODU DWWHQWLRQ WR WKH
PDLQWHQDQFH�RI�WKHLU�HFRORJLFDO�VWDWXV�

35(6(17$7,21�7<3(��25$/

���

��WK�:RUOG�/DNH�&RQIHUHQFH�������6HSWHPEHU�������3HUXJLD��,WDO\



06������(XWWRSKLFDWLRQ�SUREOHPV

6FKRRO�RI�/LIH�6FLHQFHV��8QLYHUVLW\�RI�.ZD=XOX�1DWDO��6RXWK�$IULFD
�
.(<:25'6��%,20$1,38/$7,21��:$50�:$7(5�5(6(592,56��)22':(%�6758&785(

:LWK LQFUHDVLQJ XUEDQL]DWLRQ DQG GHYHORSPHQW JURVVO\ RYHUORDGLQJ VWUXFWXUDOO\ FROODSVLQJ
ZDVWHZDWHU WUHDWPHQW IDFLOLWLHV� HXWURSKLFDWLRQ LV DQ XQFRQWUROODEO\ HVFDODWLQJ SUREOHP LQ ULYHU
UHVHUYRLUV� D SULPDU\ SRWDEOH ZDWHU VRXUFH IRU 6RXWK $IULFD� :LWK µSUHYHQWLRQ¶ RI WKLV SUREOHP
EHFRPLQJ LQFUHDVLQJO\ LQWUDFWDEOH� LQWHUHVW LQ µFXUDWLYH¶ LQ�ODNH RSWLRQV ± QRWDEO\ ELRPDQLSXODWLRQ ±
JURZV� 'UDZLQJ RQ H[SHULHQFH LQ QRUWK WHPSHUDWH QDWXUDO ODNHV� WKH WDUJHWHG UHPRYDO RI µFRDUVH¶
ILVK LV WRXWHG DV DQ HIIHFWLYH PLWLJDWLRQ WRRO LQ DIIHFWHG UHVHUYRLUV� GHVSLWH REYLRXV LQWULQVLF
FRQVWUDLQWV� (FRORJLFDO HYLGHQFH IURP ORFDO UHVHUYRLUV LV V\QWKHVL]HG WR VKRZ WKDW ERWK µWRS�GRZQ¶
DQG µERWWRP�XS¶ LPSDFWV RI ILVK DUH PDUJLQDO� DQG UHQGHU ELRPDQLSXODWLRQ LQHIIHFWLYH DV DQ
DPHOLRUDWLYH WRRO UHJLRQDOO\� ZLWK ZLGHU JHRJUDSKLFDO UHOHYDQFH� 3UHGDWRU�SUH\ FRXSOLQJV WKDW
XQGHUSLQ µWRS�GRZQ¶ ELRPDQLSXODWLRQ DUH LQRSHUDWLYH� )LUVWO\� GLUHFW JUD]LQJ RI SUREOHP SODQNWRQLF
DXWRWURSKV E\ ]RRSODQNWRQ LV VOLJKW� ZLWK SUREOHP EORRP�IRUPLQJ WD[D �SUHGRPLQDQWO\ F\DQRSK\WHV
± 0LFURF\VWLV� FRPPRQO\ ZLWK &HUDWLXP� EHLQJ SK\VLFDOO\ WRR ODUJH IRU ]RRSODQNWRQ LQJHVWLRQ� DSDUW
IURP WKHLU QXWULWLRQ LQIHULRULW\ �LI QRW WR[LFLW\�� 6HFRQGO\� SUHGDWLRQ RQ ]RRSODQNWRQ E\ ILVK LV
QHJOLJLEOH� DV HYLGHQFHG E\� D� VXVWDLQHG KLJK ]RRSODQNWRQ ELRPDVV OHYHOV� DQG E� LWV FRPPRQ
GRPLQDWLRQ E\ ODUJH�ERGLHG WD[D� F� KLJK ]RRSODQNWRQ�SK\WRSODQNWRQ ELRPDVV UDWLRV� G� ILVK GLHWDU\
UHFRUGV� H� GLUHFW VWDEOH LVRWRSH DQDO\VLV� ,Q WHUPV RI µERWWRP�XS¶ ELRPDQLSXODWLRQ� ILVK LPSDFWV DUH
HTXDOO\ PLQRU� 1XWULHQW SRROV LQ ILVK ELRPDVV� DQG UHF\FOHG LQWHUQDOO\ WKURXJK H[FUHWLRQ DUH ERWK
VOLJKW UHODWLYH WR SHUVLVWHQWO\ KLJK H[WHUQDO SKRVSKRUXV ORDGLQJ UDWHV� ,QWHUQDO QXWULHQW ORDGLQJ E\
ILVK ELRWXUEDWLRQ LV FRQVWUDLQHG VSDWLDOO\ DQG�RU WHPSRUDOO\ E\ VHGLPHQW LQDFFHVVLELOLW\ DVVRFLDWHG
ZLWK K\SR[LF�DQR[LF FRQGLWLRQV UHVXOWLQJ IURP PRUSKRPHWULF DQG EDWK\PHWULF SURILOHV� DQG VHDVRQDO
VWUDWLILFDWLRQ�PL[LQJ�UHJLPHV�RI�DIIHFWHG�UHVHUYRLUV�

35(6(17$7,21�7<3(��25$/

���

��WK�:RUOG�/DNH�&RQIHUHQFH�������6HSWHPEHU�������3HUXJLD��,WDO\



06������(XWWRSKLFDWLRQ�SUREOHPV

5HJLRQDO�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��$53$�8PEULD���,WDO\

5HJLRQDO�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��$53$�8PEULD���,WDO\

5HJLRQDO�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��$53$�8PEULD���,WDO\

5HJLRQDO�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��$53$�8PEULD���,WDO\
�
.(<:25'6��0$&523+<7(��0(',7(55$1($1�/$.(6��6+$//2:�/$.(6

3LHGLOXFR LV D QDWXUDO ODNH ORFDWHG LQ &HQWUDO ,WDO\� ZLWK D PD[LPXP GHSWK RI ����� P DQG D VXUIDFH
DUHD RI ���� VT NP� /RFDO (QYLURQPHQWDO 3URWHFWLRQ $JHQF\ FDUULHG RXW� LQ -XQH�-XO\ ����� WKH
PDFURSK\WHV PRQLWRULQJ DFWLYLWLHV� LQ RUGHU WR YDOLGDWH WKH DSSOLFDELOLW\ RI WKH QDWLRQDO VDPSOLQJ
PHWKRG �$3$7� ����� LQ WKH 0HGLWHUUDQHDQ FDOFDUHRXV VKDOORZ ODNHV DQG WR FROOHFW GDWD IRU
HFRORJLFDO VWDWXV HYDOXDWLRQ DFFRUGLQJ WR :)' ��������(&� 0DFURSK\WHV VXUYH\ ZDV SHUIRUPHG LQ
� VLWHV� VHOHFWHG RQ WKH EDVLV RI DTXDWLF YHJHWDWLRQ GLVWULEXWLRQ� JHRORJLFDO IHDWXUHV� YDULDWLRQV LQ
VKRUH PRUSKRORJ\ ZLWKLQ WZR ZDWHU ERGLHV� 7KH ILUVW� 3LHGLOXFR �� LV LPSDFWHG E\ K\GURSRZHU
UHJXODWLRQ DQG VKRZV D IUHTXHQW ZDWHU VKXIIOH� VKRUW UHQHZDO WLPHV DQG ODFN RI VWUDWLILFDWLRQ� 7KH
VHFRQG� 3LHGLOXFR �� LV DQ HXWURSKLF ZDWHU ERG\� ZLWK D VWDEOH VWUDWLILFDWLRQ DQG DQR[LF VHGLPHQWV�
6DPSOLQJV ZHUH FDUULHG RXW RYHU �� UHSUHVHQWDWLYH WUDQVHFWV DQG WKH IUHTXHQF\ RI +\GURSK\WHV�
3WHULGRSK\WHV� %U\RSK\WHV DQG 0DFURDOJDH ZDV UHFRUGHG� 7KH �� WD[D GHWHFWHG GRQ
W KDYH WKH
VDPH IUHTXHQF\ DQG GLVWULEXWLRQ LQ WKH WZR ZDWHU ERGLHV� 3LHGLOXFR � LV FKDUDFWHUL]HG E\ D JUHDWHU
DEXQGDQFH� GHSWK RI JURZWK DQG ELRGLYHUVLW\� $QDO\VLV RI DTXDWLF YHJHWDWLRQ GDWD VKRZHG WKH
GRPLQDQFH DQG ZLGHVSUHDG DYDLODELOLW\ RI URRWHG K\GURSK\WHV ZLWK IORDWLQJ OHDYHV �1XSKDU OXWHXP��
WKH SUHVHQFH RI ILODPHQWRXV DOJDH �6SLURJ\UD� &ODGRSKRUD� 9DXFKHULD� DQG RI EU\RSK\WH )RQWLQDOLV
DQWLS\UHWLFD� 6XEPHUJHG K\GURSK\WHV GRQ
W UHSUHVHQW D VLJQLILFDQW PDFURSK\WH VKDUH DQG YDULRXV
VSHFLHV ZLGHVSUHDG LQ WKH SDVW �3RWDPRJHWRQ OXFHQV� 3� QDWDQV� 3� SHUIROLDWXV� 0\ULRSK\OOXP
DOWHUQLIORUXP� 0� VSLFDWXP� ZHUH QRW REVHUYHG DQ\PRUH� (ORGHD FDQDGHQVLV ZDV WKH RQO\ H[RWLF
VSHFLHV�IRXQG�
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5HVHDUFK�&HQWHU�IRU�/LPQRORJ\�/,3,��&LELQRQJ��,QGRQHVLD

5HVHDUFK�&HQWHU�IRU�/LPQRORJ\�/,3,��&LELQRQJ��,QGRQHVLD

5HVHDUFK�&HQWHU�IRU�/LPQRORJ\�/,3,��&LELQRQJ��,QGRQHVLD
�
.(<:25'6��5$:$3(1,1*�/$.(��(87523+,&$7,21��:$7(5�48$/,7<

5DZDSHQLQJ LV RQH RI �� ,QGRQHVLDQ ODNHV LGHQWLILHG DV 1DWLRQDO 3ULRULW\ ODNHV� 1DWXUDOO\
5DZDSHQLQJ /DNH LV D 7HFWRQR ± 9ROFDQLF W\SH RI ODNH ZLWK VXUIDFH DUHD RI ����� ± ����� KD�
:DWHU LQIORZV WR WKH ODNH DUH IURP WKH VSULQJV RQ WKH VLGHV RI WKH PRXQWDLQV DQG IURP HLJKW
WULEXWDULHV� 7KH SUREOHP RI 5DZDSHQLQJ /DNH LV HXWURSKLFDWLRQ LQGLFDWHG E\ LQYDVLYH PDURSK\WH
FRYHUDJH RI ZDWHU K\DFLQWK LQ WKH ODNH VXUIDFH� 7KH VWXG\ ZDV DLPHG WR REVHUYH WKH FXUUHQW
HQYLURQPHQWDO FRQGLWLRQ DQG HXWURSKLFDWLRQ VWDWXV LQ 5DZDSHQLQJ /DNH� 6HGLPHQW ORDG� ZDWHU
TXDOLW\� DQG QXWULHQW FRQFHQWUDWLRQ ZHUH PHDVXUHG LQ WKH WULEXWDULHV RI ODNH LQIORZ� WKH ODNH ZDWHU
DQG WKH ODNH RXWIORZ RI 7XQWDQJ 5LYHU� 7KH WULEXWDULHV RI ODNH LQIORZ ZKLFK UHFHLYHV ZDVWH ZDWHUV
IURP WKH KXPDQ VHWWOHPHQWV FRQWULEXWHV KLJK VHGLPHQW ORDG WR WKH ODNH ���� ± ���PLOOLRQ NJ�\HDU����
7RWDO VHGLPHQW ORDG LQWR 5DZDSHQLQJ /DNH ZDV DURXQG ����� PLOOLRQ NJ�\HDU��� ZKLOH VHGLPHQW
ORDG H[LW IURP WKH ODNH ZDV ���� PLOOLRQ NJ�\HDU��� 7RWDO QLWURJHQ �71�� QLWUDWH� WRWDO SKRVSKRU �73�
DQG SKRVSKDWH LQ WKH WULEXWDULHV RI ODNH LQIORZ UDQJHG IURP ����� WR ����� PJ�/��� ����� WR �����
PJ�/��� ����� IURP ����� PJ�/�� DQG ����� WR ����� PJ�/��UHVSHFWLYHO\� ZKLOH LQ WKH ODNH RXWIORZ
ZDV ������ ����� PJ�/� ����� PJ/ DQG ����� PJ�/�� UHVSHFWLYHO\� ,Q WKH ODNH ZDWHUV '2 IOXFWXDWHG
VSDWLDOO\ DQG WHPSRUDOO\� S+ UDQJHG IURP ���� WR ���� ZDWHU WHPSHUDWXUH ZDV DURXQG ���������R&
DQG VHFFKL GHSWK ZDV ����� FP� $YHUDJH RI 71� QLWUDWH� 73� SKRVSKDWH DQG FKORURSK\OO�D UDQJHG
IURP ����� WR ����� PJ�/��� ����� WR ����� PJ�/��� ����� WR ����� PJ�/��� ����� WR ����� PJ�/��
DQG ����� WR ������ ��J�/�� UHVSHFWLYHO\� DQG DSSDUHQW PDVVLYH ZDWHU K\DFLQWK FRYHUDJH LQ WKH
VXUIDFH�ZDWHU�LQGLFDWHV�WKDW��5DZD�3HQLQJ�/DNH�LQ�WKH�HXWURSKLF�FRQGLWLRQ�
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'HSDUWPHQW�RI�/LIH�6FLHQFHV��8QLYHUVLW\�RI�3DUPD��3DUPD��,WDO\

'HSDUWPHQW�RI�/LIH�6FLHQFHV��8QLYHUVLW\�RI�3DUPD��3DUPD��,WDO\

,QVWLWXWH�RI�*HRVFLHQFHV�DQG�(DUWK�5HVRXUFHV��,**���&15��8�2�6��3DYLD��3DYLD��,WDO\

'HSDUWPHQW�RI�(DUWK�DQG�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�3DYLD��3DYLD��,WDO\

'HSDUWPHQW�RI�/LIH�6FLHQFHV��8QLYHUVLW\�RI�3DUPD��3DUPD��,WDO\

'HSDUWPHQW�RI�/LIH�6FLHQFHV��8QLYHUVLW\�RI�3DUPD��3DUPD��,WDO\

'HSDUWPHQW�RI�/LIH�6FLHQFHV��8QLYHUVLW\�RI�3DUPD��3DUPD��,WDO\

'HSDUWPHQW�RI�/LIH�6FLHQFHV��8QLYHUVLW\�RI�3DUPD��3DUPD��,WDO\
�
.(<:25'6��1�6853/86��'(1,75,),&$7,21��5,9(5�*5281':$7(5�,17(5$&7,216

7KH 2JOLR 5LYHU EDVLQ ����� NP�� 1RUWKHUQ ,WDO\� LV GHQVHO\ LQKDELWHG DQG KHDYLO\ H[SORLWHG IRU
DQLPDO IDUPLQJ� DJULFXOWXUH DQG ZDWHU XVH� +XPDQ SUHVVXUHV PHQDFH WKH ULYHU� WKH VHFRQGDU\
GUDLQDJH V\VWHP DQG WKH JURXQGZDWHU TXDOLW\� 6LQFH ���� GLIIHUHQW WKHRUHWLFDO� PRQLWRULQJ DQG
H[SHULPHQWDO DFWLYLWLHV ZHUH VWDUWHG LQ RUGHU WR VWXG\ 1 SDWKV LQ WKLV DUHD� 2YHUDOO DLP ZDV WR
DQDO\]H TXDQWLWDWLYHO\ WKH PDLQ 1 VRXUFHV DQG VLQNV� HYDOXDWH WKH ULVN RI ZDWHU FRQWDPLQDWLRQ DQG
WKH SRWHQWLDO IRU UHFRYHU\� GLVVHPLQDWH WKH UHVXOWV DQG LQWHUDFW ZLWK VWDNHKROGHUV LQ RUGHU WR SXW LQ
DFWLRQ PRUH VXVWDLQDEOH SUDFWLFHV� 1 EXGJHW VXJJHVW XQFRXSOHG 1 VRXUFHV �PDLQO\ OLYHVWRFN
PDQXUH DQG V\QWKHWLF IHUWLOL]HUV� DQG VLQNV �PDLQO\ FURS XSWDNH� UHVXOWLQJ LQ D ODUJH 1 VXUSOXV DQG
ZDWHU FRQWDPLQDWLRQ ULVN� $QQXDO 1 H[SRUW IURP WKH EDVLQ LV D UHODWLYHO\ VPDOO IUDFWLRQ RI 1 VXUSOXV
�a����� PHDQLQJ WKDW UHOHYDQW WHPSRUDU\ RU SHUPDQHQW 1 VLQNV DUH QRW LQFOXGHG LQ WKH EXGJHW� 1
UHPRYDO YLD GHQLWULILFDWLRQ LQ WKH ULYHUEHG� ULSDULDQ DUHDV �LQFOXGLQJ WKRVH RI WKH LUULJDWLRQ QHWZRUN�
DQG ULYHULQH ZHWODQGV ZDV HYDOXDWHG H[SHULPHQWDOO\ �LVRWRSH SDLULQJ WHFKQLTXH DQG RSHQ FKDQQHO
PHWKRGV� DQG YLD FRPELQDWLRQ RI VWDEOH LVRWRSHV DQDO\VLV DQG PDVV EXGJHWV� 2XU HVWLPDWHV
VXJJHVW WKDW GHQLWULILFDWLRQ UHPRYHV DW PRVW KDOI RI WKH 1 VXUSOXV� *URXQGZDWHU DQDO\VHV UHYHDO
GUDPDWLF 1 DFFXPXODWLRQ LQ WKH FHQWUDO VHFWRUV RI WKH ZDWHUVKHG� ZKHUH VRLOV DUH PRUH SHUPHDEOH�
DQG VXSSRUW WKH K\SRWKHVLV WKDW DTXLIHU FDQ VWRUDJH ODUJH DPRXQW RI H[FHVV 1� $W SUHVHQW ZH DUH
LQYHVWLJDWLQJ ULYHU�JURXQGZDWHU LQWHUDFWLRQV WR HYDOXDWH KRZ 1 LQ WKH DTXLIHU FDQ EH UHF\FOHG WR WKH
VXUIDFH�
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8QLYHUVLW\�RI�3DUPD��,WDO\��1DWLRQDO�5HVHDUFK�&RXQFLO��,QVWLWXWH�IRU�(OHFWURPDJQHWLF�6HQVLQJ�RI�WKH
(QYLURQPHQW��&15�,5($���,WDO\�

1DWLRQDO�5HVHDUFK�&RXQFLO��,QVWLWXWH�IRU�(OHFWURPDJQHWLF�6HQVLQJ�RI�WKH�(QYLURQPHQW��&15�,5($���,WDO\�

8QLYHUVLW\�RI�3DUPD��,WDO\

8QLYHUVLW\�RI�3DUPD��,WDO\

1DWLRQDO�5HVHDUFK�&RXQFLO��,QVWLWXWH�IRU�(OHFWURPDJQHWLF�6HQVLQJ�RI�WKH�(QYLURQPHQW��&15�,5($���,WDO\�

8QLYHUVLW\�RI�3DUPD��,WDO\

8QLYHUVLW\�RI�3DUPD��,WDO\
�
.(<:25'6��5,9(5�0(7$%2/,60��1875,(17�0$66�%$/$1&(6��35,0$5<�352'8&(56

+XPDQ SUHVVXUHV LPSDFW WKH ZDWHU TXDOLW\ �H�J� HXWURSKLFDWLRQ� DQG IORZ �H�J� ULYHU GDPPLQJ� RI
ULYHUV DQG WKHLU ELRORJLFDO FRPPXQLWLHV FRPSRVLWLRQ DQG DFWLYLW\� 7KH FRPELQHG HIIHFW RI IORZ
UHGXFWLRQ DQG HXWURSKLFDWLRQ KDV WKH SRWHQWLDO WR DOWHU WKH ULYHU PHWDEROLVP� WXUQLQJ D QHW
KHWHURWURSKLF V\VWHP LQWR DQ KLJKO\ SURGXFWLYH� DXWRWURSKLF RQH� 7KH 0LQFLR 5LYHU� LQFOXGLQJ WKH
0DQWXD IOXYLDO ODNHV �QRUWKHUQ ,WDO\�� RIIHUV D XQLTXH RSSRUWXQLW\ WR DQDO\]H WKH HIIHFWV RI KXPDQ
SUHVVXUHV RQ FRPPXQLWLHV DQG SURFHVVHV� 7KLV V\VWHP OD\V ZLWKLQ D ZDWHUVKHG KHDYLO\ H[SORLWHG
IRU DJULFXOWXUH DQG LV KLJKO\ PRGLILHG WR ZDWHU DEVWUDFWLRQ DQG GDPV� :H SUHVHQW UHVXOWV IURP D �
\HDUV UHVHDUFK DFWLYLW\ LQFOXGLQJ QXWULHQW PDVV EXGJHWV� VHDVRQDO PRQLWRULQJ RI ZDWHU TXDOLW\ DQG
IORZ� GHWDLOHG HYDOXDWLRQ RI ZKROH UHDFK PHWDEROLVP� DQDO\VLV RI VHGLPHQWDU\ SURFHVVHV DQG RI
SHODJLF DQG EHQWKLF SULPDU\ SURGXFWLRQ E\ UHPRWH VHQVLQJ� 7KUHH GLIIHUHQW UHDFKHV ZHUH DQDO\]HG
LQ GHWDLO� D IUHH IORZLQJ VHFWLRQ ZLWKLQ QDWXUDO EDQNV� KRVWLQJ ODUJH PHDGRZV RI VXEPHUVHG
PDFURSK\WHV� D K\SHWURSKLF IOXYLDO ODNH GRPLQDWHG E\ SK\WRSODQNWRQ DQG IORDWLQJ�OHDYHG
PDFURSK\WHV DQG D GRZQVWUHDP� FKDQQHOL]HG UHDFK GRPLQDWHG E\ SK\WRSODQNWRQ� 2XU UHVXOWV
VXJJHVW D ODUJH 1 VXUSOXV DW WKH ZDWHUVKHG OHYHO� UHVXOWLQJ LQ D SURJUHVVLYH 1�HQULFKPHQW IURP
XSVWUHDP WR GRZQVWUHDP� 1XWULHQW DYDLODELOLW\ FRPELQHG ZLWK ZDWHU VWDJQDWLRQ GHWHUPLQHV D VWHHS
VKLIW LQ ZDWHU TXDOLW\ SDUDPHWHUV� ZLWK SK\WRSODQNWRQ EORRPV� GHFUHDVHG WUDQVSDUHQF\ DQG
GLVDSSHDUDQFH RI VXEPHUJHG SKDQHURJDPV FKDUDFWHUL]LQJ GRZQVWUHDP UHDFKHV� 6XFK VKLIW LV
FRXSOHG WR D QHW WUDQVLWLRQ IURP QHW KHWHURWURSK\ LQ WKH IUHH IORZLQJ UHDFK WR QHW DXWRWURSK\ LQ WKH
FKDQQHOL]HG�UHDFK�DQG�WKH�IOXYLDO�ODNH��
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,VWDQEXO�8QLYHUVLW\��)LVKHULHV�)DFXOW\��'HSDUWPHQW�RI�)UHVKZDWHU�%LRORJ\��7XUNH\

,VWDQEXO�7HFKQLFDO�8QLYHUVLW\��'HSDUWPHQW�RI�(QYLURQPHQWDO�(QJLQHHULQJ��7XUNH\�

,VWDQEXO�8QLYHUVLW\��)LVKHULHV�)DFXOW\��'HSDUWPHQW�RI�)UHVKZDWHU�%LRORJ\��7XUNH\

,VWDQEXO�8QLYHUVLW\��)LVKHULHV�)DFXOW\��'HSDUWPHQW�RI�)UHVKZDWHU�%LRORJ\��7XUNH\

,VWDQEXO�8QLYHUVLW\��)LVKHULHV�)DFXOW\��'HSDUWPHQW�RI�)UHVKZDWHU�%LRORJ\��7XUNH\
�
.(<:25'6��(87523+,&$7,21��(&2/2*,&$/�02'(//,1*��1875,(17�/2$'6

$TXDWLF HFRV\VWHPV KDYH GLIIHUHQW ELRJHRFKHPLFDO DQG WURSKLF QHWZRUN VWUXFWXUH� KRZHYHU WKH\
DOVR KDYH FRPPRQ FRPSRQHQWV WKDW EHKDYH VLPLODUO\� 7KHVH FRPSRQHQWV FDQ EH UHSUHVHQWHG
XVLQJ D QXWULHQW G\QDPLFV RU DQ 13=' �1XWULHQW 3K\WRSODQNWRQ =RRSODQNWRQ 'HWULWXV� PRGHO� ZKLFK
LQFOXGHV SULPDU\ SURGXFHUV �SK\WRSODQNWRQ JURXSV� DQG FRQVXPHUV RQ WKH ORZHU OHYHOV RI WKH
WURSKLF QHWZRUN� 6XFK PRGHOV DUH DGYDQWDJHRXV VLQFH WKH\ FDQ VSDWLDOO\ DQG WHPSRUDOO\ LQWHUSRODWH
VLQJOH PHDVXUHPHQWV� DOORZ WHVWLQJ RI VHYHUDO K\SRWKHVHV DQG LQYHVWLJDWLQJ WKH RXWFRPHV RI
GLIIHUHQW VFHQDULRV VXFK DV SROOXWLRQ RU FOLPDWH FKDQJH LQ D SUHGLFWLYH IDVKLRQ� 6DSDQFD /DNH LV D
UHODWLYHO\ OHVV SROOXWHG LQODQG ZDWHU ERG\� ZLWK D VXUIDFH DUHD RI ���� NP�� DQ DYHUDJHG GHSWK RI ��
PHWHUV� D PD[LPXP GHSWK RI �� P DQG D ZDWHUVKHG DUHD RI DSSUR[LPDWHO\ ��� NP�� 7KH ODNH KDV
EHHQ SULVWLQH IRU PRVW RI WKH ��WK FHQWXU\� KRZHYHU LQ WKH ODVW GHFDGHV LQWHQVLI\LQJ ODQG XVH�
LQFUHDVLQJ SROOXWLRQ LQ WKH VWUHDPV GUDLQLQJ WR WKH ODNH DQG H[FHVV ZDWHU ZLWKGUDZDOV DIIHFWHG WKH
ODNHV ZDWHU TXDOLW\ DQG HFRORJ\ DGYHUVHO\ VR WKDW V\PSWRPV RI HXWURSKLFDWLRQ EHFDPH QRWLFHDEOH�
:H GHYHORSHG D G\QDPLF 13=' PRGHO WR HYDOXDWH WKH WURSKLF VWDWXV RI WKH ODNH DQG VLPXODWH LWV
UHVSRQVH WR LQFUHDVH QXWULHQW ORDGV XQGHU GLIIHUHQW VFHQDULRV VXFK DV GLIIHUHQW ZDWHU ZLWKGUDZDOV�
7KH PRGHO ZDV FDOLEUDWHG DQG YDOLGDWHG ZLWK PRQWKO\ PRQLWRULQJ GDWD FROOHFWHG IRU WZR \HDUV� 2XU
DQDO\VLV LQGLFDWHG WKDW WKH ODNH LV VKLIWLQJ IURP ROLJRWURSKLF WR PHVRWURSKLF VWDWH DQG HXWURSKLFDWLRQ
LV H[SHFWHG WR SURFHHG E\ WKH DQWKURSRJHQLF LQIOXHQFHV� 0RUH GHWDLOV LQFOXGLQJ WKH WKHRUHWLFDO
FRQVWUXFW�RI�WKH�13='�PRGHO��WKH�VFHQDULRV�DQG�WKH�UHVXOWV�ZLOO�EH�SUHVHQWHG�LQ�WKH�FRQIHUHQFH�
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+HPFKDQGUDFKDU\D�1RUWK�*XMDUDW�8QLYHUVLW\��3DWDQ��,QGLD
�
.(<:25'6��$48$7,&�0$&523+<7(6��7+2/�:,/'�/,)(�6$1&78$5<��6($621$/�&+$1*(6

%HLQJ RQH RI WKH WKUHH VDQFWXDULHV DQG RQO\ SURWHFWHG ZHWODQG RI 1RUWK *XMDUDW UHJLRQ� 7KRO /DNH
:LOGOLIH 6DQFWXDU\ SRSXODUO\ NQRZQ DV 7KRO %LUG 6DQFWXDU\ �7%6� ZDV VWXGLHG IRU WKH DTXDWLF
PDFURSK\WHV DQG WKHLU VWDWXV LQ UHOHYDQFH RI VHDVRQDO FKDQJHV DQG ZDWHU OHYHO IOXFWXDWLRQ EHFDXVH
RI LUULJDWLRQ� 3UHVHQW SDSHU GLVFXVVHV PDLQO\ DERXW WKH LPSDFW RI FKDQJHV LQ VHDVRQ HVSHFLDOO\ SUH
	 SRVW PRQVRRQ DQG ZDWHU SXOOLQJ WKURXJK GXFWV DQG ZDWHU SXPSV IRU WKH SXUSRVH RI LUULJDWLRQ�
'LVFUHSDQF\ ZDV REVHUYHG DPRQJVW WKH QXPEHUV RI VSHFLHV RI KLJKHU DTXDWLF SODQW VSHFLHV� WKHLU
GHQVLW\ DQG IORXULVKLQJ DSSURDFK GHSHQGLQJ XSRQ ZDWHU DYDLODELOLW\ LQ WKH ODNH GXH WR WZR PDMRU
UHDVRQV PHQWLRQHG DERYH� RQH LV QDWXUDO �VHDVRQ FKDQJH� DQG WKH RWKHU LV PDQPDGH �LUULJDWLRQ��
$GGLWLRQDOO\ LQ WKH GLWFKHV VXUURXQGLQJ WKH ODNH ZLWK ORZ ZDWHU GHSWK �QRW VXLWDEOH IRU LUULJDWLRQ
SXUSRVH� ZKHUH RQO\ WKH VHDVRQDO FKDQJHV DIIHFWHG ZLWKRXW DQ\ KXPDQ LQWHUIHUHQFH� VXFK
YDULDWLRQV RI WKH KLJKHU DTXDWLF SODQWV ZHUH IRXQG WR EH QDUURZ LQ FRPSDULVRQ RI WKDW RI WKH ODNH
FRQFOXGLQJ \HW DJDLQ WKDW QDWXUDO FKDQJHV LQ WKH VXUURXQGLQJV DUH HIIRUWOHVVO\ H[DFWDEOH E\ OLYLQJ
WKLQJV�UDWKHU�WKDQ�WKH�VDPH�PL[HG�ZLWK�FKDQJHV�FUHDWHG�WKURXJK�KXPDQ�LQWHUIHUHQFH���
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&DUORV�&KDJDV�)LOKR�,QVWLWXWH�RI�%LRSK\VLFV��)HGHUDO�8QLYHUVLW\�RI�5LR�GH�-DQHLUR��%UD]LO
�
.(<:25'6��&,$1272;,16��&<$12%$&7(5,$��/$7,1�$0(5,&$

,Q /DWLQ $PHULFD DV HOVHZKHUH WKH REVHUYDWLRQ RI RFFXUUHQFH RI WR[LF F\DQREDFWHULDO EORRPV EHJDQ
LQ WKH ILUVW KDOI RI WKH ��WK FHQWXU\� +RZHYHU� WKH DGYDQFHPHQW RI NQRZOHGJH DERXW WKH
SK\VLRORJLFDO SURFHVVHV� ELRFKHPLFDO DQG PROHFXODU HIIHFWV IURP H[SRVXUH WR WKHVH WR[LQV RFFXUUHG
PRUH VORZO\ DQG ODWH WKDW WKH XQGHUVWDQGLQJ RI WKH HQYLURQPHQWDO IDFWRUV WKDW GHWHUPLQHV WKH
GRPLQDQFH RI F\DQREDFWHULD� 0RUHRYHU� XQGHUVWDQGLQJ WKH HIIHFWV RI WKHVH WR[LQV LQ WKH DTXDWLF
HQYLURQPHQW LV VWLOO IDU IURP EHLQJ DFKLHYHG� :H KDYH KDG D PDMRU EUHDNWKURXJK LQ VWXGLHV RI
PDQDJHPHQW DQG WUHDWPHQW RI ZDWHU IRU SXEOLF VXSSO\� LQ HQYLURQPHQWDO DVSHFWV UHODWH ZLWK
F\DQREDFWHULD JURZWK DQG GRPLQDQFH DQG LQ WR[LFRORJ\ RI VRPH F\DQRWR[LQV� %XW VWLOO OLWWOH DGYDQFH
LQ FHOOXODU DQG PROHFXODU VWXGLHV WKDW DOORZ XV WR XQGHUVWDQG WKH PHFKDQLVPV FRQWUROOLQJ WKH
V\QWKHVLV RI F\DQRWR[LQV DQG WKHLU HIIHFWV RQ DTXDWLF FRPPXQLW\� ,Q QDWXUDO EORRPV� WR[LF DQG QRQ�
WR[LF VWUDLQV FR�H[LVW � DQG WKH WR[LF RQHV KDYH YDU\LQJ WR[LQ FRQWHQWV� &RQVHTXHQWO\� F\DQRWR[LQ
G\QDPLFV LV GULYHQ FKLHIO\ E\ WKH G\QDPLFV RI WR[LQ SURGXFLQJ FORQHV� ,Q WKH ODVW IHZ \HDUV� PDUNHG
DGYDQFHV LQ PHWKRGRORJ\ DOORZHG WKH HOXFLGDWLRQ RI VXE�VSHFLILF RU FORQDO G\QDPLFV LQ QDWXUDO
ZDWHUV� +RZHYHU� WKH GULYLQJ IRUFHV EHKLQG FORQDO G\QDPLFV DUH VWLOO SRRUO\ XQGHUVWRRG� %HVLGHV�
WKH UROH RI F\DQRWR[LQV LV VWLOO DQ RSHQ TXHVWLRQ DQG WKH HYROXWLRQ RI WR[LFLW\ DPRQJ VSHFLHV DQG
VWUDLQV LV SUDFWLFDOO\ XQNQRZQ � YHU\ GLVWDQW WD[D PD\ SURGXFH LGHQWLFDO WR[LQV ZKLOH YHU\ FORVHO\
UHODWHG GLIIHU LQ WKLV FDSDFLW\� ,Q WKLV SUHVHQWDWLRQ� WKHVH DVSHFWV ZLOO EH VKRUWO\ UHYLHZHG DQG
LPSRUWDQW�JDSV�RI�NQRZOHGJH�ZLOO�EH�KLJKOLJKWHG
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5HVHDUFK�DQG�,QQRYDWLRQ�&HQWUH��)RQGD]LRQH�(GPXQG�0DFK��,VWLWXWR�$JUDULR�GL�6��0LFKHOH�DOO¶$GLJH��,WDO\

5HVHDUFK�DQG�,QQRYDWLRQ�&HQWUH��)RQGD]LRQH�(GPXQG�0DFK��,VWLWXWR�$JUDULR�GL�6��0LFKHOH�DOO¶$GLJH��,WDO\�
+XPDQ�DQG�(QYLURQPHQWDO�7R[LFRORJ\�*URXS��'HSDUWPHQW�RI�%LRORJ\��8QLYHUVLW\�RI�.RQVWDQ]��*HUPDQ

5HVHDUFK�DQG�,QQRYDWLRQ�&HQWUH��)RQGD]LRQH�(GPXQG�0DFK��,VWLWXWR�$JUDULR�GL�6��0LFKHOH�DOO¶$GLJH��,WDO\

5HVHDUFK�DQG�,QQRYDWLRQ�&HQWUH��)RQGD]LRQH�(GPXQG�0DFK��,VWLWXWR�$JUDULR�GL�6��0LFKHOH�DOO¶$GLJH��,WDO\
�
.(<:25'6��/$.(�*$5'$��&<$12%$&7(5,$��0,&52&<67,16

&\DQREDFWHULD KDYH WKH DELOLW\ WR SURGXFH DQ H[WUDRUGLQDU\ YDULHW\ RI VHFRQGDU\ PHWDEROLWHV� VRPH
RI ZKLFK DUH WR[LF IRU KXPDQV� 0DVVLYH GHYHORSPHQWV �EORRPV� RI WKHVH PLFURRUJDQLVPV UHSUHVHQW
D PDMRU FRQFHUQ LQ PDQ\ QDWXUDO DQG DUWLILFLDO ZDWHU ERGLHV� EHFDXVH RI WKH KLJK OHYHOV RI WR[LQV
ZKLFK FDQ EH SRWHQWLDOO\ UHOHDVHG LQ WKH ZDWHU DQG HYHQWXDOO\ XSWDNHQ E\ KXPDQV �PDLQO\ E\
LQJHVWLRQ�� 0LFURF\VWLQV� SRWHQW KHSDWRWR[LQV� UHSUHVHQW WKH PRVW IUHTXHQW WR[LQV SURGXFHG E\
F\DQREDFWHULD� 7KH\ VKRZ D ELJ YDULDELOLW\ LQ FKHPLFDO VWUXFWXUH DQG� LQ IDFW� PRUH WKDQ �� YDULDQWV
KDYH EHHQ UHSRUWHG� 7KH FKHPLFDO GLYHUVLW\ KDV DQ LPSDFW RQ WKH WR[LFLW\� ZKLFK GLIIHUV VXEVWDQWLDOO\
IURP YDULDQW WR YDULDQW� 7KH IDFWRUV WULJJHULQJ WKH WR[LQ SURGXFWLRQ LQ F\DQREDFWHULD DV ZHOO DV WKH
UHDVRQV RI WKH ZLGH FKHPLFDO YDULDELOLW\ DUH VWLOO PDWWHU RI GHEDWH� ,Q RUGHU WR HOXFLGDWH WKH G\QDPLFV
RI WR[LQ SURGXFWLRQ LQVLGH D SRSXODWLRQ RI F\DQREDFWHULD� ZH KDYH LQYHVWLJDWHG WKH WHPSRUDO DQG
VSDWLDO YDULDELOLW\ RI WKH PLFURF\VWLQ GLYHUVLW\ LQ WKH UHVLGHQW F\DQREDFWHULDO FRPPXQLW\ RI /DNH
*DUGD� 7KH ODNH� ZKLFK UHSUHVHQWV WKH ELJJHVW ZDWHU EDVLQ LQ ,WDO\� ZDV VDPSOHG RQ D PRQWKO\
EDVLV IURP ���� WLOO ����� 7R[LQ DQDO\VLV� EDVHG RQ /&�06�06 WHFKQLTXH� ZDV SHUIRUPHG RQ
SK\WRSODQNWRQ VDPSOHV WDNHQ DW GLVFUHWH GHSWKV LQ WKH WURSKRJHQLF OD\HU� 7KH LQYHVWLJDWLRQ VKRZHG
D VHDVRQDO SDWWHUQ RI WR[LQ SURGXFWLRQ �ZLWK W\SLFDO ODWH VXPPHU�HDUO\ DXWXPQ SHDNV� DQG D
UHODWLYHO\ FRQVWDQW WR[LQ GLYHUVLW\ �ZLWK ILYH YDULDQWV DFFRXQWLQJ IRU DOPRVW WKH WRWDOLW\ RI WKH
PLFURF\VWLQ�FRQWHQW��ZLWK�RQH�YDULDQW��>'�$VS�@0&�55��DOZD\V�GRPLQDWLQJ�RYHU�WKH�RWKHUV�
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,QFUHDVLQJO\ WKH F\DQREDFWHULXP 0LFURF\VWLV DHUXJLQRVD EHFRPHV D QXLVDQFH LQ UHFUHDWLRQDO ODNHV
E\ EORRPLQJ DQG IRUPLQJ VFXP OD\HUV DW WKH ZDWHU VXUIDFH RU HYHQ ZRUVH RFFDVLRQDOO\ EHFRPLQJ
WR[LF DQG REVWUXFWLQJ WKH IXQFWLRQ RI GULQNLQJ�ZDWHU UHVHUYRLUV� $OWKRXJK VRPH GLVOLNH WKHLU HQHUJ\
FRQVXPSWLRQ� EXEEOH SOXPHV LQ GHHS ODNHV RU GHHS UHVHUYRLUV DUH JHQHUDOO\ DFFHSWHG DV D IDLWKIXO
PHWKRGRORJ\ IRU VXSSUHVVLQJ VFXPV� 'HVSLWH WKHVH IDYRXUDEOH DSSOLFDWLRQV� WKH SK\VLFDO�ELRORJLFDO
PHFKDQLVP KDV QRW EHHQ ZHOO H[SORUHG� $FWXDOO\� WKHUH H[LVW VHHPLQJO\ FRQWUDGLFWRU\ DSSOLFDWLRQV
RI EXEEOH SOXPHV VXFK DV 'LVVROYHG RU 'LVSHUVHG $LU )ORWDWLRQ �'$)� LQWHQGHG WR EULQJ DOJDH WR WKH
ZDWHU VXUIDFH UDWKHU WKDQ UHPRYLQJ WKHLU VFXP IURP WKH VXUIDFH� 0\ SUHVHQWDWLRQ DGGUHVVHV
YDULRXV PHFKDQLVPV WKDW PD\ H[SODLQ WKH VXSSUHVVLRQ RU UHPRYDO RI VFXPV� 7KH EDVLF WRRO IRU WKLV
VWXG\ LV P\ RQH�GLPHQVLRQDO YHUWLFDO ��'9� PRGHO IRU WKHUPRFOLQH IRUPDWLRQ DQG YHUWLFDO PL[LQJ LQ
ZLQG�IRUFHG ODNHV� XVLQJ WKH N� WXUEXOHQFH PRGHO LQFOXGLQJ EXR\DQF\ GDPSLQJ� 7KLV �'9 PRGHO LV
GLUHFWO\ FRXSOHG WR D GHWDLOHG PRGHO IRU WKH GLXUQDO YHUWLFDO PRELOLW\ RI PLFURF\VWLV EDVHG RQ WKH
)RNNHU�3ODQFN HTXDWLRQ �$SDULFLR�0HGUDQR HW DO�� ������ 7KLV FRQFHSW LQFOXGHV WKH UDWH RI FKDQJH
RI FHOO�WLVVXH GHQVLW\ DV IXQFWLRQ RI SKRWRV\QWKHVLV DQG UHVSLUDWLRQ DV GHWHUPLQHG H[SHULPHQWDOO\
�9LVVHU HW DO�� ������ 7KH YHUWLFDO YHORFLW\ RI PLFURF\VWLV FRORQLHV LV GHWHUPLQHG E\ WKH FRPSXWDWLRQ
RI WKH FHOO�WLVVXH GHQVLW\ DQG IRU JLYHQ JDV YHVLFOH FRQFHQWUDWLRQ DQG YROXPH FRORQ\ VL]H� )LQDOO\�
WKHVH PRGHOV DUH LPSOLFLWO\ FRXSOHG WR DQ LQWHJUDO PRGHO IRU WKH HQWUDLQPHQW E\ EXEEOH SOXPHV LQ
WKHUPDOO\�VWUDWLILHG ZDWHU� 8VLQJ WKLV VHW RI WRROV , FDQ VKRZ WKDW EXEEOH SOXPHV DFWXDOO\ FUHDWH D
EHWWHU OLJKW FOLPDWH IRU WKH JURZWK RI PLFURF\VWLV LQ GHHS ODNHV� DV KDV EHHQ REVHUYHG E\ �9LVVHU HW
DO�� ������ &RQVHTXHQWO\� ZKHQ EXEEOH SOXPHV DUH VZLWFK RII� VWURQJHU VFXP IRUPDWLRQ PD\ DSSHDU�
WKLV WRR LV H[SHULHQFHG LQ FDVHV RI PDOIXQFWLRQLQJ DLU FRPSUHVVRUV� $V EXEEOH SOXPHV DUH HIIHFWLYH
PL[HUV� IORWDWLRQ PD\ EH FRXQWHUDFWHG E\ KRPRJHQRXV PL[LQJ� )XUWKHU� WKH EUHDNGRZQ RI WKH
FRORQ\ VL]H E\ ILQH�VFDOH VKHDULQJ LQ EXEEOH SOXPHV VWURQJO\ UHGXFHV WKHLU YHUWLFDO PRELOLW\� 7KH
GRZQGUDXJKW RI PLFURF\VWLV LQ WKH UHFLUFXODWLRQ E\ EXEEOH SOXPHV LV XVHG DV H[SODQDWLRQ� KRZHYHU
E\ PDVV FRQWLQXLW\ WKH FRORQLHV UHWXUQ WR WKH ZDWHU VXUIDFH� 2U VPDOO EXEEOHV PD\ DGKHUH WR WKH
FRORQLHV VXFK DV LQ '$) DOWKRXJK ILQH�VFDOH WXUEXOHQFH PD\ GHWDFK WKH EXEEOHV� )LQDOO\� LQ R[\JHQ�
VXSHUVDWXUDWHG ZDWHU RQJRLQJ SKRWRV\QWKHVLV LQYRNHV R[\JHQ EXEEOHV LQ WKH PXFXV DQG WKXV
EXR\DQF\ ZKHUHDV EXEEOH SOXPHV UHGXFH WKH VXSHUVDWXUDWLRQ DQG WKXV FDQFHO EXEEOH JURZWK� $OO
WKHVH�FRQWUDGLFWRU\�PHFKDQLVPV�ZLOO�EH�DGGUHVVHG�LQ�WKLV�SUHVHQWDWLRQ�
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1DWLRQDO�5HVHDUFK�&RXQFLO�±�,QVWLWXWH�RI�(FRV\VWHP�6WXG\��&15�,6(���9HUEDQLD�3DOODQ]D��,WDO\

1DWLRQDO�5HVHDUFK�&RXQFLO�±�,QVWLWXWH�RI�(FRV\VWHP�6WXG\��&15�,6(���9HUEDQLD�3DOODQ]D��,WDO\

0DEULWHFK�6$��5LHKHQ��6ZLW]HUODQG

6836,��%HOOLQ]RQD��6ZLW]HUODQG

$JHQ]LD�5HJLRQDOH�SHU�OD�3URWH]LRQH�$PELHQWDOH��'LS��3URY���2PHJQD��,WDO\

1DWLRQDO�5HVHDUFK�&RXQFLO�±�,QVWLWXWH�RI�(FRV\VWHP�6WXG\��&15�,6(���9HUEDQLD�3DOODQ]D��,WDO\
�
.(<:25'6��6(17,1(/�25*$1,606��)5(6+:$7(5�0866(/6��0$/',�72)�06

0LFURF\VWLQV� SRWHQW WR[LQV SURGXFHG E\ VRPH VSHFLHV RI F\DQREDFWHULD� DUH D JURZLQJ SUREOHP
ZRUOGZLGH SRVLQJ D VHULRXV WKUHDW WR KXPDQ KHDOWK DQG DTXDWLF ELRWD� 7KH KHSDWRWR[LQ PLFURF\VWLQV
�0&V�� FDQ HQWHU WKH DTXDWLF IRRG ZHE WKURXJK DFFXPXODWLRQ LQ YDULRXV RUJDQLVPV LQFOXGLQJ
]RRSODQNWRQ� PDFURLQYHUWHEUDWHV DQG YHUWHEUDWHV� )UHVKZDWHU ELYDOYHV DUH ILOWHU�IHHGHUV DQG KDYH
WKH SRWHQWLDO WR ELRDFFXPXODWH D UDQJH RI RUJDQLF DQG LQRUJDQLF SROOXWDQWV IRXQG LQ IUHVKZDWHUV�
%HFDXVH RI WKHLU FDSDFLW\ WR FRQFHQWUDWH YDULRXV WR[LF DQG QRQ�WR[LF WUDFH HOHPHQWV� IUHVKZDWHU
ELYDOYHV KDYH EHHQ H[SORLWHG DV ³VHQWLQHO RUJDQLVPV´ WR HQKDQFH WR[LFDQW GHWHFWLRQ� 7KH SUHVHQW
VWXG\ DLPHG DW GHYHORSLQJ LQ VLWX HDUO\ ZDUQLQJ V\VWHP EDVHG RQ ELYDOYHV DV 0&V DFFXPXODWRUV
�ELRVHQWLQHOV�� 7R WKLV DLP WKH DSSOLFDWLRQ RI TXLFN� FKHDS DQG HDV\ DQDO\WLFDO WRROV LV UHTXLUHG�
7KHUHIRUH� ZH H[SORUHG WKH HIILFLHQF\ RI 0$/', 72) 06� LQ FRPSDULVRQ ZLWK WUDGLWLRQDO PHWKRGV
�+3/&� (/,6$ LPPXQRDVVD\�� IRU GHWHFWLQJ WR[LQV LQ WKH ELYDOYH WLVVXHV� :H VWXGLHG
PLFURF\VWLQ±/5 �0&±/5� DVVLPLODWLRQ LQ 8QLR HORQJDWXOXV ZKHQ H[SRVHG WR 0LFURF\VWLV
DHUXJLQRVD� 0XVVHOV¶ WLVVXHV ZHUH DQDO\]HG DIWHU VKRUW WHUP JUD]LQJ H[SHULPHQWV DW KLJK WR[LF
DOJDH FRQFHQWUDWLRQV DQG GXULQJ ORQJ WHUP JUD]LQJ H[SHULPHQWV DW ORZ WR[LF DOJDH FRQFHQWUDWLRQV WR
VWXG\ WKH IHHGLQJ UDWH DQG WKH DFFXPXODWLRQ FDSDFLW\ RI WKH PXVVHOV� 7KH UHVXOWV FRQILUP WKH XWLOLW\
RI 0$/',�72) 06 DV D TXDQWLWDWLYH VFUHHQLQJ PHWKRG IRU PLFURF\VWLQV� DQG WKH SRWHQWLDO IRU LWV XVH
DV�D�VWDQG�DORQH�WHFKQLTXH�
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5HVHDUFK�DQG�,QQRYDWLRQ�&HQWUH��)RQGD]LRQH�(GPXQG�0DFK��,WDO\��'HSDUWPHQW�RI�%LRORJ\��8QLYHUVLWj�GL
)LUHQ]H��,WDO\

5HVHDUFK�DQG�,QQRYDWLRQ�&HQWUH��)RQGD]LRQH�(GPXQG�0DFK��,WDO\��+XPDQ�DQG�(QYLURQPHQWDO�7R[LFRORJ\
*URXS��'HSDUWPHQW�RI�%LRORJ\��8QLYHUVLW\�RI�.RQVWDQ]��*HUPDQ\

5HVHDUFK�DQG�,QQRYDWLRQ�&HQWUH��)RQGD]LRQH�(GPXQG�0DFK��,WDO\

5HVHDUFK�DQG�,QQRYDWLRQ�&HQWUH��)RQGD]LRQH�(GPXQG�0DFK��,WDO\

5HVHDUFK�DQG�,QQRYDWLRQ�&HQWUH��)RQGD]LRQH�(GPXQG�0DFK��,WDO\
�
.(<:25'6��&<$12%$&7(5,$��&<$1272;,16��72;,&�*(127<3(6

+DUPIXO F\DQREDFWHULD EORRPV DUH LQFUHDVLQJ ZRUOGZLGH� 7KH KHDOWK KD]DUG IRU KXPDQV DQG
DQLPDOV LV GXH WR WKH DELOLW\ RI WKHVH RUJDQLVPV WR SURGXFH D ZLGH UDQJH RI WR[LQV� LQFOXGLQJ
KHSDWRWR[LQV �H�J�� PLFURF\VWLQV� 0&V�� DQG QHXURWR[LQV �H�J�� DQDWR[LQ�D� $7;�� 7KH JHQH FOXVWHUV
HQFRGLQJ WKH V\QWKHVLV RI WKH EURDG JURXS RI 0&V KDYH EHHQ DQDO\]HG LQ GHWDLO �� \HDUV DJR� ZKLOH
WKH JHQHV UHVSRQVLEOH RI WKH V\QWKHVLV RI $7; ZHUH GLVFRYHUHG RQO\ UHFHQWO\� 7KH GRPLQDQW
F\DQREDFWHULXP LQ /DNH *DUGD LV 3ODQNWRWKUL[ UXEHVFHQV� D ILODPHQWRXV VSHFLHV ZKLFK V\QWKHVL]HV
GLIIHUHQW 0&V FRQJHQHUV� ,Q WKH ODVW WZR GHFDGHV D QHZ VSHFLHV IRUPLQJ KXJH EORRPV DSSHDUHG�
'ROLFKRVSHUPXP OHPPHUPDQQLL� ZKLFK FDQ SURGXFH ERWK 0&V DQG $7;� 1HYHUWKHOHVV�
PHWDERORPLF GDWD DQG SK\WRSODQNWRQ ELRPDVV TXDQWLILFDWLRQ� VKRZHG WKDW PRVW RI WKH WLPH WKH
DEXQGDQFH RI '� OHPPHUPDQQLL ZDV QRW VXIILFLHQW WR H[SODLQ WKH KLJK FRQFHQWUDWLRQV RI $7;� UDLVLQJ
LPSRUWDQW TXHVWLRQV DERXW WKH FRUUHFW LGHQWLILFDWLRQ RI $7;�SURGXFHUV LQ /DNH *DUGD� ,Q WKLV
FRQWULEXWLRQ ZH ZLOO UHSRUW WKH ILUVW UHVXOWV REWDLQHG IURP D ZLGH VXUYH\ FDUULHG RXW LQ /DNH *DUGD
ZLWK WKH DLP WR FKDUDFWHUL]H WKH F\DQREDFWHULDO JHQRW\SHV FDUU\LQJ WKH 0&V DQG $7; HQFRGLQJ
JHQHV� 7KH DQDO\VHV DUH EDVHG RQ WD[RQRPLFDO� JHQHWLF �3&5 DQG 5HDO�7LPH 3&5� T3&5� DQG
PHWDERORPLF GHWHUPLQDWLRQV FDUULHG RXW RQ ERWK HQYLURQPHQWDO VDPSOHV DQG QXPHURXV LVRODWHG
VWUDLQ FXOWXUHV� 7KH LQIRUPDWLRQ ZLOO FRQWULEXWH WR EHWWHU GHILQH VSHFLILF ODNH�WDLORUHG ULVN�DVVHVVPHQW
PRGHOV DLPHG DW PLQLPL]LQJ WKH KHDOWK ULVNV FRQQHFWHG ZLWK WKH SUHVHQFH RI WR[LF F\DQREDFWHULD LQ
EDWKLQJ�ZDWHUV�DQG�LQ�ZDWHUV�XVHG�DV�GULQNLQJ�ZDWHU�VXSSO\�
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,VWDQEXO�8QLYHUVLW\��)LVKHULHV�)DFXOW\��'HSDUWPHQW�RI�)UHVKZDWHU�%LRORJ\��7XUNH\

,VWDQEXO�8QLYHUVLW\��)LVKHULHV�)DFXOW\��'HSDUWPHQW�RI�)UHVKZDWHU�%LRORJ\��7XUNH\

,VWDQEXO�8QLYHUVLW\��)LVKHULHV�)DFXOW\��'HSDUWPHQW�RI�)UHVKZDWHU�%LRORJ\��7XUNH\

,VWDQEXO�8QLYHUVLW\��)LVKHULHV�)DFXOW\��'HSDUWPHQW�RI�)UHVKZDWHU�%LRORJ\��7XUNH\

,VWDQEXO�8QLYHUVLW\��)LVKHULHV�)DFXOW\��'HSDUWPHQW�RI�)UHVKZDWHU�%LRORJ\��7XUNH\

,VWDQEXO�8QLYHUVLW\��)LVKHULHV�)DFXOW\��'HSDUWPHQW�RI�)UHVKZDWHU�%LRORJ\��7XUNH\

,VWDQEXO�8QLYHUVLW\��)LVKHULHV�)DFXOW\��'HSDUWPHQW�RI�)UHVKZDWHU�%LRORJ\��7XUNH\
�
.(<:25'6��&<$12%$&7(5,$�%/220��32//87,21�/2$'��:$7(5�48$/,7<

,]QLN ODNH LV D ILIWK ODUJHVW QDWXUDO ODNH LQ 7XUNH\ ZLWK D �� P GHSWK DQG ��� NP� VXUIDFH DUHD� ,W
KDV D WHFWRQLF RULJLQ DQG D KLJKO\ DONDOLQH FKDUDFWHU ZLWK D PHDQ S+ RI ���� 7KH WUDQVSDUHQF\ LV
JHQHUDOO\ RYHU � P� /DNH LV XQGHU WKH SUHVVXUH RI SROOXWHG UXQ�RII RULJLQDWLQJ IURP VXUURXQGLQJ
DJULFXOWXUDO ODQG DQG DOVR UHVLGHQWLDO DUHDV� $FFRUGLQJ WR 7URSKLF 6WDWH ,QGH[ �76,� ODNH LV D PHVR�
HXWURSKLF VWDWXV� KRZHYHU LV YHU\ FORVH WR HXWURSKLF FRQGLWLRQV� 7KHUH DUH F\DQREDFWHULDO EORRPV LQ
WKH ODNH VWDUWLQJ IURP 0D\ FRQWLQXHG WKURXJKRXW VXPPHU PRQWKV� 1LWURJHQ IL[LQJ F\DQREDFWHULD LV
JHQHUDOO\ GRPLQDQW LQ WKH ODNH� $QDEDHQD VSHFLHV IRUP EORRPV LQ VSULQJ DQG ZDWHU VWUDWLILFDWLRQ LQ
VXPPHU PRQWKV DOORZV 3ODQNWRWKUL[ UXEHVFHQV WR HVWDEOLVK D SRSXODWLRQ LQ WKH PHWDOLPQLRQ RI WKH
ODNH� +RZHYHU� VRPH RWKHU 1RVWRFDOHQ VSHFLHV� VXFK DV $SKDQL]RPHQRQ� &\OLQGURVSHUPRSVLV DQG
HYHQ 1RGXODULD VSXPLJHQD UHDFK KLJK QXPEHUV LQ WKH XSSHU SDUWV RI ZDWHU FROXPQ LQ ODWH VXPPHU
DQG IDOO� 0LFURF\VWLQ YDULDQWV DQG F\OLQGURVSHUPRSVLQ ZDV GHWHFWHG LQ ODNH ZDWHUV ZKHQ
F\DQREDFWHULD EORRPV RFFXUUHG� /DNH LV XVHG IRU LUULJDWLRQ DQG UHFUHDWLRQDO DFWLYLWLHV DQG
F\DQRWR[LQV SURGXFHG E\ WKHVH VSHFLHV SRVH D VHYHUH KHDOWK KD]DUGV WR KXPDQ DQG DOVR HIIHFWV
WKH IXQFWLRQLQJ RI WKH HFRV\VWHP� 7KHUHIRUH� DQ HXWURSKLFDWLRQ FRQWURO V\VWHP QHHG WR EH ODXQFKHG
LQ WKH ZDWHUVKHG� 7KH UHODWLRQVKLS EHWZHHQ HQYLURQPHQWDO FRQGLWLRQV DQG F\DQREDFWHULDO EORRPV LV
DOVR�GLVFXVVHG�
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7HFKQLFDO�8QLW�6XVWDLQDEOH�'HYHORSPHQW�DQG�,QQRYDWLRQ�RI�$JUR�LQGXVWU\�V\VWHP��87$*5,�(&2��(1($�
5RPD��,WDO\

7HFKQLFDO�8QLW�6XVWDLQDEOH�'HYHORSPHQW�DQG�,QQRYDWLRQ�RI�$JUR�LQGXVWU\�V\VWHP��87$*5,�(&2��(1($�
5RPD��,WDO\

7HFKQLFDO�8QLW�6XVWDLQDEOH�'HYHORSPHQW�DQG�,QQRYDWLRQ�RI�$JUR�LQGXVWU\�V\VWHP��87$*5,�(&2��(1($�
5RPD��,WDO\

7HFKQLFDO�8QLW�6XVWDLQDEOH�'HYHORSPHQW�DQG�,QQRYDWLRQ�RI�$JUR�LQGXVWU\�V\VWHP��87$*5,�(&2��(1($�
5RPD��,WDO\

7HFKQLFDO�8QLW�'HYHORSPHQW�RI�$SSOLFDWLRQV�RI�5DGLDWLRQV�'LDJQRVWLFV�DQG�0HWURORJ\�/DERUDWRU\��87$35$'�
',0���(1($��)UDVFDWL��,WDO\

7HFKQLFDO�8QLW�'HYHORSPHQW�RI�$SSOLFDWLRQV�RI�5DGLDWLRQV�'LDJQRVWLFV�DQG�0HWURORJ\�/DERUDWRU\��87$35$'�
',0���(1($��)UDVFDWL��,WDO\

7HFKQLFDO�8QLW�'HYHORSPHQW�RI�$SSOLFDWLRQV�RI�5DGLDWLRQV�'LDJQRVWLFV�DQG�0HWURORJ\�/DERUDWRU\��87$35$'�
',0���(1($��)UDVFDWL��,WDO\

7HFKQLFDO�8QLW�'HYHORSPHQW�RI�$SSOLFDWLRQV�RI�5DGLDWLRQV�'LDJQRVWLFV�DQG�0HWURORJ\�/DERUDWRU\��87$35$'�
',0���(1($��)UDVFDWL��,WDO\
�
.(<:25'6��/$6(5�,1'8&('�)/825(6&(1&(��63(&75$/�'(&2192/87,21��$/*$/�%/2206

3K\WRSODQNWRQ LV DQ LPSRUWDQW ELR�LQGLFDWRU RI JHQHUDO HFRORJLF VWDWXV RI ZDWHU ERGLHV�
&\DQREDFWHULD DUH FRPPRQ PHPEHUV RI WKH SODQNWRQ DQG XQGHU IDYRXUDEOH HQYLURQPHQWDO
FRQGLWLRQV FDQ TXLFNO\ PXOWLSO\ DQG IRUP EORRPV� 3RWHQWLDOO\ WR[LF F\DQREDFWHULD DUH SDUWLFXODUO\
DEXQGDQW LQ HXWURSKLF DQG WKHUPDOO\ VWDEOH ODNHV� 7KH LQFUHDVH LQ WKH WURSKLF VWDWXV RI /DNH 9LFR LV
IROORZHG E\ D VLJQLILFDQW JURZWK RI 3ODQNWRWKUL[ UXEHVFHQV�(YDOXDWLRQ RI LQ YLYR IOXRUHVFHQFH
FKORURSK\OO LV ZLGHO\ DFFHSWHG DV D SUR[\ RI SK\WRSODQNWRQ ELRPDVV� 7KH &RPSDFW DQG $GYDQFHG
ODVHU 63(FWURPHWH5 �&$63(5� SDWHQWHG E\ (1($� LV D SRUWDEOH IOXRUHVFHQFH VSHFWUDO V\VWHP IRU
WKH UHDO�WLPH DVVHVVPHQW RI VHQVLWLYH DTXDWLF FRPSRQHQWV� OLNH FKURPRSKRULF GLVVROYHG RUJDQLF
PDWWHU� SURWHLQV�OLNH FRPSRQHQWV� DOJDO SLJPHQWV� 7KH &$63(5 LQVWUXPHQW SURWRW\SH LV EDVHG RQ
GRXEOH ILOWUDWLRQ ��� DQG ���� �P� DQG ODVHUV H[FLWDWLRQ ���� DQG ��� QP� V\VWHP LQ RUGHU WR GHWHFW
ERWK GLVVROYHG DQG SDUWLFXODWH FRPSRQHQWV RI ZDWHUV� 7KH TXDQWLILFDWLRQ RI SKRWRV\QWKHWLF
SLJPHQWV� LQFOXGLQJ DFFHVVRU\ SK\FRELOLSURWHLQV� GHWHUPLQHV WKH FRQWULEXWLRQ RI HDFK WD[RQRPLF
JURXSV�7KH &$63(5 LQVWUXPHQW LV HTXLSSHG ZLWK DQ DG�KRF VRIWZDUH IRU VSHFWUDO DQDO\VLV� LQ RUGHU
WR FRQWULEXWH WR WKH PDUNHU SLJPHQWV DQG SK\WRSODQNWRQ JURXSV LGHQWLILFDWLRQ D VSHFWUDO
GHFRQYROXWLRQ SURFHGXUH EDVHG RQ ODERUDWRU\ DQG ILHOG PHDVXUHPHQWV ZDV GHYHORSHG� ,Q WKLV ZRUN
IUHVKZDWHU VDPSOHV IURP GLIIHUHQW GHSWKV �VXUIDFH� ������� P� KDYH EHHQ FROOHFWHG DQG DQDO\]HG
IURP 'HFHPEHU ���� WKURXJK 0DUFK ����� 7KH SUHVHQW UHVXOWV GHPRQVWUDWH WKH &$63(5
FDSDELOLW\ WR SURYLGH DQ HDUO\ ZDUQLQJ V\VWHP IRU KDUPIXO DOJDO EORRPV GHWHFWLRQ DQG HXWURSKLF
VWDWXV�RI�ZDWHU�ERGLHV�DVVHVVPHQW�
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,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

5HJLRQDO�$JHQF\�IRU�WKH�3URWHFWLRQ�RI�WKH�(QYLURQPHQW�RI�3LHGPRQW��$53$���,WDO\

'HSDUWPHQW�RI�&HOOXODU�DQG�(QYLURQPHQWDO�%LRORJ\��8QLYHUVLWj�GHJOL�6WXGL�GL�3HUXJLD��,WDO\

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\
�
.(<:25'6��:$7(5�/$.(6������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�������������������������������������0,&52&<67,1��3,('0217

$PRQJ WR[LQV SURGXFHG E\ &\DQREDFWHULD� PLFURF\VWLQ LV WKH PRVW IUHTXHQW DQG WR[LF� ,WV WKUHVKROG
YDOXH� LQGLFDWHG E\ WKH :+2 IRU GULQNLQJ ZDWHU� LV � �J�/� ,Q ,WDO\� PDQ\ ODNHV LQ GLIIHUHQW UHJLRQV
DUH DIIHFWHG E\ F\DQREDFWHULDO EORRPV DQG WKH PRUH ZLGHVSUHDG JHQHUD DUH 0LFURF\VWLV� $QDEDHQD
DQG 3ODQNWRWKUL[� DOO PLFURF\VWLQV SURGXFHUV� 3HRSOH FDQ EH H[SRVHG WR WR[LQV WKURXJK WKH LQJHVWLRQ
RI FRQWDPLQDWHG GULQNLQJ ZDWHU� EDWKLQJ� LQKDODWLRQ RI DHURVROV GXULQJ UHFUHDWLRQDO DFWLYLWLHV LQ WKH
DOJDO EORRP DUHD RU ZLWK WKH LQWDNH RI IRRGV SURFHVVHG ZLWK FRQWDPLQDWHG ZDWHU� 7KH H[SRVXUH WR
WR[LQV PD\ DIIHFW ILVKHV OLYLQJ LQ WKH EDVLQ DV ZHOO DV DQLPDOV ZKR GULQN ZDWHU FRQWDPLQDWHG ZLWK
PLFURF\VWLQV� 'XULQJ WKH VXPPHU ����� �� VDPSOHV RI ZDWHU IURP �� VPDOO PRUDLQLF ODNHV LQ WKH
XSSHU 7XULQ SURYLQFH ZHUH DQDO\]HG� 7KH VDPSOHV ZHUH SURFHVVHG XVLQJ WKH FRPPHUFLDO NLW WHVW
0\FURF\VWHVW �=HX�,QPXQRWHFK 6�/�� WKDW LV EDVHG RQ WKH LQKLELWLRQ RI SKRVSKDWDVH DFWLYLW\ E\ WKH
PLFURF\VWLQV� �� ZDWHU VDPSOHV ZHUH EHORZ TXDQWLILDEOH OLPLW RI FRPPHUFLDO NLW ����� �J�/�� IRU WKH
UHPDLQLQJ �� SRVLWLYH VDPSOHV� RQO\ � SUHVHQWHG YHU\ KLJK OHYHOV RI PLFURF\VWLQ ��� �J�/ HDFK��
ZKLOH WKH UHPDLQLQJ �� VKRZHG D FRQWDPLQDWLRQ OHYHO EHWZHHQ ���� �J�/ DQG ���� �J�/ �PHDQ ����
�J�/� 6' ������ 7KLV SUHOLPLQDU\ VWXG\ VKRZHG WKDW WKH PLFURF\VWLQV� HVSHFLDOO\ LQ VXPPHUWLPH�
PD\ EH SUHVHQW LQ ODNHV QRW LQFOXGHG LQ WKH QDWLRQDO PRQLWRULQJ SURJUDP DQG WKHVH UHVXOWV KLJKOLJKW
D�SRWHQWLDO�KD]DUG�WR�NHHS�XQGHU�FRQWURO�
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,VWDQEXO�8QLYHUVLW\��)DFXOW\�RI�)LVKHULHV��7XUNH\

8QLYHUVLW\�RI�3RWVGDP��,QVWLWXWH�RI�%LRFKHPLVWU\�DQG�%LRORJ\��'HSDUWPHQW�RI�0LFURELRORJ\��*HUPDQ\

,VWDQEXO�8QLYHUVLW\��)LVKHULHV�)DFXOW\��'HSDUWPHQW�RI�)UHVKZDWHU�%LRORJ\��7XUNH\

,VWDQEXO�8QLYHUVLW\��)LVKHULHV�)DFXOW\��'HSDUWPHQW�RI�)UHVKZDWHU�%LRORJ\��7XUNH\
�
.(<:25'6��0,&52&<67,6��0,&52&<67,1��.�o�.o(.0(&(�/$*221

.�F�NFHNPHFH /DJRRQ ORFDWHG LQ ,VWDQEXO PHWURSROLWDQ DUHD LV %�FODVV ZHWODQG DUHD� 'XH WR UDSLG
LQGXVWULDOL]DWLRQ DQG SRSXODWLRQ JURZWK� D VLJQLILFDQW GHWHULRUDWLRQ LQ ZDWHU TXDOLW\ KDV EHHQ
REVHUYHG� DQG DOPRVW HYHU\ \HDU EHWZHHQ -XQH WR 2FWREHU WR[LF DOJDO EORRPV PRVWO\ UHVXOWHG IURP
0LFURF\VWLV VSHFLHV KDYH EHHQ UHSRUWHG� (QYLURQPHQWDO IDFWRUV SOD\ DQ LPSRUWDQW UROH LQ WKH
SURGXFWLRQ RI PLFURF\VWLQV � 3DUWLFXODUO\� KLJK ZDWHU WHPSHUDWXUHV DQG FDOP ZHDWKHU VWLPXODWH WKH
EORRP RI 0LFURF\VWLV DQG FRQVHTXHQWO\ WKH SURGXFWLRQ RI PLFURF\VWLQV� ,W ZDV IRXQG WKDW PLFURF\VWLQ
ELQGV WR D QXPEHU RI SURWHLQV LQ YLYR DQG XQGHU KLJK OLJKW DQG R[LGDWLYH VWUHVV FRQGLWLRQV WKH
ELQGLQJ VWURQJO\ HQKDQFHG� ,Q .�o�NoHNPHFH /DJRRQ� VDPSOHV ZHUH FROOHFWHG DW WKH VXUIDFH� �P
DQG WKHQ DW �P LQWHUYDOV EHWZHHQ VXUIDFH DQG D GHSWK RI ��P DW UHJXODU PRQWKO\ LQWHUYDOV IURP
0DUFK ���� WR 0DUFK ���� LQ WKH JURZWK SHULRG RI 0LFURF\VWLV� 6DPSOHV ZHUH DQDO\]HG RQ D 3HUNLQ
(OPHU +3/& V\VWHP ZLWK SKRWRGLRGH DUUD\ GHWHFWLRQ �3'$� WR GHWHFW FHOO�ERXQG PLFURF\VWLQ�
+RZHYHU� WKH ZHVWHUQ�EORWWLQJ ZDV XVHG IRU WKH GHWHFWLRQ RI PLFURF\VWLQ LQ SURWHLQ IUDFWLRQV
$FFRUGLQJ WR RXU UHVXOWV� ERWK FHOO ERXQG PLFURF\VWLQ FRQFHQWUDWLRQ DQG SURWHLQ�ELQGLQJ PLFURF\VWLQ
VKRZHG DQ LQFUHDVH VLPXOWDQHRXVO\� $V D UHVXOW� ODFN RI FHOO�ERXQG PLFURF\VWLQ FRXOG EH UHODWHG WR
DQ�LQFUHDVH�LQ�PLFURF\VWLQ�ELQGLQJ�WR�SURWHLQV�
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*UDGXDWH�6FKRRO�RI�(QJLQHHULQJ��1DJDVDNL�8QLYHUVLW\��-DSDQ

*UDGXDWH�6FKRRO�RI�(QJLQHHULQJ��1DJDVDNL�8QLYHUVLW\��-DSDQ

)DFXOW\�RI�6FLHQFH�DQG�(QJLQHHULQJ��0HLVHL�8QLYHUVLW\��-DSDQ

'HSDUWPHQW�RI�/LIH�6FLHQFH��7R\R�8QLYHUVLW\��-DSDQ

&ROOHJH�RI�$UWV�DQG�6FLHQFHV��&HQWUDO�/X]RQ�6WDWH�8QLYHUVLW\��3KLOLSSLQHV

)DFXOW\�RI�)LVKHULHV�7HFKQRORJ\�DQG�$TXDWLF�5HVRXUFHV��0DHMR�8QLYHUVLW\��7KDLODQG

*UDGXDWH�6FKRRO�RI�(QJLQHHULQJ��1DJDVDNL�8QLYHUVLW\��-DSDQ

*UDGXDWH�6FKRRO�RI�(QJLQHHULQJ��1DJDVDNL�8QLYHUVLW\��-DSDQ

*UDGXDWH�6FKRRO�RI�(QJLQHHULQJ��1DJDVDNL�8QLYHUVLW\��-DSDQ
�
.(<:25'6��&<$12%$&7(5,$��0,&52&<67,1��%,25($&725

7R[LF F\DQREDFWHULDO EORRP KDV EHHQ RFFXUULQJ LQ HXWURSKLFDWHG ZDWHU ERGLHV� ZKLFK KDYH EHFRPH
FRQFHUQHG DV WR WKH F\DQRWR[LQ PLFURF\VWLQ� %LRUHDFWRU V\VWHPV XVLQJ VHYHUDO ELR�FDUULHUV KDYH
EHHQ VWXGLHG DV ORZ FRVW ZDWHU WUHDWPHQW V\VWHPV� KRZHYHU� OLWWOH LV NQRZQ WKH UHPRYDO
PHFKDQLVPV LQFOXGLQJ DGVRUSWLRQ DQG ELRGHJUDGDWLRQ� ,Q WKLV VWXG\� PLFURF\VWLQ UHPRYDO LQ
FKDUFRDO JUDQXOHV ZHUH GLVFULPLQDWHG DQG DVVHVVHG E\ D EHQFK VFDOH PRGHO UHDFWRU DQG SLORW VFDOH
UHDFWRU� 7KH UHVXOWV GHPRQVWUDWHG WKDW WKH FKDUFRDO KDG DQ HIIHFWLYH UHPRYDO RI PLFURF\VWLQ ZLWK
WKH &KORURSK\OO D UHPRYDO RI ��a���� DV ZHOO DV PLFURF\VWLQ UHPRYDO ZKHQ WKH +57 ZDV �a�KRXU�
7KH UHPRYDO LV UHODWHG WR +57� DQG ZKHQ VKRUWHQLQJ WKH +57� WKH UHPRYDO GHFUHDVHG� 0RUHRYHU�
WKH REVHUYDWLRQ RI SOHQW\ RI PLFURRUJDQLVPV VXFK DV 5RWLIHUV �3KLORGLQD VS�� DQG 3URWR]RD
�9RWLFHOOD 6S�� XQGHU PLFURVFRSH VXJJHVWHG WKDW WKH ELRGHJUDGDWLRQ RI PLFURF\VWLQ FRXOG RFFXU
ZLWKLQ FKDUFRDO FDUULHUV� &RUUHVSRQGLQJ WR WKH TXDQWLILFDWLRQ RI WKH WRWDO EDFWHULD� WKH WRWDO
F\DQREDFWHULD� POU$ JHQH �PLFURF\VWLQ GHJUDGDWLRQ HQ]\PDWLF JHQH� XVLQJ UHDO WLPH 3&5 RI '1$
VDPSOH H[WUDFWHG IURP FKDUFRDO DW WKH HQG RI H[SHULPHQW� LW VXJJHVWHG WKDW WKH FKDUFRDO FDUULHUV QRW
RQO\ DGVRUE PLFURF\VWLQ EXW DOVR VLPXOWDQHRXVO\ SOD\HG D UROH RQ D KDELWDW IRU PLFURRUJDQLVPV LQ
ZKLFK�0&�GHJUDGLQJ�EDFWHULD�PLJKW�H[LVW�DQG�ZRUN�
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1DJDVDNL�8QLYHUVLW\��-DSDQ

'HSDUWPHQW�RI�/LIH�6FLHQFH��7R\R�8QLYHUVLW\��-DSDQ

&ROOHJH�RI�$UWV�DQG�6FLHQFHV��&HQWUDO�/X]RQ�6WDWH�8QLYHUVLW\��3KLOLSSLQHV

)DFXOW\�RI�)LVKHULHV�7HFKQRORJ\�DQG�$TXDWLF�5HVRXUFHV��0DHMR�8QLYHUVLW\��7KDLODQG

*UDGXDWH�6FKRRO�RI�(QJLQHHULQJ��1DJDVDNL�8QLYHUVLW\��-DSDQ

)DFXOW\�RI�6FLHQFH��&KDLQJPDL�8QLYHUVLW\��7KDLODQG

)DFXOW\�RI�6FLHQFH�DQG�(QJLQHHULQJ��0HLVHL�8QLYHUVLW\��-DSDQ

*UDGXDWH�6FKRRO�RI�(QJLQHHULQJ��1DJDVDNL�8QLYHUVLW\��-DSDQ

*UDGXDWH�6FKRRO�RI�(QJLQHHULQJ��1DJDVDNL�8QLYHUVLW\��-DSDQ

0DOD\VLD�-DSDQ�,QWHUQDWLRQDO�,QVWLWXWH�RI�7HFKQRORJ\��0DOD\VLD�
�
.(<:25'6��$48$&8/785(�321'��72;<*(1,&�&<$12%$&7(5,$��0&<�*(1(

$TXDFXOWXUH SRQGV RI FDWILVK DQG WLODSLD LQ 7KDLODQG ZHUH VXUYH\HG WR REWDLQ WKH EDVLF LQIRUPDWLRQ
RI RFFXUUHQFH RI KDUPIXO F\DQREDFWHULD DQG F\DQRWR[LQV� 7KLV VWXG\ ZDV PHDQLQJIXO IURP WKH WZR
IDFHV� 2QH ZDV� RI FRXUVH� IURP D YLHZSRLQW RI WKH HYDOXDWLRQ RI WKH ULVN RI F\DQRWR[LQV LQ
DTXDFXOWXUH� 7KH RWKHU ZDV DV DQ HFRORJLFDO VWXG\ RI WR[LJHQLF F\DQREDFWHULD EHFDXVH ZH
VXUYH\HG YDULRXV VRUWV RI DTXDFXOWXUH SRQGV WKDW ZHUH RSHUDWHG XQGHU YDULRXV HQYLURQPHQWDO
FRQGLWLRQV� ,Q WKLV VWXG\� ZH HVSHFLDOO\ DQDO\]HG WKH UHODWLRQ EHWZHHQ WKH SUROLIHUDWLRQ RI WR[LJHQLF
F\DQREDFWHULD DQG HQYLURQPHQWDO FRQGLWLRQV VXFK DV QXWULHQWV� WHPSHUDWXUH DQG NLQGV RI FXOWXUHG
ILVK LQ DTXDFXOWXUH SRQGV� $V D UHVXOW� ZH IRXQG WKH IROORZLQJ FKDUDFWHUV� 7KH FXOWXUHG ILVK W\SH
�WLODSLD RU FDWILVK� GHWHUPLQHG WKH F\DQREDFWHULDO FRPPXQLW\ VWUXFWXUH� 7KH UDWLR RI FRS\ QXPEHU RI
PF\' JHQH LQ WRWDO 0LFURF\VWLV ZDV UHODWHG WR 1�3 UDWLR �7�1�7�3�� 7KH GHWHFWLRQ SUREDELOLW\ RI
PF\' LQ DTXDFXOWXUH SRQGV ZDV H[SODLQHG E\ XVLQJ D ORJLVWLF UHJUHVVLRQ ZLWK PDLQO\ 7�3�
)XUWKHUPRUH ZH QRWLFHG WKH GLIIHUHQFH RI DOWLWXGH RI DTXDFXOWXUH SRQGV WKDW UHIOHFWHG WKH DYHUDJH
WHPSHUDWXUH WR LQYHVWLJDWH WKH WHPSHUDWXUH HIIHFW IRU SUROLIHUDWLRQ RI F\DQREDFWHULD UHODWHG ZLWK
JOREDO�ZDUPLQJ�SUREOHP�
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8QLYHUVLW\�RI�WKH�3KLOLSSLQHV��4XH]RQ�&LW\��3KLOLSSLQHV
�
.(<:25'6��,125*$1,&�,216���:$7(5�48$/,7<�&5,7(5,$��3+,/,33,1(

7KH FRQFHQWUDWLRQV RI EURPLGH� FKORULGH� IOXRULGH� QLWUDWH� QLWULWH� VXOSKDWH� SKRVSKDWH� VRGLXP�
SRWDVVLXP� PDJQHVLXP DQG FDOFLXP LRQV LQ /DJXQD /DNH DQG LWV WULEXWDULHV ZHUH GHWHUPLQHG�
)LVKLQJ LV DQ LPSRUWDQW OLYHOLKRRG IRU WKH SHRSOH LQ WKH ODNH DUHD� +LJK FRQFHQWUDWLRQV RI LRQV
LQFOXGLQJ SKRVSKDWH FDXVH HXWURSKLFDWLRQ RI WKH ODNH� HQGDQJHULQJ WKLV LQGXVWU\� /DJXQD /DNH LV
DOVR FRQVLGHUHG D UDZ ZDWHU VRXUFH IRU GULQNLQJ ZDWHU SURGXFWLRQ� +HQFH� ODNH ZDWHU TXDOLW\
DVVHVVPHQW VKRXOG LQFOXGH FRQWDPLQDWLRQ RI NH\ LRQV� 7KH DQDO\VLV RI LRQV LQ ZDWHU ZDV GRQH
XVLQJ LRQ FKURPDWRJUDSK\�FRQGXFWLYLW\ GHWHFWLRQ� 0RVW RI WKH LRQV ZHUH LQ UHODWLYHO\ KLJK
FRQFHQWUDWLRQV LQ ZDWHUV QHDU XUEDQ DQG DJULFXOWXUDO DUHDV VXUURXQGLQJ WKH ODNH� $OWKRXJK QLWUDWH�
SKRVSKDWH DQG FKORULGH FRQFHQWUDWLRQV LQ WKH ODNH GLG QRW H[FHHG WKH &ODVV & ZDWHU TXDOLW\ FULWHULD
VWLSXODWHG LQ WKH 3KLOLSSLQH 'HSDUWPHQW RI (QYLURQPHQW DQG 1DWXUDO 5HVRXUFHV $GPLQLVWUDWLYH
2UGHU 1R� ��� KLJK FRQFHQWUDWLRQV RI WKH LRQV LQ WKH WULEXWDU\ ULYHUV SRVH D WKUHDW WR WKH ODNH� 7KH
PHDQ SKRVSKDWH FRQFHQWUDWLRQ LQ WKH ULYHUV� IRU H[DPSOH� LV QLQH WLPHV KLJKHU WKDQ LQ WKH ODNH� 7KH
PHDQ QLWUDWH FRQFHQWUDWLRQ LQ WKH ULYHUV LV ��� WLPHV KLJKHU WKDQ LQ WKH ODNH�7KHVH ULYHU ZDWHUV WKDW
IORZ WR WKH ODNH PD\ FDXVH ILVK NLOOV� 7LPH WUHQGV GDWD VKRZ KLJK FRQFHQWUDWLRQV RI LRQV GXULQJ GU\
VHDVRQ WKDQ LQ UDLQ\ VHDVRQ� 6SDWLDO WUHQGV GDWD VXJJHVW UDQGRP LQSXWV IURP GRPHVWLF GLVFKDUJHV�
LQGXVWULDO HIIOXHQWV DQG DJULFXOWXUDO UXQRIIV� 7KH LRQV FRQWDPLQDWLRQ LV PRUH HYLGHQW LQ WKH GHQVHO\
SRSXODWHG�ZHVWHUQ�VLGH�RI�WKH�ODNH�WKDQ�LQ�WKH�VSDUVHO\�SRSXODWHG�HDVWHUQ�VLGH�
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9�(��=XHY�,QVWLWXWH�RI�$WPRVSKHULF�2SWLFV��5XVVLD

/LPQRORJLFDO�,QVWLWXWH�RI�6LEHULDQ�%UDQFK�RI�5XVVLDQ�$FDGHP\�RI�6FLHQFHV��,UNXWVN��5XVVLD

9�(��=XHY�,QVWLWXWH�RI�$WPRVSKHULF�2SWLFV�RI�6LEHULDQ�%UDQFK�RI�5XVVLDQ�$FDGHP\�RI�6FLHQFHV��5XVVLD

/LPQRORJLFDO�,QVWLWXWH�RI�6LEHULDQ�%UDQFK�RI�5XVVLDQ�$FDGHP\�RI�6FLHQFHV���5XVVLD
�
.(<:25'6��&2��)/8;(6���/$.(�%$,.$/���',851$/�9$5,$7,21�

/DNH %DLNDO LV RQH RI WKH PRVW XQLTXH QDWXUDO HQYLURQPHQWV LQ 6LEHULD� 7KH SDSHU SUHVHQWV WKH
UHVXOWV RI D VWXG\ RI WKH JDV H[FKDQJH RI &2� EHWZHHQ WKH DWPRVSKHUH DQG WKH ZDWHU� ZKLFK DUH
REWDLQHG LQ WKH OLWWRUDO RI %DLNDO GXULQJ ��������� \HDUV� 7KH FDUERQ GLR[LGH FRQFHQWUDWLRQV ZHUH
PHDVXUHG DURXQG WKH FORFN LQ DWPRVSKHUH� WKH IORDWLQJ FKDPEHUDQG � HTXLOLEUDWRUV� XVLQJ RQH JDV
DQDO\]HU� &KHPLFDO DQDO\VLV RI WKH ZDWHU VDPSOHV FROOHFWHG HYHU\ WKUHH KRXUV DW WKH FKDPEHU
ORFDWLRQV ZDV FDUULHG RXW LQ WKH RQ�ODQG ODERUDWRU\� :H PHDVXUHG S+� FRQWHQW RI GLVVROYHG R[\JHQ�
ELFDUERQDWH� QLWUDWH DQG SKRVSKDWH� &KDQJHV LQ WKH FRQFHQWUDWLRQ RI &2� LQ ZDWHU DQG FDUERQ
GLR[LGH IOX[HV� UHVXOWLQJ IURP WKH SURFHVV RI SKRWRV\QWKHVLV SODQNWRQ DUH PRVW PDQLIHVW LQ WKH
GLXUQDO F\FOH� &DUERQ GLR[LGH HPLVVLRQ ZDV REVHUYHG IURP WKH ZDWHU VXUIDFH LQWR WKH DWPRVSKHUH
DW QLJKW� $W VXQULVH� WKLV IOX[ GHFUHDVHG DQG FKDQJHG GLUHFWLRQ� DQG LWV PD[LPDO IOX[ WR WKH ZDWHU
VXUIDFH ZDV UHFRUGHG DW ��� S�P� (YHQ LQ 'HFHPEHU �EHIRUH IUHH]LQJ�� ZKHQ WKH IOX[ ZDV GLUHFWHG
LQWR WKH DWPRVSKHUH GXULQJ WKH GD\� LWV YDOXH GHFUHDVHG EHIRUH VXQVHW� 7KLV ZRUN ZDV VXSSRUWHG E\
D JUDQW IURP WKH 5)%5 �3URMHFW �����������ɚ�� 3URJUDP RI WKH 'HSDUWPHQW RI (DUWK 6FLHQFHV RI
5$6ʋ���
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/LPQRORJLFDO�,QVWLWXWH��6LEHULDQ�%UDQFK�RI�WKH�5XVVLDQ�$FDGHP\�RI�6FLHQFHV

/LPQRORJLFDO�,QVWLWXWH��6LEHULDQ�%UDQFK�RI�WKH�5XVVLDQ�$FDGHP\�RI�6FLHQFHV�

/LPQRORJLFDO�,QVWLWXWH��6LEHULDQ�%UDQFK�RI�WKH�5XVVLDQ�$FDGHP\�RI�6FLHQFHV�
�
.(<:25'6��1875,(176���',662/9('�2;<*(1���/$.(�%$,.$/�

7R DVVHVV WKH ZDWHU TXDOLW\ RI /DNH %DLNDO LQ WKH REVHUYHG FOLPDWH FKDQJH DQG WKH DFWLYH
GHYHORSPHQW RI WKH FRDVWDO WRXULVP PRQLWRULQJ VWXGLHV RI WKH FKHPLFDO FRPSRVLWLRQ RI ZDWHU KHOG
IURP ����� /RQJ�WHUP REVHUYDWLRQV KDYH VKRZQ WKDW WKH FRQFHQWUDWLRQ RI QXWULHQWV LQFUHDVHV ZLWK
GHSWK DQG GRHV QRW H[FHHG ��� PJ 6L�O IRU VLOLFRQ� ���� PJ 1�O IRU QLWUDWHV DQG �� �J 3�O IRU
SKRVSKDWHV� 6HDVRQDO YDULDWLRQV RI WKH FRQWHQW RI ELRJHQLF HOHPHQWV RFFXU PDLQO\ LQ WKH XSSHU ���
P OD\HU� 7KH XQLTXH PHFKDQLVP RI UHQHZDO RI GHHS ZDWHU LQ VSULQJ DQG DXWXPQ OHDGV WR WKH
GHFUHDVH RI WKHLU FRQFHQWUDWLRQV LQ WKH ����P QHDU�ERWWRP OD\HU� 7KH FRQWHQW RI GLVVROYHG R[\JHQ
LV ���� PJ�O� WKH YDOXH RI R[\JHQ VDWXUDWLRQ RI WKH ZDWHU RI QHDU�ERWWRP OD\HU GRHV QRW GHFUHDVH
ORZHU WKDQ ���� 7KH FRQFHQWUDWLRQ RI QXWULHQWV LQ WKH GHHS ZDWHU RI WKH SHODJLF ]RQH RI WKH ODNH�
ZKLFK LV QRW XQGHUJRQH VHDVRQDO YDULDWLRQV� LV SUDFWLFDOO\ FRQVWDQW GXULQJ WKH ODVW �� \HDUV� 7KH
FRQFHQWUDWLRQV RI 1D�� &D��� 0J��� .�� ɇɋɈ�±� 62��±� &O� LQ WKH ZDWHU RI /DNH %DLNDO DUH
VWDEOH� 7KH FRQVWDQF\ RI WKH FRQWHQW LV FDXVHG E\ LQVLJQLILFDQFH RI WKH DQQXDO ZDWHU VLQN RI WKH
WULEXWDULHV LQ FRPSDULVRQ ZLWK WKH YROXPH RI WKH ZDWHU PDVV RI WKH ODNH� DV ZHOO DV LQWHQVLYH ZDWHU
H[FKDQJH LQ WKH ODNH� 7KH LQFUHDVH RI QXWULHQWV KDV REVHUYHG LQ WKH OLWWRUDO ]RQH LQ SODFHV ZKHUH
WRXULVP LV GHYHORSLQJ� 7KLV ZRUN ZDV VXSSRUWHG E\ D JUDQW IURP WKH 5)%5 �3URMHFW �����������ɚ��
3URJUDP�RI�WKH�'HSDUWPHQW�RI�(DUWK�6FLHQFHV�RI�5$6ʋ���
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/DERUDWRLUH�*p+&2��)UDQFH

8QLYHUVLWp�)UDQoRLV�5DEHODLV�GH�7RXUV��)UDQFH�

8QLYHUVLWp�)UDQoRLV�5DEHODLV�GH�7RXUV��)UDQFH�

8QLYHUVLWp�GH�%RUGHDX[���)UDQFH�

/DERUDWRLUH�GHV�6FLHQFHV�GX�&OLPDW�HW�GH�O¶(QYLURQQHPHQW��)UDQFH
�
.(<:25'6��)/22'�(9(17��32//87('�6(',0(176��6(',0(17�/$'(1�81'(5)/2:6

7KH 9LOOHUHVW IORRG�FRQWURO UHVHUYRLU ��� NP ORQJ� PD[LPXP �� GHHS DQG ��� 0P�� ZDV EXLOW LQ WKH
8SSHU /RLUH 5LYHU %DVLQ �)UDQFH� GXULQJ WKH HDUO\ ����¶V GRZQVWUHDP D YDULRXV WRSRJUDSKLFDO DQG
JHRORJLFDO EDVLQ ����� NPð� DQG GUDLQLQJ DQ LPSRUWDQW LQGXVWULDO DQG FRDO PLQLQJ DUHD� 7KLV
UHVHUYRLU� IXQFWLRQLQJ OLNH D ODNH� FRQVWLWXWHV DQ LPSRUWDQW WUDS RI VHGLPHQWV DQG DVVRFLDWHG
SROOXWDQWV VLQFH LWV RSHUDWLRQ LQ ����� $ ��� FP ORQJ FRUH ZDV VDPSOHG LQ ����� LQ WKH GHHSHVW
]RQH RI WKH UHVHUYRLU DQG VKRZV WKH LQIOXHQFH RI KLJK GLVFKDUJH HYHQWV LQ WHUPV RI VHGLPHQW
DFFXPXODWLRQ UDWH DQG SROOXWLRQ VWRUDJH� 'XULQJ GDP RSHUDWLRQ� ODFXVWULQH DJJUDGDWLRQ UDWH LV QRW
OLQHDU EHFDXVH RI WKUHH WXUELGLWLF�OLNH OD\HUV� 7KHVH � VHGLPHQWDU\ OD\HUV UHVXOW IURP VHGLPHQW�ODGHQ
XQGHUIORZV GXULQJ ����� ���� DQG ���� PDMRU IORRGV DQG FRQWULEXWH WR ��� RI WKH ��� NJ�P�ð
DFFXPXODWHG VHGLPHQWV VLQFH ����� 2YHU WKH ��������� SHULRG� VHGLPHQWV VKRZ D JHQHUDO EXW
OLJKW GHFRQWDPLQDWLRQ� +RZHYHU� VRPH FRQWDPLQDQW VROLG VRXUFHV DSSHDU WR EH RQO\ VROLFLWHG RU
VHYHUHO\ DPSOLILHG GXULQJ WKHVH PDMRU IORRGV ZLWK WKH KLJKHVW HQULFKPHQW IDFWRUV RI WKH VWXG\ SHULRG
�! �� IRU +J DQG !�� IRU &G DQG %L�� 'XULQJ LQWHUIORRG SHULRGV� WKHVH FRQWDPLQDWLRQ OHYHOV DUH
QHYHU UHDFKHG� ,Q DGGLWLRQ GXULQJ WKHVH IORRG HYHQWV� VHGLPHQWRORJLFDO DQG GHWULWDO VLJQDOV LQIOXHQFH
FRQWDPLQDQW�VLJQDOV�E\�D�YDULDEOH�GLOXWLRQ�HIIHFW��PD[LPXP�GXULQJ�WKH�LQFUHDVLQJ�GLVFKDUJH�VWDJH���
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PQG���#\DKRR�FR�LQ
�
.(<:25'6��$8'$��/$.(��$0/,�/$.(��0$.$5%$�/$.(��*(2&+(0,675<�3+<6,&2�&+(0,&$/

7KH IRFXV RI WKH VWXG\ ZDV RQ WKH VHDVRQDO YDULDWLRQ RI VHGLPHQW JHRFKHPLVWU\ DQG VRPH SK\VLFDO
SURSHUWLHV RI $POL DQG 0NDUED ODNHV RI $KPDGDEDG ±*XMDUDW� ZHVW FRDVW RI ,QGLD� IRU SHULRG RI WZR
\HDUV GXULQJ ���� � ����� 7KH ODNH LV ORDGHG PDLQO\ E\ WKH UDLQ ZDWHU DQG PXQLFLSDO VHZDJHV RI
$KPHGDEDG FLW\� 7KH PLQLPXP DQG PD[LPXP YDOXHV RI S+ YDULHG IURP ��� WR ��� UHVSHFWLYHO\
�YDULDWLRQ LQ (& ZDV ��� WR ���� PRK� &RQFHQWUDWLRQV RI QXWULHQWV YL]� 7RWDO 1LWURJHQ ���� WR ���
SSP�� 7RWDO SKRVSKRUXV UDQJHG EHWZHHQ ���� WR ���� �J�J� 7RWDO 2UJDQLF &DUERQ YDULHG IURP ����
� WR ���� � DQG WRWDO RUJDQLF 0DWWHU YDULHG IURP ����� WR ����� UHVSHFWLYHO\ LQ DOO WZR ODNHV�
5HVXOWV VKRZ WKDW JHRFKHPLFDO FRPSRVLWLRQ RI VHGLPHQW YDULHV VWURQJO\ ZLWKLQ WKH VXPPHU�
PRQVRRQ SHULRG� 7KH HOHPHQWV PLJUDWHG ZLWKLQ WKH VHGLPHQW OD\HU DQG FRQVLGHUDEOH DPRXQWV RI
HOHPHQW�H[FKDQJH�DFURVV�WKH�VHGLPHQW�ZDWHU�ZDV�REVHUYHG�

35(6(17$7,21�7<3(��25$/

���

��WK�:RUOG�/DNH�&RQIHUHQFH�������6HSWHPEHU�������3HUXJLD��,WDO\



06������&KHPLFDO�DQG�SK\VLFDO�SURFHVVHV

6W�3HWHUVEXUJ�6WDWH�8QLYHUVLW\��5XVVLD
�
.(<:25'6��)5(6+�:$7(56��',662/9('�25*$1,&�0$77(5��'20��,1�:$7(5��/2:�02/(&8/$5�25*$1,&�&203281'6

7KH DLP RI RXU VWXG\ LV WR GHILQH WKH TXDQWLWDWLYH DQG TXDOLWDWLYH FRPSRVLWLRQ RI WKH ORZ�PROHFXODU
RUJDQLF FRPSRXQGV LQ ZDWHU VDPSOHV FROOHFWHG IURP ODNHV DQG ULYHUV RI WKH /HQLQJUDG 5HJLRQ
�PDLQO\� WKH .DUHOLDQ ,VWKPXV DUHD� QRUWK�ZHVWHUQ (XURSHDQ SDUW RI 5XVVLD�� LQ RUGHU WR HYDOXDWH
WKH WURSKLF FRQGLWLRQV LQ WKHVH HFRV\VWHPV� 7KH PROHFXODU FRPSRVLWLRQ RI GLVVROYHG RUJDQLF
FRPSRXQGV LQ ZDWHU VDPSOHV FROOHFWHG IURP IRXU ODNHV DQG WKUHH ULYHUV ZDV DQDO\]HG E\ JDV
FKURPDWRJUDSK\�PDVV VSHFWURPHWU\ �*&�06� PHWKRG� $ERYH �� VXEVWDQFHV ZHUH LGHQWLILHG LQ WKH
ZDWHU ERGLHV XQGHU VWXG\� 7KHVH UHIHU WR WKH IROORZLQJ FODVVHV� SRO\DWRPLF DOFRKROV� FDUER[\OLF
DFLGV �ODFWLF� DFHWLF� PDOLF� FLWULF� VXFFLQLF� R[DOLF� ULERQLF� JOXFRQLF� DQG NHWRJOXFRQLF��
PRQRVDFFKDULGHV �DUDELQRVH� ULERVH� [\ORVH� JDODFWRVH� JOXFRVH� PDQQRVH� IUXFWRVH� HWF��� VRPH
GLVDFFKDULGHV� DQG PRQRVDFFKDULGH GHULYDWLYHV�$V GHPRQVWUDWHG� FDUERK\GUDWHV GRPLQDWH �E\
FRQFHQWUDWLRQ� WKH FKHPLFDO FRPSRVLWLRQ RI WKHVH ZDWHUV� 7KLV IDFW FRQILUPV WKH SUHGRPLQDQWO\
DXWRFKWKRQRXV RULJLQ RI WKH GLVVROYHG RUJDQLF PDWWHU LQ WKH ZDWHU ERGLHV� 7KH WUHQG RI DQ
LQFUHDVHGSHQWRVHV WR KH[RVHV UDWLR �L�H�� WKH UHODWLYH FRQWULEXWLRQ RI SHQWRVHV�� DJDLQVW WKH
GHFUHDVH LQ WRWDO FDUERK\GUDWHV FRQFHQWUDWLRQ� ZDV LGHQWLILHG� 7KLV UHJXODU SDWWHUQ LV GLVFXVVHG ZLWK
YLHZ RI LWV SRVVLEOH DSSOLFDWLRQ WR HYDOXDWLQJ SURGXFWLRQ DQG GHVWUXFWLRQ SURFHVVHV LQ WKH ZDWHU
ERGLHV� 6XFK HVWLPDWLRQV PD\ EH WDNHQ DV D EDFNJURXQG IRU HYDOXDWLQJ WKH OHYHO RI HFRV\VWHP
YXOQHUDELOLW\ WR KXPDQ LPSDFWV� ,W LV LPSRUWDQW� WKDW RXU UHVXOWV DUH QHHGHG IRU HODERUDWLRQ RI WKH
QDWXUDO ZDWHU TXDOLW\ FULWHULD DQG SURJUDPV RI WKH ZDWHU UHVRXUFHV PDQDJHPHQW�7KH GDWD REWDLQHG
VXSSOHPHQW VLJQLILFDQWO\ RXU NQRZOHGJH RI DTXDWLF HFRV\VWHPV IXQFWLRQLQJ IURP WKH SRLQW RI YLHZ
WKHLU�DELRWLF�FRPSRQHQW�

35(6(17$7,21�7<3(��25$/
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8QLYHUVLWj�GL�3HUXJLD��,WDO\

$53$�8PEULD��,WDO\

8QLYHUVLWj�GHJOL�6WXGL�GL�3HUXJLD��,WDO\

,1*9�29�1DSROL��,WDO\

,1*9�29�1DSROL��,WDO\

,53,�&15�3HUXJLD��,WDO\
�
.(<:25'6��/$.(�75$6,0(12��,62723(6��6$/,1,7<

/DNH 7UDVLPHQR LV D FORVHG ODNH� LWV DYHUDJH GHSWK LV DERXW � P DQG LWV OHYHO LV VWULFWO\ UHODWHG WR
WKH SUHFLSLWDWLRQ UHJLPH� 7KH PDLQ LQIORZV DUH SUHFLSLWDWLRQ RYHU WKH ODNH DQG VXUIDFH UXQRII� WKH
PDLQ RXWIORZ LV HYDSRUDWLRQ� 7KH KLVWRU\ RI /DNH 7UDVLPHQR LV VWULFWO\ UHODWHG WR WKH FKDQJHV RI WKH
FOLPDWLF FRQGLWLRQV DQG LV FKDUDFWHULVHG E\ VWURQJ YDULDWLRQV RI WKH ODNH OHYHO� $ORQJ ZLWK WKH
TXDQWLWDWLYH YDULDWLRQV� DOVR VRPH FKDQJHV LQ WKH TXDOLW\ RI ODNH ZDWHU RFFXUUHG� 7KH VDOLQLW\
LQFUHDVH LV WKH PRVW HYLGHQW FKDQJH LQ WKH ZDWHU TXDOLW\ GXULQJ WKH ODVW GHFDGHV� +HUH ZH SUHVHQW D
VHW RI PRQWKO\ FKHPLFDO DQG LVRWRSLF GDWD� FROOHFWHG IURP ���� WR ����� LQWHJUDWHG ZLWK SUHYLRXV
GDWD UHODWLYH WR WKH SHULRG ���������� LQ RUGHU WR DVVHVV �L� WKH PDLQ JHRFKHPLFDO SURFHVVHV� �LL�
WKH UHODWLRQV RI VHDVRQDO ZDWHU OHYHO FKDQJHV ZLWK WKH FKHPLFDO DQG LVRWRSLF FRPSRVLWLRQ DQG �LLL�
WKH SUHVHQFH RI ORQJ WHUP JHRFKHPLFDO WUHQGV� 'DWD DQDO\VLV SHUPLW WR VHSDUDWH VKRUW WHUP WUHQGV�
VWULFWO\ UHODWHG WR WKH VHDVRQDO DQG \HDUO\ YDULDWLRQV RI SUHFLSLWDWLRQ� IURP ORQJ WHUP WUHQGV WKDW DUH
FKDUDFWHULVHG E\ D SURJUHVVLYH LQFUHDVH RI GLVVROYHG ORDG DQG &O FRQWHQW DQG D SURJUHVVLYH FKDQJH
RI�WKH�LVRWRSLF�FRPSRVLWLRQ�RI�ODNH�ZDWHU�

35(6(17$7,21�7<3(��3267(5
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8QLYHUVLWj�GHJOL�6WXGL�GL�%UHVFLD��'HSDUWPHQW�RI�&LYLO�(QJLQHHULQJ��$UFKLWHFWXUH��/DQG��(QYLURQPHQW�DQG
0DWKHPDWLFV��,WDO\�

8QLYHUVLWj�GHJOL�6WXGL�GL�%UHVFLD��'HSDUWPHQW�RI�&LYLO�(QJLQHHULQJ��$UFKLWHFWXUH��/DQG��(QYLURQPHQW�DQG
0DWKHPDWLFV��,WDO\�
�
.(<:25'6��:$7(5�5(1(:$/�7,0(��675$7,),('�/$.(6��,17(5)/2:

7KH ZDWHU UHQHZDO WLPH RI D ODNH LV DQ LPSRUWDQW LQWHJUDWLYH LQGLFDWRU RI WKH UHQHZDO FDSDFLW\ RI D
ZDWHU ERG\� ,Q VSLWH RI LWV ZLGH XVH LQ OLPQRORJ\� LW LV W\SLFDOO\ FDOFXODWHG DV WKH UDWLR EHWZHHQ WKH
YROXPH RI WKH ZKROH EDVLQ DQG WKH ORQJ�WHUP WLPH DYHUDJH GLVFKDUJH RI ZDWHU SDVVLQJ WKURXJK WKH
ODNH� FRPSOHWHO\ QHJOHFWLQJ WKH PRVW UHOHYDQW K\GURG\QDPLF IHDWXUHV RI WKH ODNH� $FFRUGLQJO\� WKLV
UDWLR KDV D FOHDU PHDQLQJ RQO\ LQ VWURQJO\ LGHDOL]HG VLWXDWLRQV� ZKLOH LW FDQQRW UHSUHVHQW WKH DFWXDO
UHQHZDO FDSDFLW\ RI VWUDWLILHG ODNHV� HVSHFLDOO\ LI WKH\ GR QRW FRPSOHWHO\ PL[ RQ D UHJXODU DQQXDO
EDVLV� 7KLV ZRUN SUHVHQWV WKH HYROXWLRQ RI D VLPSOH PRGHO� UHFHQWO\ SURSRVHG LQ WKH OLWHUDWXUH� WR
HYDOXDWH WKH ZDWHU UHQHZDO WLPH� LQWHQGHG DV WKH WLPH DIWHU ZKLFK ��� RI WKH RULJLQDO ZDWHU PDVV LV
VWLOO SUHVHQW LQ D QDWXUDO VWUDWLILHG ODNHV� 7KH SURSRVHG PRGHO LV EDVHG RQ D PDVV EDODQFH RI WKH
ZDWHU LQLWLDOO\ SUHVHQW ZLWKLQ WKH ODNH� 7KLV EDODQFH SURYLGHV WKH DJH GLVWULEXWLRQ RI ZDWHU ZLWKLQ
VWUDWLILHG QDWXUDO ODNHV WDNLQJ LQWR DFFRXQW IXQGDPHQWDO DVSHFWV RI LWV PDVV H[FKDQJH DQG WKHUPDO
HYROXWLRQ� $OWKRXJK WKH PRGHO FDQ EH GLUHFWO\ XVHG IRU D SDUWLFXODU ODNH� ZH VKRZ WKDW LWV UHVXOWV FDQ
EH PDGH GLPHQVLRQOHVV� %\ ZRUNLQJ RXW WKH GLPHQVLRQDO UHVXOWV IRU D ZLGH VHW RI VLPXODWLRQV� D
GLPHQVLRQOHVV JUDSK FDQ EH REWDLQHG E\ ZKLFK D ILUVW RUGHU DSSUR[LPDWLRQ WR WKH UHVLGHQFH WLPH RI
ZDWHU LQ D ODNH FDQ EH REWDLQHG LQ D VWUDLJKWIRUZDUG IDVKLRQ� 7KH REWDLQHG UHVXOWV DUH XVHG WR
GLVFXVV�WKH�UHQHZDO�FDSDFLW\�RI�VRPH�GHHS�,WDOLDQ�SUHDOSLQH�ODNHV�

35(6(17$7,21�7<3(��25$/
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,QVWLWXWH�IRU�*HRORJLFDO�DQG�0LQLQJ�5HVHDUFK��&DPHURRQ

%DVLF�6\VWHPV�LQ�+\GURORJ\�'LYLVLRQ��:02��*HQHYD��6ZLW]HUODQG�

RNDL�8QLYHUVLW\��/DERUDWRU\�RI�9ROFDQRORJ\�DQG�*HRFKHPLVWU\��-DSDQ

&RQJR�+<&26�))(0�SURJUDP��&,&26��.LQVKDVD��'HPRFUDWLF�5HSXEOLF�RI�&RQJR

7RNDL�8QLYHUVLW\��/DERUDWRU\�RI�9ROFDQRORJ\�DQG�*HRFKHPLVWU\��-DSDQ
�
.(<:25'6��&$0(5221��(3,/,01,$��3+<6,&2�&+(0,675<

/DNHV DUH SHFXOLDU HQYLURQPHQWV KDYLQJ FRPSOH[ DQG IUDJLOH HFRV\VWHPV� ,Q VSLWH RI WKDW IUDJLOLW\�
WKH ODFXVWULQH V\VWHPV KDYH EHHQ SUHVHUYHG IRU FHQWXULHV� /DWHO\ KRZHYHU� KROGLQJ WR WKH DHVWKHWLF
�H�J�� VLJKWVHHLQJ�� UHFUHDWLRQDO �H�J�� SOHDVDQFH� DQG HFRQRPLF �H�J�� GRPHVWLF� LQGXVWULDO«�
EHQHILWV DVVRFLDWHG ZLWK ODNHV� KXPDQ EHLQJV KDYH SURJUHVVLYHO\� EXW LQFUHDVLQJO\ DQG H[WHQVLYHO\
LQWUXGHG WKHLU HQYLURQPHQWV� *LYHQ WKH JURZLQJ GHYHORSPHQW RI ODNHV�RULHQWHG DFWLYLWLHV DQG WKHLU
SRVVLEOH GDPDJHDEOH LPSDFWV� LW KDV EHFRPH QHFHVVDU\ WR SURWHFW DQG SUHVHUYH WKH ODFXVWULQH
HFRV\VWHPV� 7KLV LPSOLHV D VRXQG XQGHUVWDQGLQJ RI WKHLU K\GURORJ\� ELRORJ\� SK\VLFV DQG
FKHPLVWU\«� LQ EULHI� WKHLU G\QDPLF� &DPHURRQ KRVWV ! �� DUWLILFLDO DQG QDWXUDO ODNHV� 7KH ODUJHVW
DUWLILFLDO ODNH LV WKH /RP 3DQJDU GDP �XQGHU FRQVWUXFWLRQ� ZKLFK RFFXSLHV ��� NP�� ([FOXGLQJ /DNH
&KDG� WKH %DURPEL 0ER LV WKH ODUJHVW QDWXUDO ODNH ���� NP��� *HQHUDOO\� WKRVH ODNHV VHUYH IRU
PXOWLSOH SXUSRVHV� 8QIRUWXQDWHO\� EDVLF LQIRUPDWLRQ SHUPLWWLQJ WR DVVHVV WKH LPSDFW RI
DQWKURSRJHQLF DFWLYLWLHV RQ WKHP LV VFDUFH RU FRPSOHWHO\ ODFNLQJ� $FFRUGLQJO\� WKLV VWXG\ UHSRUWV WKH
SK\VLFR�FKHPLVWU\ RI �� QDWXUDO ODNHV WR VHUYH DV EDVH OLQH IRU IXWXUH HYDOXDWLRQ RI WKHLU VWDWXV� 7KH
SK\VLFDO SDUDPHWHUV VXJJHVW WKDW� DOPRVW DOO WKH ODNHV IHDWXUH VWUDWLILHG ZDWHU FROXPQV H[KLELWLQJ
VHYHUDO OD\HUV� WKH VWUXFWXUH RI ZKLFK YDULHG GDLO\ DQG�RU VHDVRQDOO\� 7KH HSLOLPQLD ZHUH
VLJQLILFDQWO\ 2��HQULFKHG ZKHUHDV WKH K\SROLPQHWLF ZDWHUV ZHUH JHQHUDOO\ DQR[LF� $QLRQV ZHUH
RYHUZKHOPLQJO\ GRPLQDWHG E\ +&2�� LPSO\LQJ DFLGLW\ IRU ZDWHU�URFN LQWHUDFWLRQ LV SURYLGHG VROHO\
E\ &2��DT�� &DWLRQV VXJJHVW WKDW WKH ODNH ZDWHUV FRXOG EH DVVRFLDWHG ZLWK D VSHFLILF W\SH RI
OLWKRORJ\��2YHUDOO��FD������RI�WKH�LQYHVWLJDWHG�ZDWHUV�ZHUH�RI�)H�0J�+&2���W\SH�

35(6(17$7,21�7<3(��25$/
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,QVWLWXWH�RI�%LRORJLFDO�6FLHQFHV�&ROOHJH�RI�$UWV�DQG�6FLHQFHV�8QLYHUVLW\�RI�WKH�3KLOLSSLQHV��/RV�%DQRV�
3KLOLSSLQHV�

,QVWLWXWH�RI�%LRORJLFDO�6FLHQFHV�&$6�83�/RV�%DQRV��3KLOLSSLQHV

,QVWLWXWH�RI�%LRORJLFDO�6FLHQFHV�&$6�83�/RV�%DQRV��3KLOLSSLQHV

,QVWLWXWH�RI�%LRORJLFDO�6FLHQFHV�&$6�83�/RV�%DQRV��3KLOLSSLQHV
�
.(<:25'6��/$.(�29(57851�����7$$/�/$.(���68/)85�83:(//,1*

$ OLPQRORJLFDO VWXG\ ZDV GRQH LQ WKH QRUWKHUQ EDVLQ RI 7DDO /DNH IURP 0D\ ���� WR )HEUXDU\
����� 7KH DLP ZDV WR GHWHUPLQH WKH SK\VLFR�FKHPLFDO FKDUDFWHULVWLFV RI WKH ODNH ZDWHU EHIRUH�
GXULQJ DQG DIWHU RFFXUUHQFH RI D ODNH RYHUWXUQ� DQG REVHUYH LWV HIIHFW RQ ILVK LQ IORDWLQJ ILVK FDJHV�
'DWD ZHUH FROOHFWHG IURP SHUPDQHQW DQG DG KRF VDPSOLQJ VWDWLRQV ZHUH WKH GDWD VRXUFHV IRU ZDWHU
TXDOLW\ �:4� LQVLGH DQG RXWVLGH RI ILVK FDJHV WKDW KDG DQG KDG QRW D KLVWRU\ RI ILVK NLOO RFFXUUHQFH�
3UH�ODNH RYHUWXUQ GDWD RI 'HFHPEHU ��� ���� � -DQXDU\ �� ���� LQ ILVK NLOO DQG QRQ�ILVK NLOO DUHDV RI
EDUDQJD\ 6DPSDORF JDYH WKH IROORZLQJ UDQJHV RI YDOXHV RI :4 SDUDPHWHUV� ZDWHU WHPSHUDWXUH
�:7�� ���� � ����R&� GLVVROYHG R[\JHQ �'2�� ���� ± ��� PJ�/� DQG DPPRQLD �1+�� � ± ���� PJ�/�
&RRO� VWURQJ YHORFLW\ ZLQGV �� ± � PSV� ZLWK ��GD\ GXUDWLRQ RQ -DQXDU\ �� ± ��� OHG WR
HVWDEOLVKPHQW RI D FRRO ��±���� PJ�/� 653� ��� ± ��� PJ�/� 6��� ���±��� PJ�/� DQG 62� �
����±���� PJ�/� 2Q )HEUXDU\ �� ZDWHUV LQ WKH 1( ODNH UHJLRQ KDG ILVKHV LQVLGH FDJHV PDQLIHVWLQJ
K\SHUYHQWLODWLRQ DW WKH VXUIDFH �JDWDZ� LQ ZDWHUV ZLWK '2� ��� ± ��� PJ�/� 1+�� ����� ± �����
PJ�/� 12�� ]HUR� VXOILGH� LQFUHDVLQJ ZLWK GHSWK DW � ± ��� PJ�/� 62� � LQFUHDVLQJ ZLWK GHSWK DW
���� ± ���� PJ�/� DQG 653� ��� ± ��� PJ�/� 7KH GDUN JUHHQ DQG EOXH�JUHHQ FRORUHG ]RQHV LQ WKH
1( ODNH TXDGUDQW ZHUH PDQLIHVWDWLRQV RI DQ RQJRLQJ ODNH RYHUWXUQ ZLWK VXOIXU XSZHOOLQJ� 1RQ�
FRORUHG ZDWHUV ZKHUH JDWDZ ILVKHV ZHUH REVHUYHG ZHUH SUREDEO\ DIIHFWHG E\ WKH ODNH RYHUWXUQ DQG
VXOIXU�XSZHOOLQJ���7KH�UHWXUQ�RI�QRUPDO�ODNH�FRQGLWLRQV�DUH�GHVFULEHG�LQ�WKH�SDSHU�

35(6(17$7,21�7<3(��25$/
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8QLYHUVLWj�GHJOL�6WXGL�GL�0LODQR��,WDO\

5(6���ULFHUFD�VXO�6LVWHPD�(QHUJHWLFR�6S$��,WDO\

8QLYHUVLWj�GHJOL�6WXGL�GL�0LODQR��,WDO\

5(6���ULFHUFD�VXO�6LVWHPD�(QHUJHWLFR�6S$��,WDO\

(ULGLR�6XE�$VVRFLDWLRQ��,WDO\

56(���5LFHUFD�6XO�6LVWHPD�(QHUJHWLFR�6S$���,WDO\
�
.(<:25'6��5('2;�327(17,$/��68/3+<'(6��0(520,&7,&�675$7,),&7,21

7KH SK\VLFR�FKHPLFDO SDUDPHWHUV RI ZDWHU RI WKH PHURPLFWLF VXEDOSLQH ODNH ,GUR �LQ WKH QRUWK RI
,WDO\� ZHUH LQYHVWLJDWHG E\ KDQGPDGH VHQVRUV� 0RQLWRULQJ FDPSDLJQV ZHUH GHYRWHG WR DVFHUWDLQ
WKH SURILOH RI VRPH FKHPLFDO SDUDPHWHUV RI WKH ODFXVWULQH ZDWHU DW GLIIHUHQW GHSWKV WR GHWHFW WKH
FKHPLFDO YDULDWLRQV GXULQJ VHDVRQV� $ FKDLQ RI FRSSHU DOOR\ �&X1L ������ ZDV LPPHUVHG DW GLIIHUHQW
GHSWKV LQ WKH ZDWHU GRZQ WR WKH ERWWRP RI WKH ODNH� LQ D SRLQW ZKHUH WKH ODNH GHSWK LV WKH PD[LPXP
���� P�� 7HPSHUDWXUH� S+� R[\JHQ FRQFHQWUDWLRQ DQG FRQGXFWLYLW\ ZHUH PHDVXUHG ZLWK D
FRPPHUFLDO PXOWL�SDUDPHWHUV SUREH� $ FRPELQHG VHQVRU IRU UHGR[ SRWHQWLDO DQG VXOSKLGH
FRQFHQWUDWLRQ� KDQGPDGH� ZDV XWLOL]HG� 7KH SURILOHV DFKLHYHG IURP WKH PXOWLSDUDPHWULF SUREH DQG
WKH KDQGPDGH VHQVRUV ZHUH LQ D JRRG DJUHHPHQW� XQGHUOL\LQJ YDULDWLRVQ LQ WKH PL[ROLPQLR� )URP
WKH PHDVXUHPHQW GRQH LQ 0D\ ����� WHPSHUDWXUH VKRZV D WKHUPRFOLQH VWDUWLQJ ULJKW DIWHU ��� P
GHHS ����&�� DQG ILQLVKLQJ DW DURXQG �� P ���&�� 7KH WHPSHUDWXUH UHPDLQHG IL[HG DW � �& GRZQ WR
WKH ERWWRP RI WKH ODNH DIWHU WKH WKHUPRFOLQH� 7KH UHGR[ SRWHQWLDO DQG WKH VXOSKLGH VHQVRUV VKRZHG
D VLPLODU EXW RSSRVLWH VLJPRLGDO EHKDYLRU� XQGHUO\LQJ D VXGGHQ LQIOH[LRQ DURXQG �� P� 7KH VXOSKLGH
VHQVRU VWDUWHG ZLWK YHU\ ORZ FRQFHQWUDWLRQV �KLJK SRWHQWLDO� QHDU WKH VXUIDFH� DQG YHU\ KLJK
FRQFHQWUDWLRQV XQGHU WKH UHGR[ WUDQVLWLRQ DW D GHSWK RI �� P� 2[\JHQ FRQFHQWUDWLRQ VKRZV WKH WRWDO
GHSOHWLRQ RI 2� MXVW EHIRUH WKH UHGR[ WUDQVLWLRQ� DURXQG �� P� 7KH RSHQ FLUFXLW SRWHQWLDO RI FRSSHU
DOOR\V� PHDVXUHG YHUVXV WKH VDPH $J�$J&O UHIHUHQFH HOHFWURGH XVHG IRU WKH VXOSKLGH
PHDVXUHPHQWV� YDULHG DV D IXQFWLRQ RI WKH R[\JHQ FRQFHQWUDWLRQ LQ WKH GLIIHUHQW ZDWHU OD\HUV DQG
VWDELOL]HG LQ WLPH LQ HDFK OD\HU �IURP ���� P9 GRZQ WR ���� P9 YV� $J�$J&O�� 7KH UHVXOWV LQGLFDWHG
WKDW� LQ GLIIHUHQW ZD\V� KDQGPDGH VHQVRUV FDQ EH FRVW HIIHFWLYH WRROV� DEOH WR JLYH LQVLJKW LQWR WKH
UHGR[ FRQGLWLRQV RI ZDWHU� $FNQRZOHGJPHQWV� )LQDQFLDO VXSSRUW E\ )6(�/RPEDUGLD� SURMHFW QXPEHU
�������LV�JUDWHIXOO\�DFNQRZOHGJHG�
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'HSDUWPHQW�RI�:DWHU�3URWHFWLRQ�(QJLQHHULQJ��)DFXOW\�RI�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�:DUPLD�DQG
0D]XU\��3RODQG

'HSDUWPHQW�RI�:DWHU�3URWHFWLRQ�(QJLQHHULQJ��)DFXOW\�RI�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�:DUPLD�DQG
0D]XU\��3RODQG

'HSDUWPHQW�RI�:DWHU�3URWHFWLRQ�(QJLQHHULQJ��)DFXOW\�RI�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�:DUPLD�DQG
0D]XU\��3RODQG

'HSDUWPHQW�RI�:DWHU�3URWHFWLRQ�(QJLQHHULQJ��)DFXOW\�RI�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�:DUPLD�DQG
0D]XU\��3RODQG
�
.(<:25'6��$/80,180��32//87,21��,1�/$.(�*5$',(176

7KLV VWXG\ KLJKOLJKWV WKH FRQWDPLQDWLRQ RI ODNH ZDWHU DQG UHFHQW ERWWRP VHGLPHQWV E\ DOXPLQXP LQ
WKH DEVHQFH RI DWPRVSKHULF SROOXWLRQ� )LHOG H[DPLQDWLRQV ZHUH FRQGXFWHG LQ ILYH VPDOO ����� KD�
ODNHV DIIHFWHG ZLWK PRGHUDWH DQWKURSRSUHVVXUH� FKDUDFWHUL]HG E\ D ORZ DONDOLQLW\ ��������
PYDO�GP�� DQG YDU\LQJ UHDFWLRQ �������� S+�� ORFDOL]HG LQ WKH 0DVXULDQ /DNH 'LVWULFW �3RODQG��
:DWHU VDPSOHV ZHUH WDNHQ IURP HDFK ODNH VXUIDFH� ERWWRP DQG QHDU�ERWWRP OD\HUV DQG LQWHUVWLWLDO
ZDWHU RI ���FP VHGLPHQWV FRUHV GLYLGHG LQWR �FP WKLFNQHVV VHFWLRQV� 7RWDO DOXPLQXP ZDV
GHWHUPLQHG VSHFWURSKRWRPHWULFDOO\ DIWHU PLQHUDOL]DWLRQ XVLQJ WKH HULRFKURPH F\DQLQH 5� 'LVVROYHG
$O ZDV PHDVXUHG DIWHU WKH ILOWHULQJ WKH VDPSOHV ZLWK ���� ȝP FHOOXORVH QLWUDWH ILOWHUV� ,Q ZDWHU� WKH
FRQFHQWUDWLRQ LQ WRWDO DOXPLQXP UDQJHG IURP ����� WR ����� PJ�/ DQG LQFUHDVHG ZLWK D GHFUHDVH LQ
ZDWHU DONDOLQLW\ DQG DQ LQFUHDVH LQ RUJDQLF PDWWHU� 'LVVROYHG DOXPLQXP FRQWHQW ������ ± �����
PJ�/� ZDV FOHDUO\ FRUUHODWHG ZLWK ZDWHU UHDFWLRQ �U ������ Q ���� ,Q VOLJKWO\ DFLGLF ODNHV� ULFK LQ
KXPLF VXEVWDQFHV� GLVVROYHG $O LQ SRUH ZDWHU ZDV DOZD\V ORZHU WKDQ LQ KH ZDWHU FROXPQ �XS WR
����� PJ�/�� 7KLV ZRXOG LQGLFDWH WKH VWDELOL]LQJ UROH RI VHGLPHQWV LQ WKH IRUPDWLRQ RI $O FLUFXLW LQ WKH
VRIW�ZDWHU ODNHV ZLWK G\VWURSK\ IHDWXUHV� 'HVSLWH KLJK FRQWHQW RI WRWDO DOXPLQLXP DW ORZ S+ �FORVH WR
RU ORZHU WKDQ ��� WKH VPDOO FRQFHQWUDWLRQV RI VROXEOH $O IRUPV UHFRUGHG LQ WKH ZDWHU RI H[DPLQHG
HFRV\VWHPV��
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8QLYHUVLW\�RI�3DUPD��'HSDUWPHQW�RI�/LIH�6FLHQFHV��,WDO\

8QLYHUVLW\�RI�3DUPD��'HSDUWPHQW�RI�/LIH�6FLHQFHV��,WDO\

8QLYHUVLW\�RI�3DUPD��'HSDUWPHQW�RI�/LIH�6FLHQFHV��,WDO\

8QLYHUVLW\�RI�3DUPD��'HSDUWPHQW�RI�/LIH�6FLHQFHV��,WDO\

8QLYHUVLW\�RI�3DUPD��'HSDUWPHQW�RI�/LIH�6FLHQFHV��,WDO\
�
.(<:25'6��,17(51$/�3+263+25286�/2$'��0(520,&7,&�/$.(��3+23+2586�%,2*(2&+(0,675<

3KRVSKRUXV LV FRQVLGHUHG D OLPLWLQJ QXWULHQW IRU SULPDU\ SURGXFWLRQ LQ ODNHV� ,QYHVWLJDWLRQV RQ
DQWKURSRJHQLF SKRVSKRUXV LQSXW WR ZDWHUVKHGV DUH WKHUHIRUH D NH\ LVVXH IRU ZDWHU TXDOLW\
PDLQWHQDQFH� 1HYHUWKHOHVV� LQ ODNH 3 UHF\FOLQJ FDQ EH DQ DGGLWLRQDO 3 VRXUFH WKDW PDJQLI\ WKH
LPSDFW RI H[WHUQDO ORDGV� 'HVSLWH LWV LPSRUWDQFH WKH LQWHUQDO 3 ORDG LV RIWHQ GLIILFXOW WR TXDQWLI\
EHFDXVH LW LV UHJXODWHG E\ D ODUJH DUUD\ RI ELRJHRFKHPLFDO PHFKDQLVPV� PDLQO\ RFFXUULQJ LQ WKH
VHGLPHQWV� ,Q IDFW� SKRVSKRUXV FDQ EH UHOHDVHG� WHPSRUDULO\ UHWDLQHG RU SHUPDQHQWO\ DFFXPXODWHG
RQ SDUWLFOHV GHSHQGLQJ RQ WKHLU FRPSRVLWLRQ DQG ZDWHU DQG VHGLPHQW FRQGLWLRQV �PDLQO\ UHGR[
VWDWH� S+� LURQ DQG VXOILGHV FRQFHQWUDWLRQV�� 7KH DLP RI WKLV VWXG\ ZDV WR TXDQWLI\ WKH LQWHUQDO 3
ORDG LQ D VXE�DOSLQH PHURPLFWLF ODNH �/DNH ,GUR� ,WDO\� DQG WR HOXFLGDWH WKH UHJXODWLQJ UROH RI
GLIIHUHQW ODNH FRPSDUWPHQWV DQG ELRJHRFKHPLFDO SURFHVVHV� :H DQDO\VHG VHDVRQDOO\ �ZLQWHU DQG
VXPPHU� WKH VHGLPHQWDU\ 3 SRROV DQG IOX[HV DFURVV WKH ZDWHU VHGLPHQW LQWHUIDFH LQ IRXU VLWHV
DORQJ D GHSWK JUDGLHQW� /LWWRUDO VHGLPHQWV ZHUH D JRRG 3 VLQN� ZKLOH WKH SURIRXQG EHQWKLF V\VWHP
FRQVWDQWO\ UHOHDVHV 3 WR WKH ZDWHU FRPSDUWPHQW� &RQVHTXHQWO\� WKH PRQLPROLPQLRQ ZDV D
VLJQLILFDQW UHVHUYH RI LQRUJDQLF UHDFWLYH 3� PRVWO\ GHULYHG IURP EDFWHULDO PLQHUDOL]DWLRQ LQ WKH
VHGLPHQW� +HUH� WKH SHUPDQHQW UHGXFLQJ FRQGLWLRQV H[KDXVWHG WKH LURQ 3�ELQGLQJ FDSDFLW\ DQG
PRVW RI WKH 3 ZDV ERXQG WR &D� 7KHVH UHVXOWV DUH FRPSDUHG ZLWK WKH H[WHUQDO ORDGLQJ HVWLPDWHG
WKURXJK D PDVV EDODQFH DSSURDFK �1$3,� WR GHILQH VRPH SRVVLEOH PDQDJHPHQW RSWLRQV DGGUHVVHG
WR�ODNH�UHFRYHU\�
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&KLOLND�'HYHORSPHQW�$XWKRULW\��,QGLD

&KLOLND�'HYHORSPHQW�$XWKRULW\��,QGLD

&KLOLND�'HYHORSPHQW�$XWKRULW\��,QGLD

&KLOLND�'HYHORSPHQW�$XWKRULW\��,QGLD

&KLOLND�'HYHORSPHQW�$XWKRULW\��,QGLD

&KLOLND�'HYHORSPHQW�$XWKRULW\��,QGLD

&KLOLND�'HYHORSPHQW�$XWKRULW\��,QGLD

&KLOLND�'HYHORSPHQW�$XWKRULW\��,QGLD
�
.(<:25'6��5,9(5�',6&+$5*(��1875,(17�)/8;��6+$//2:�%5$&.,6+�/$*221

7KH $VLD¶V ODUJHVW ODJRRQ� &KLOLND ZDV VWXGLHG DIWHU WKH VHYHUH F\FORQLF VWRUP ³3KDLOLQ´ �2FWREHU
����� IROORZHG E\ LQWHQVH IORRG� 3RVW�3KDLOLQ GDWD ZDV FRPSDUHG ZLWK WKH GDWD VHW FROOHFWHG EHIRUH
WKH F\FORQH� 3K\VLFRFKHPLFDO SDUDPHWHUV� QXWULHQWV �12��12�� 32�� 6L2�� �6HSWHPEHU DQG
2FWREHU RI ���� DQG ����� DQG VDOLQLW\ GDWD �0DUFK �����'HFHPEHU ����� ZDV DQDO\]HG WR
XQGHUVWDQG WKH LPSDFW RI ³3KDLOLQ´ LQ WKH K\GURORJ\ RI WKH HFRV\VWHP� 7KHUH ZDV D YHU\ VLJQLILFDQW
FKDQJH �$129$� S����� REVHUYHG LQ WKH VDOLQLW\ UHJLPH DV ZHOO DV LQ WKH QXWULHQWV SDUDPHWHUV DIHU
WKH &\FORQLF VWRUP� FRPSDUHG WR WKH SUHYLRXV PRQWK� 7KH DYHUDJH VDOLQLW\ RI WKH ODJRRQ DIWHU WKH
LQWHQVH IORRG ZDV UHFRUGHG WR EH WKH ORZHVW DV FRPSDUHG WR SDVW �� \HDUV� 7KH VDOLQLW\ RI VRXWKHUQ�
FHQWUDO VHFWRUV DQG RXWHU FKDQQHO GHFUHDVHG E\ ������ ����� DQG ����� UHVSHFWLYHO\� ZKHUHDV LQ
WKH QRUWKHUQ VHFWRU LW UHPDLQHG IDLUO\ VDPH FRPSDUHG WR WKH PRQWK MXVW EHIRUH WKH 3KDLOLQ� 7KHUH
ZDV DQ RYHUDOO LQFUHDVH LQ VLOLFDWH FRQFHQWUDWLRQ LQ WKH ODJRRQ DV WKH VLOLFDWH LQIOX[ IURP ULYHU
LQFUHDVHG E\ a��� WLPHV GXULQJ 2FWREHU ���� �������î��� PRO G��� WKDQ 6HSWHPEHU ����
������î��� PRO G���� 'HFOLQH LQ 12��12� DQGSKRVSKDWH FRQFHQWUDWLRQ ZDV DOVR REVHUYHG
WKURXJKRXW WKH ODJRRQ LQ FRPSDULVRQ WR WKH SUHYLRXV PRQWK ZKLFK FRXOG EH DWWULEXWHG WR WKH GLOXWLRQ
HIIHFW �5LYHU ZDWHU ZLWK ORZHU QXWULHQW FRQFHQWUDWLRQ� DV ZHOO DV DGVRUSWLRQ WR VHGLPHQW LQ ORZHU
VDOLQH FRQGLWLRQ LQ FDVH RI 3KRVSKDWH� (QYLURQPHQWDO FKDQJHV LQ IRUP RI GLYHUVLW\ 	 GLVWULEXWLRQ RI
VHD�JUDVV��PDFURSK\WHV�DQG�EHQWKLF�FRPPXQLW\�RQ�VSDWLDO�VFDOH�ZDV�DOVR�REVHUYHG��
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8QLYHUVLWj�GHJOL�6WXGL�GHOOD�%DVLOLFDWD��,WDO\

8QLYHUVLWj�GHJOL�6WXGL�GHOOD�%DVLOLFDWD��,WDO\

8QLYHUVLWj�GHJOL�6WXGL�GHOOD�%DVLOLFDWD��,WDO\

8QLYHUVLWj�GHJOL�6WXGL�GHOOD�%DVLOLFDWD��,WDO\

8QLYHUVLWj�GHJOL�6WXGL�GL�6DVVDUL��,WDO\
�
.(<:25'6��/$&8675,1(�6(',0(176��&+(0,&$/�$1'�0,1(5$/2*,&$/�$1$/<6(6��3(5786,//2�5(6(592,5

7KLV VWXG\ LV SDUW RI D PXOWLGLVFLSOLQDU\ �VHGLPHQWRORJLFDO� PLQHUDORJLFDO DQG JHRFKHPLFDO� 3K'
UHVHDUFK UHJDUGLQJ WKH ODFXVWULQH VHGLPHQWV IURP 3HUWXVLOOR UHVHUYRLU� D PDQPDGH ODNH OD\LQJ LQ
KLJK $JUL 9DOOH\ �%DVLOLFDWD� ,WDO\�� 6HYHUDO KXPDQ DFWLYLWLHV DUH LQ 3HUWXVLOOR ZDWHUVKHG LQFOXGLQJ
ZDVWH ZDWHU WUHDWPHQW SODQWV� ODQGILOOV� IDUPV� RLO DQG UHLQMHFWLRQ ZHOOV� D ILUVW WUHDWPHQW RLO SODQW�
SODVWLFV DQG RWKHU LQGXVWULHV� 6R� WKLV UHVHUYRLU LV D QDWXUDO ODERUDWRU\ IRU DVVHVVLQJ WKH VHGLPHQW
SROOXWLRQ IURP KXPDQ DFWLYLWLHV� :H VDPSOHG� 0HVR�&HQR]RLF URFNV� RXWFURSSLQJ RQ WKH OHIW DQG
ULJKW VLGHV RI WKH KLJK $JUL 9DOOH\� 4XDWHUQDU\ IOXYLDO�ODFXVWULQH GHSRVLWV� RXWFURSSLQJ LQ WKH
VXUURXQGLQJ DUHD RI WKH UHVHUYRLU� VWUHDP VHGLPHQWV RI WKH PDLQ 3HUWXVLOOR DIIOXHQWV� 4XDWHUQDU\
DQG VWUHDP VHGLPHQWV ZHUH VHSDUDWHG E\ ZHW VLHYLQJ LQ RUGHU WR FROOHFW RQO\ WKH SDUWLFOHV ZLWK VL]H
VPDOOHU WKDQ �� ȝP �VLHYH ��� $670�� 7KLV VDPSOH IUDFWLRQ ZDV ILUVW GULHG DQG WKHQ PLOOHG LQ D ULQJ
DJDWH PLOO WR REWDLQ D YHU\ ILQH SRZGHU VXLWDEOH IRU WKH FKHPLFDO DQG PLQHUDORJLFDO DQDO\VHV�
0LQHUDORJ\ ZDV DQDO\VHG IURP UDQGRPO\ RULHQWHG SRZGHUV UHFRUGHG DW ��±��� �ș �VWHS VL]H� �����
�ș� XVLQJ D 3KLOLSV ;¶3HUW 3:���� GLIIUDFWRPHWHU �&X�ȀĮ UDGLDWLRQ� �� N9� ��P$�� &KHPLVWU\
�PDMRU� PLQRU� WUDFH� DQG 5( HOHPHQWV� ZDV REWDLQHG RQ SRZGHUHG VDPSOHV DQDO\VHG E\ ,&3�06
WHFKQLTXH DIWHU D IRXU DFLGV GLJHVWLRQ DQG OLWKLXP PHWDERUDWH�WHWUDERUDWH IXVLRQ WR IDFLOLWDWH WKH
GHVWUXFWLRQ RI SRVVLEOH UHVLVWDWH PLQHUDOV� &KHPLFDO DQG PLQHUDORJLFDO GDWD DUH EHLQJ SURFHVVHG
DQG WKH\ ZLOO EH DYDLODEOH VRRQ� ,Q DGGLWLRQ� WKH FROOHFWLRQ RI FRUH VHGLPHQWV IURP 3HUWXVLOOR
UHVHUYRLU�ZDV�SODQQHG�DQG�LW�ZLOO�WDNH�SODFH�QH[W�PRQWKV�
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,QVWLWXW�6XSHULHXU�3HGDJRJLTXH�GH�%XNDYX��5�3�RI�WKH�&RQJR

'LYLVLRQ�RI�6RLO�DQG�ZDWHU�PDQDJHPHQW��.DWKROLHNH�8QLYHUVLWHLW�/HXYHQ��.8/HXYHQ���'HSDUWPHQW�RI�(DUWK
DQG�(QYLURQPHQWDO�6FLHQFHV���%HOJLXP

(DZDJ��6XUIDFH�:DWHUV���5HVHDUFK�DQG�0DQDJHPHQW��6ZLVV�)HGHUDO�,QVWLWXWH�RI�$TXDWLF�6FLHQFH�DQG
7HFKQRORJ\��6ZLW]HUODQG

3URWLVWRORJ\�DQG�$TXDWLF�(FRORJ\��'HSDUWPHQW�RI�%LRORJ\��*KHQW�8QLYHUVLW\��*KHQW��%HOJLXP

3URWLVWRORJ\�DQG�$TXDWLF�(FRORJ\��'HSDUWPHQW�RI�%LRORJ\��*KHQW�8QLYHUVLW\���*KHQW��%HOJLXP

(DZDJ��6XUIDFH�:DWHUV���5HVHDUFK�DQG�0DQDJHPHQW��6ZLVV�)HGHUDO�,QVWLWXWH�RI�$TXDWLF�6FLHQFH�DQG
7HFKQRORJ\��6ZLW]HUODQG

,QVWLWXWH�RI�*HRORJLFDO�6FLHQFHV�DQG�2HVFKJHU�&HQWUH�RI�&OLPDWH�&KDQJH�5HVHDUFK��8QLYHUVLW\�RI�%HUQ�
%HUQ��6ZLW]HUODQG

&KHPLFDO�2FHDQRJUDSK\�8QLW���8QLYHUVLW\�RI�/LqJH��/LqJH��%HOJLXP

'LYLVLRQ�RI�6RLO�DQG�ZDWHU�PDQDJHPHQW��.DWKROLHNH�8QLYHUVLWHLW�/HXYHQ��.8/HXYHQ���'HSDUWPHQW�RI�(DUWK
DQG�(QYLURQPHQWDO�6FLHQFHV��%HOJLXP

/DERUDWRU\�RI�)UHVKZDWHU�(FRORJ\��85%(��'HSDUWPHQW�RI�%LRORJ\��8QLYHUVLW\�RI�1DPXU��%HOJLXP
�
.(<:25'6��/$.(�.,98��3$57,&8/$7(�25*$1,&�0$77(5��(19,5210(17$/�&+$1*(6

6LWXDWHG LQ WKH :HVWHUQ EUDQFK RI WKH (DVW�$IULFDQ ULIW ]RQH� /DNH .LYX LV D ODUJH PHURPLFWLF ODNH
O\LQJ LQ D WHFWR�YROFDQLF DFWLYH UHJLRQ EHWZHHQ 5ZDQGD DQG WKH 'HPRFUDWLF 5HSXEOLF RI WKH &RQJR�
7KH OLPQRORJ\ RI WKH ODNH LV VLJQLILFDQWO\ LQIOXHQFHG E\ WKH DFWLYLW\ RI VXEDTXDWLF VSULQJV EULQJLQJ
VDOWV� GLVVROYHG JDVHV DQG KHDW LQWR LWV GHHS ZDWHUV� 3UHYLRXV VWXGLHV KDYH UHYHDOHG D a���� \UV
ROG JHRORJLFDO HYHQW UHODWHG WR YROFDQLVP WKDW PRGLILHG WKH ODNH¶V SHUPDQHQW VWUDWLILFDWLRQ� 2XU
VWXG\ DLPV WR UHSRUW WKH G\QDPLFV RI WKH OLPQRORJ\ DQG ELRJHRFKHPLVWU\ RI WKH ODNH VLQFH WKHQ�
XVLQJ VHGLPHQWDU\ UHFRUGV RI VWDEOH LVRWRSH WRROV DV ZHOO DV SLJPHQW DQG OLSLG ELRPDUNHU SUR[LHV�
5HVXOWV LQGLFDWH WKDW WKH ODNH KDV XQGHUJRQH D FRQVWDQW VWUHQJWKHQLQJ RI WKH WKHUPRKDOLQH
VWUDWLILFDWLRQ VLQFH WKH PL[LQJ HYHQW GXH WR� ��� FRQWLQXRXVO\ LQFUHDVLQJ LQSXWV RI VDOLQH
K\GURWKHUPDO VSULQJV� ��� GHFUHDVLQJ VXUIDFH VDOLQLW\ E\ LQFUHDVHG VXUIDFH UXQRIIV� DQG ��� PRUH
UHFHQW ZDUPLQJ RI WKH QHDU�VXUIDFH ZDWHU E\ FOLPDWH FKDQJH� +LJKHU GHJUDGDWLRQ RI RUJDQLF PDWWHU
GXULQJ WKH GLDJHQHVLV RI WKH VHGLPHQWDU\ PDWHULDO KDV EHHQ REVHUYHG LQ \RXQJ VHGLPHQWV� 7KH
FDUERQDWH JHRFKHPLVWU\ LQGLFDWHV DOWHUQDWLQJ SHULRGV RI FDUERQDWH SUHVHUYDWLRQ LQ WKH VHGLPHQWV
DQG�SHULRGV�RI�UHGLVVROXWLRQ�
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,VWDQEXO�8QLYHUVLW\��)LVKHULHV�)DFXOW\��7XUNH\

,VWDQEXO�8QLYHUVLW\��)LVKHULHV�)DFXOW\��7XUNH\
�
.(<:25'6��.�o�.o(.0(&(�/$.(��6(',0(17��325(�:$7(5

1XWULHQWV LQ VHGLPHQW SRUH ZDWHU IURP .�o�NoHNPHFH /DNH ZHUH LQYHVWLJDWHG LQ WKLV VWXG\�
6HGLPHQW VDPSOHV ZHUH FROOHFWHG DW IRXU VWDWLRQV ZLWK D .DMDN FRUH RQ D PRQWKO\ EDVLV IURP
2FWREHU ���� WR )HEUXDU\ ����� $YHUDJH 7RWDO 1LWURJHQ �71� DQG 7RWDO 3KRVSKRUXV �73� FRQWHQWV
RI WKH SRUH ZDWHU ZHUH PHDVXUHG DV ��� PJ O�� DQG ��� PJ O�� LQ WKH GHHS VWDWLRQ� UHVSHFWLYHO\� 2Q
WKH RWKHU KDQG� DYHUDJH FRQFHQWUDWLRQV RI WKHVH QXWULHQWV ZHUH �� PJ O�� DQG ���� PJ O�� LQ WKH
VKDOORZ VWDWLRQV� UHVSHFWLYHO\� 'HHS VWDWLRQ KDV DQR[LF FRQGLWLRQ DQG KLJKHU YDOXHV ZHUH PHDVXUHG
LQ WKLV VWDWLRQ FRPSDULQJ WR VKDOORZ RQHV� 6WDWLVWLFDO GLIIHUHQFHV ZHUH REVHUYHG EHWZHHQ WKH GHHS
DQG VKDOORZ VWDWLRQV IRU WKH QXWULHQWV� KRZHYHU QR GLIIHUHQFHV ZHUH UHFRUGHG LQ WKH SK\VLFDO
SDUDPHWHUV��ȡ
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81(6&2�&KDLU�:DWHU�5HVRXUFHV�0DQDJHPHQW�DQG�&XOWXUH��8QLYHUVLW\�)RU�)RUHLJQHUV�3HUXJLD��3HUXJLD�
,WDO\��

1LFFROz�&XVDQR�8QLYHUVLW\��5RPH��,WDO\

'HS��RI�&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��8QLYHUVLW\�RI�3HUXJLD��3HUXJLD��,WDO\

1LFFROz�&XVDQR�8QLYHUVLW\��5RPH��,WDO\
�
.(<:25'6��+<'52/2*,&$/�%$/$1&(��%$6,1�0$1$*(0(17��(;75(0(�(9(176

0DQDJHPHQW RI ZDWHU UHVRXUFHV LQ FRPSOH[ HQYLURQPHQWDO V\VWHPV LQFOXGLQJ ODNHV RU UHVHUYRLU�
UHTXLUHV DGYDQFHG K\GURORJLFDO PRGHOOLQJ WR IRUHFDVW PDLQ VWDWH SDUDPHWHUV �OHYHOV� YROXPHV�
WHPSHUDWXUH� SROOXWLRQ OHYHO� «� DQG LPSDFWV RI KXPDQ DFWLYLWLHV RQ WKH QDWXUDO FRQWH[W� ,Q WKLV ZRUN
DQ RSHQVRXUFH FRPSXWDWLRQDO PRGHO LV DSSOLHG DQG WHVWHG WR D W\SLFDO ,WDOLDQ ODNH HQYLURQPHQW� WKH
%ROVHQD ODNH� ZKHUH VXUIDFH IORZV� GHHS IORZV� GLUHFW ORVVHV IURP WKH ODNH VXUIDFH� WKH ODNH
UHJXODWLRQ YROXPH� DQG DQWKURSLF XVHV �GUDZLQJ IURP DQG GLVFKDUJLQJ LQWR WKH ODNH� DUH MRLQWO\
LQYROYHG � %ROVHQD /DNH� ORFDWHG LQ QRUWKHUQ /D]LR� WKH ODUJHVW YROFDQLF ODNH LQ (XURSH� LV D VRXUFH
RI ERWK HQYLURQPHQWDO DQG HFRQRPLF ZHDOWK IRU WKH QHLJKERULQJ DUHD� GUDZLQJ WRXULVWV DQG
SURYLGLQJ GULQNLQJ DQG LUULJDWLRQ ZDWHU� 5HFHQWO\ WKH V\VWHP¶V K\GUDXOLF VWDWH KDV XQGHUJRQH
PRPHQWV RI XQEDODQFH� GXH WR WKH DOWHUQDWLRQ RI GURXJKW DQG IORRG SHULRGV VWDUWLQJ LQ WKH HDUO\
����V ZKLFK KDYH OHG WR QRW QHJOLJLEOH FRQVHTXHQFHV IURP K\GURORJLFDO �GHFUHDVHG IORZ RI VRPH
VSULQJV LQ WKH K\GURJHRORJLFDO EDVLQ DQG WRZDUG WKH RXWOHW� LQXQGDWLRQ RI IDFLQJ YLOODJHV� DQG
VRFLHWDO SRLQW RI YLHZV� 7KH FRPSOH[LW\ RI WKH K\GURJHRORJLFDO DQG DQWKURSLF V\VWHP DQG WKH FXUUHQW
WHFKQLFDO�VFLHQWLILF UHOHYDQFH RI WKH ODWHVW ZDWHU HPHUJHQFLHV RFFXUULQJ DW WKH ODNH� SXW LQ HYLGHQFH
WKH QHHG RI D VROLG SODQ WR PDQDJH DOO GLIIHUHQW H[WUHPH VFHQDULRV WKDW FDQ DIIHFW WKH ODNH EDVLQ�
7KHUHIRUH DQ LQVWUXPHQW RI EDVLQ�ODNH DQG ODNH�ULYHU PDQDJHPHQW DQG VLPXODWLRQ LV QHFHVVDU\ IRU
PLWLJDWLQJ�WKH�H[WUHPH�YDOXHV�RI�WKH�OHYHOV�DQG�IORZV�DQG�IRU�FRQWUROOLQJ�ODNH�ZDWHU�TXDOLW\�

35(6(17$7,21�7<3(��25$/
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6DSLHQ]D�8QLYHUVLWj�GL�5RPD��5RPH��,WDO\

+�&8���6DSLHQ]D�8QLYHUVLWj�GL�5RPD��5RPH��,WDO\

+�&8���6DSLHQ]D�8QLYHUVLWD
�GL�5RPD��5RPH��,WDO\
�
.(<:25'6��)/2:�'85$7,21�&859(6��+<'5232:(5��5(6(592,5

)ORZ GXUDWLRQ FXUYHV HVWLPDWLRQ LV IXQGDPHQWDO WR GHVLJQ D K\GURSRZHU VWDWLRQV� 7KHVH FXUYHV
UHSUHVHQW DOO IORZV RFFXUUHG LQ D VSHFLILF SHULRG� UDQNHG IURP WKH ORZHVW WR WKH KLJKHVW� 7KH\ SHUPLW
WR GHVLJQ K\GURHOHFWULF V\VWHPV FRSLQJ ZLWK H[WUHPH IORZV� RSHUDWLQJ HIILFLHQWO\ LQ WKH PHGLXP
UDQJH RI IORZV ZKLOH RYHU 4�� YDOXHV �L�H� µORZ IORZV¶� RSHUDWLQJ DW D ORZ SRZHU RXWSXW� ,Q XQJDXJHG
EDVLQV IORZ GXUDWLRQ FXUYHV HYDOXDWLRQ UHPDLQV DQ RSHQ LVVXH� VSHFLILFDOO\ IRU VPDOO EDVLQV ZKHUH
FDOLEUDWLRQ GDWD DUH VSDUVH DQG UHIHU WR ODUJH FDWFKPHQWV VFDOHV� ,Q WKLV ZRUN� D JUDSKLFDO
UHJLRQDOL]DWLRQ DSSURDFK EDVHG RQ WKH IORRG LQGH[ PHWKRG RI IORZ GXUDWLRQ FXUYHV LV SURSRVHG� ,W
FRPELQHV D UHJLRQDO GLPHQVLRQOHVV IORZ GXUDWLRQ FXUYH ZLWK D GLUHFW PHWKRG WR HVWLPDWH WKH IORRG
LQGH[� 7R FRPSXWH WKH IORRG LQGH[� LQVWDQWDQHRXV IORZ PHDVXUHPHQWV DW D VSHFLILF VLWH DUH
V\QWKHWLFDOO\ JHQHUDWHG DQG WKHQ� WKHLU PHDQ YDOXH LV HVWLPDWHG� $Q RSWLPL]DWLRQ VWXG\ WR GHILQH WKH
PLQLPXP QXPEHU RI LQVWDQWDQHRXV PHDVXUHV� QHFHVVDU\ WR REWDLQ D JRRG DJUHHPHQW EHWZHHQ
REVHUYHG DQG VLPXODWHG FXUYHV� LV GHYHORSHG� $ MDFN NQLIH SURFHGXUH LV XVHG WR VLPXODWH WKH
XQJDXJHG EDVLQV FDVH� ,Q WKH SURSRVHG SDSHU� WKH PHWKRGRORJ\ LV WHVWHG RQ D KRPRJHQHRXV
UHJLRQ�ORFDWHG�LQ�FHQWUDO�,WDO\�

35(6(17$7,21�7<3(��25$/
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6DSLHQ]D´�8QLYHUVLW\�RI�5RPH��5RPH��,WDO\

6DSLHQ]D´�8QLYHUVLW\�RI�5RPH��5RPH��,WDO\

6DSLHQ]D´�8QLYHUVLW\�RI�5RPH��5RPH��,WDO\
�
.(<:25'6��+<'52/2*,&$/�%$/$1&(���$/%$12�+,//6

/D]LR LV RQH RI WKH �� DGPLQLVWUDWLYH UHJLRQV RI ,WDO\� VLWXDWHG LQ WKH FHQWUDO SHQLQVXODU VHFWLRQ RI WKH
FRXQWU\� ,Q WKLV UHJLRQ WKHUH DUH VHYHUDO VLWXDWLRQV RI ZDWHU FULVLV� DQG WKH PRVW FRPSURPLVHG
VLWXDWLRQV DUH ZHOO NQRZQ DQG LQFOXGH IRU H[DPSOH WKH DTXLIHUV RI WKH YROFDQLF GLVWULFWV DQG WKH
FRDVWDO DTXLIHUV� DPRQJ WKH PRVW FRPSOH[ DQGFRPSURPLVHG VLWXDWLRQV WKHUH DUH WKH $OEDQ +LOOV� D
YROFDQLF FRPSOH[ VLWXDWHG LQ WKH VRXWKHDVW RI 5RPH�)DFWRU DV ZDWHU ZLWKGUDZDOV� OHVV UDLQIDOO�
FKDQJLQJ LQ ODQG XVHV� KDYH DOWHUHG WKH EDODQFH RI WKH K\GURORJLFDO V\VWHPV RI WKLV DUHD� ZLWK
WURXEOLQJ HIIHFWV RQ WKH TXDQWLW\ DQG TXDOLW\ RI ZDWHU UHVRXUFHV� ,W LV ZHOO NQRZQ WKDW LQ WKLV DUHD WKH
KLJK DV LQGLVFULPLQDWH XVH RI ZDWHU UHVRXUFHV RYHU WKH ODVW WZHQW\ \HDUV KDYH EURXJKW ORZHULQJ RI
SLH]RPHWULF VXUIDFH� FRQWLQXRXV ODNHV OHYHO ORZHULQJ� WKH GU\LQJ XS RI PDQ\ ZHOOV DQG VSULQJV� DQ
RYHUDOO QHW GHFUHDVH LQ WKH ULYHU IORZ RULJLQDWHG IURP WKH YROFDQLF DUHD VORSHV� 7KHVH HYHQWV�
WRJHWKHU ZLWK WKH HYLGHQFH RI WKH GHSOHWLRQ RI DTXLIHUV� PDNH XUJHQW FRRUGLQDWHG DFWLRQ DQG VSHFLILF
VWXGLHV IRU WKH TXDQWLILFDWLRQ DQG PDQDJHPHQW RI ZDWHU ZLWKGUDZDOV�,Q WKLV PHPRU\ ZH SUHVHQW WKH
SDUWLFXODU VLWXDWLRQ RI WKH $OEDQR¶V ODNH� LQYHVWLJDWLQJ WKH K\GURORJLFDO EDODQFH RI WKH VLWH WKURXJK
WKH \HDUV� WU\LQJ WR IRFXV RQ WKH EDODQFH IDFWRUV WKDW KDYH EURXJKW WKH K\GURORJLFDO FULVLV LQ RUGHU WR
LQGLYLGXDWH�SRVVLEOH�IXWXUH�DFWLRQV�WR�PLWLJDWH�WKH�ZDWHU�FULVLV�SUREOHP�
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'HSDUWPHQW�RI�&LYLO��&RQVWUXFWLRQDO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��³6DSLHQ]D´�8QLYHUVLW\�RI�5RPH��5RPH�
,WDO\

'HSDUWPHQW�RI�&LYLO��&RQVWUXFWLRQDO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��³6DSLHQ]D´�8QLYHUVLW\�RI�5RPH��5RPH�
,WDO\

'HSDUWPHQW�RI�&LYLO��&RQVWUXFWLRQDO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��6DSLHQ]D´�8QLYHUVLW\�RI�5RPH��5RPH�
,WDO\
�
.(<:25'6��$17+523,=$7,21��85%$1,=$7,21��:$7(5�5(&+$5*(

7KH PRGLILFDWLRQV JHQHUDWHG E\ KXPDQ EXLOGLQJV RYHU QDWXUDO HQYLURQPHQW SURGXFH FKDQJHV RYHU
K\GURORJLFDO DQVZHUV RI WKH VDPH EDVLQV� ,Q WKH ODVW GHFDGHV XUEDQL]DWLRQ FKDQJHG ODUJHO\ ODQG
XVH� JHQHUDWLQJ ELJ LPSHUPHDEOH DUHDV WKDW LPSDFWV RYHU ZDWHU IORZ DQG DTXLIHU UHFKDUJH� 'LIIHUHQW
GLVWULEXWLRQV RI EXLOGLQJV� VWUHHWV� DQG LQGXVWULDO DUHDV ZLOO DOVR JHQHUDWH GLIIHUHQW DQVZHUV RI WKH
K\GUDXOLF V\VWHP� 8VLQJ D GLJLWDO HOHYDWLRQ PRGHO �'(0� IRU WKH DUHD DQG GLIIHUHQW &XUYH 1XPEHU
PDWUL[ LW LV SRVVLEOH WR FUHDWH YDULRXV VHW RI GDWD� VWDUWLQJ IURP VHYHUDO ORFDWLRQ RI EXLOGLQJ RYHU WKH
EDVLQ� WR GLIIHUHQW GLVWULEXWLRQ RI XUEDQ IDEULF � KLJK GHQVLW\ RU VFDWWHUHG� $QRWKHU SDUDPHWHU WKDW KDV
EHHQ FKDQJHG LV WKH VRLO JHRORJ\ LQ RUGHU WR H[WHQG WKH UHVXOWV RI WKH VWXG\ WR GLIIHUHQW DUHDV� 7KH
JRDO RI WKH VWXG\ LV WR LPSURYH WKH NQRZOHGJH RI WKH K\GUDXOLF FKDQJHV RFFXUUHG RYHU \HDUV RI
XQFRQWUROOHG XUEDQL]DWLRQ� WKH LPSDFW WKDW WKLV FKDQJH KDYH RQ QDWXUDO HQYLURQPHQW DQG WKH
VWUDWHJ\ WKDW VKRXOG EH XVHG LQ WKH IXWXUH IRU D EHWWHU PDQDJHPHQW RI ZDWHU DVVHW LQ RUGHU WR
SUHYHQW�H[WUHPH�HYHQWV��DV�VWUHDP�IORZ�RU�ORQJ�GU\�SHULRG�
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6DSLHQ]D´�8QLYHUVLW\�RI�5RPH��5RPH��,WDO\

6DSLHQ]D´�8QLYHUVLW\�RI�5RPH��5RPH��,WDO\
�
.(<:25'6��5(6(592,5��+<'52�32:(5��:$7(5�0$1$*(0(17

5HFHQWO\ K\GUR�SRZHU KDV EHHQ UH�HYDOXDWHG DV EHLQJ D SUHFLRXV ³JUHHQ´ WHFKQRORJ\ ZLWK
GHYHORSPHQW SURVSHFWLYH IRU WKH IXWXUH� +\GUR�SRZHU JHQHUDWLRQ KDV EHHQ DQDO\]HG IRFXVLQJ RQ
WKH DVSHFWV FRQFHUQLQJ ZLWK ZDWHU UHVRXUFH PDQDJHPHQW DQG HQHUJ\ SURGXFWLRQ� JLYLQJ SDUWLFXODU
DWWHQWLRQ WR WKH ZDWHU VWRUDJH V\VWHP GHVLJQ WHFKQLTXHV� 7KH SUHVHQW VWXG\ JRHV LQWR VPDOO VFDOH
K\GUR�SRZHU JHQHUDWLRQ �PLFUR DQG SLFR� LQYHVWLJDWLQJ DURXQG WHFKQLFDO VROXWLRQV� FDVH VWXGLHV DQG
RSSRUWXQLWLHV RI GHYHORSPHQW IRU WKLV SDUWLFXODU W\SRORJ\ RI LQVWDOODWLRQV� 5XQ RI ULYHUV SODQWV GR QRW
UHTXLUH D SURSHU ZDWHU LPSRXQG� EXW MXVW D ZHLU WR UHDOL]H WKH LQWDNH VWUXFWXUH WR FROOHFW WKH ZDWHU
DQG GLYHUW LW LQWR FDQDOV RU SHQVWRFNV� ,Q WKH FDVH RI LPSRXQGPHQW SODQWV LW LV QHFHVVDU\ WR GHVLJQ
D SURSHU ZDWHU VWRUDJH V\VWHPV DEOH WR DFFRPSOLVK WKH HQHUJ\ SURGXFWLRQ UHTXLUHPHQWV WRJHWKHU
ZLWK WKH ULYHU EDVLQ QHHGV DQG WKH ULYHU HQYLURQPHQWDO VWDQGDUGV� :DWHU YROXPHV VWRUHG LQ
UHVHUYRLUV DUH ELJJHU FRPSDUHG ZLWK ZHLUV¶ FDSDELOLWLHV� GHVSLWH DQ KLJKHU UHDOL]DWLRQ FRVW�
5HDOL]DWLRQ RI VPDOO K\GURHOHFWULF LQVWDOODWLRQV LV DOVR DQ LQQRYDWLYH VROXWLRQ WR UHWULHYH DQFLHQW
FRQVWUXFWLRQV OLNH PLOOV� G\HLQJ SODQW� DQG RWKHU VWUXFWXUHV RI WKH SULPRUGLDO LQGXVWU\ ORFDWHG DORQJ
ULYHUV� $ VDPSOH FDVH KDV EHHQ WDNHQ LQWR DFFRXQW LQ WKH QRUWKHUQ VLGH RI &DVHQWLQR 9DOOH\
�6WLD�$5��,WDO\�� $ORQJ $UQR ULYHU SDWK LW KDV EHHQ LGHQWLILHG D VHFWLRQ ZKHUH KLVWRULFDOO\ WKHUH ZDV D
ZDWHU PLOO IRU ZKHDW IORRU SURGXFWLRQ� 7KUHH GLIIHUHQW SODQW FRQILJXUDWLRQV KDYH EHHQ LGHQWLILHG WR
XWLOL]H $UQR ZDWHU WR SURGXFH HOHFWULFDO HQHUJ\� ,Q DOO FDVHV D ZHLU UHDOL]DWLRQ ZDV SUHIHUUHG DW D
UHVHUYRLU�RQH��UHSUHVHQWLQJ�D�EHWWHU�WHFKQLFDO�HFRQRPLFDO�VROXWLRQ�

35(6(17$7,21�7<3(��25$/
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1D]DUED\HY�8QLYHUVLW\�5HVHDUFK�DQG�,QQRYDWLRQ�V\VWHP��$VWDQD��.D]DNKVWDQ

1D]DUED\HY�8QLYHUVLW\�5HVHDUFK�DQG�,QQRYDWLRQ�6\VWHP��$VWDQD��.D]DNKVWDQ

QD]DUED\HY�8QLYHUVLW\�5HVHDUFK�DQG�,QQRYDWLRQ�6\VWHP��$VWDQD��.D]DNKVWDQ
�
.(<:25'6��,17(*5$7('�02'(//,1*��/$.(�*5281':$7(5�,17(5$&7,216��+<'52*(2/2*,&$/�&21752/

/DNHV LQ 1DWLRQDO 1DWXUH 3DUN %XUDED\ SOD\ D NH\ UROH LQ SURYLGLQJ D KDELWDW IRU D ZLGH UDQJH RI
DTXDWLF IORUD DQG IDXQD�*URXQGZDWHU DQG ODNH PRGHOV ZHUH LQWHJUDWHG XVLQJ PRGHO LQWHJUDWLRQ
VWDQGDUGV DQG VLPXODWHG IRU /DNH 6KXFKLH LQ %XUDED\ 1DWLRQDO 1DWXUH 3DUN� 6LPXODWHG
JURXQGZDWHU IOX[HV ZHUH FKHFNHG DJDLQVW QHW JURXQGZDWHU IORZ GHULYHG IURP D GHWDLOHG ODNH
K\GURORJLF EXGJHW ZLWK VKRUW�WHUP ODNH HYDSRUDWLRQ FRPSXWHG E\ WKH HQHUJ\ EXGJHW PHWKRG�
'LVFUHSDQFLHV EHWZHHQ PRGHOHG DQG EXGJHW�GHULYHG QHW JURXQGZDWHU IORZV ZHUH VWXGLHG�7KH QHHG
WR XQGHUVWDQG WKH K\GURJHRORJLFDO FRQWUROV UHVSRQVLEOH IRU JURXQGZDWHU ± ODNH LQWHUDFWLRQV� ERWK
IURP WKH ODNH WR WKH DTXLIHUV DQG DOVR DFURVV WKH DTXLIHUV WKHPVHOYHV LV YLWDO VR DV WR SURYLGH WKH
EDVLV�IRU�H[SORLWDWLRQ�RI�ZDWHU�UHVRXUFHV�

35(6(17$7,21�7<3(��3267(5
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1LFFROz�&XVDQR�8QLYHUVLW\��5RPH��,WDO\

1LFFROz�&XVDQR�8QLYHUVLW\��5RPH��,WDO\

1LFFROz�&XVDQR�8QLYHUVLW\��5RPH��,WDO\
�
.(<:25'6��/$.(�(19,5210(17��$48$7,&�52%27,&�9(+,&/(��32//87$17

8QGHU WKH EDFNJURXQG RI FOLPDWH FKDQJH DQG KXPDQ DFWLYLWLHV� WKHUH KDV EHHQ DQ LQFUHDVH ERWK LQ
WKH IUHTXHQF\ RI H[WUHPH K\GURORJLFDO HYHQWV DQG WKH UDQJH RI WKHLU LPSDFWV� 7KH K\GURORJLFDO
H[WUHPH HYHQWV FDQ DIIHFW KHDYLO\ WKH TXDOLW\ RI ZDWHU V\VWHPV� OHDGLQJ WR D FULWLFDO FRQGLWLRQ� DV
VKRZQ LQ VWXGLHV RQ ODZV RI JHQHUDWLRQ� WUDQVIHU� WUDQVIRUPDWLRQ DQG GHJUDGDWLRQ RI SROOXWDQWV� ,Q
WKLV FRQWH[W� GHYHORSLQJ D PRGHO WR FRXSOH K\GURORJLFDO LQSXWV �VXFK DV KHDY\ UDLQV� ZLWK IORZ
VLPXODWLRQ DQG SROOXWDQW FRQFHQWUDWLRQV URXWLQJ ZLOO DLG WKH GHYHORSPHQW RI PLWLJDWLRQ VWUDWHJLHV�
7KH DLP RI WKLV ZRUN LV WR LGHQWLI\ FRQWDPLQDQWV LQ YXOQHUDEOH VXUIDFH ZDWHU V\VWHPV OLNH ODNHV DQG
UHVHUYRLU� WKHLU HYROXWLRQ DQG DVVHVV PDQDJHPHQW PHDVXUH WR PLWLJDWH WKHLU HIIHFWV� 7KH
XQGHUJRLQJ UHVHDUFK LV EDVHG RQ WKUHH DFWLYLWLHV� H[SHULPHQWDO ZDWHU SROOXWLRQ GDWD DFTXLVLWLRQ�
PDWKHPDWLFDO PRGHOLQJ RI WKHLU HYROXWLRQ DQG GLVSHUVLRQ� DQG FLWL]HQVKLS FROODERUDWLRQ LQYROYHPHQW�
)RU WKH G\QDPLF DFTXLVLWLRQ RI ZDWHU VXUIDFH GDWD� D SURWRW\SH $59 �$TXDWLF 5RERWLF 9HKLFOH� LV
EHLQJ GHVLJQHG LQ RUGHU WR VDPSOH WKH ZDWHU VXUIDFH TXDOLW\ SDUDPHWHUV DQG WR GHWHFW WKH SUHVHQFH
RI IUHVKZDWHU FRQWDPLQDQWV� 7R LGHQWLI\ WKH FKDQJLQJ FRQGLWLRQV IRU WKH IORZ GLVSHUVLRQ PRGHO� D
SUHOLPLQDU\ K\GURORJLFDO VWXG\ RI UXQRII LV SHUIRUPHG� 7KH IOXLG G\QDPLF VLPXODWLRQ LV SHUIRUPHG
WKURXJK WKH XVH RI WKH VR FDOOHG ³/DWWLFH %ROW]PDQQ 0HWKRG´ /%0� DQ DOWHUQDWLYH QXPHULFDO IOXLG
G\QDPLFV VFKHPH EDVHG RQ %ROW]PDQQ¶V NLQHWLF HTXDWLRQ� 7KH DFWLYH SDUWLFLSDWLRQ RI FLWL]HQV LQ
PHDVXUHPHQW FROOHFWLRQV DQG GLVVHPLQDWLRQ RI UHVXOWV LV HVVHQWLDO WR WKH SURMHFW� $OO REWDLQHG
UHVXOWV�ZLOO�EH�VKRZQ�LQ�D�ZHE�EDVHG�*,6�HQYLURQPHQW�
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6KDQGRQJ�8QLYHUVLW\��6KDQGRQJ��&KLQD

6KDQGRQJ�8QLYHUVLW\��6KDQGRQJ��&KLQD
�
.(<:25'6��:$7(5�86(�()),&,(1&<��:$7(5�5(6285&(6�0$1$*(0(17���7+5((�5('�/,1(6

:DWHU XVH HIILFLHQF\ LV RQH RI WKH FRQWURO LQGH[HV RI WKH PRVW VWULFW ZDWHU UHVRXUFHV PDQDJHPHQW
V\VWHP RI &KLQD� 7KH PHWKRG RI GHWHUPLQLQJ PLQLPXP DOORZDEOH YDOXHV RI ZDWHU XVH HIILFLHQF\ LV
VXEMHFWLYH DQG ODFN RI VFLHQFH LQ WKH PDQDJHPHQW SUDFWLFH� )DFLQJ WKH SHUVSHFWLYH RI VXVWDLQDEOH
GHYHORSPHQW� D VFLHQWLILF PHWKRG IRU GHWHUPLQLQJ WKH LQGH[ RI ZDWHU XVH HIILFLHQF\ LV SXW IRUZDUG
EDVHG RQ WKH FRRUGLQDWHG GHYHORSPHQW� ZKLFK ZDV WKH FRRUGLQDWHG DOORFDWLRQ RI ZDWHU VXSSO\ IRU
SURGXFWLRQ� OLIH DQG HFRORJ\� ZKLFK ZRXOG EH RI JXDUDQWHH IRU WKH FRRUGLQDWHG GHYHORSPHQW RI
DJULFXOWXUH� LQGXVWU\ DQG VHUYLFH� DQG NHHS WKH EDODQFH RI ZDWHU VXSSO\ DQG ZDWHU GHPDQG�
$FFRUGLQJ WR WKH ZDWHU UHVRXUFHV DOORFDWLRQ VFKHPH DQG ZDWHU XVH HIILFLHQF\ LQ KLVWRU\ RI WKH
GHYHORSHG FRXQWULHV� LQ YLHZ RI WKH HFRQRP\ GHYHORSPHQW SURJUDP RI &KLQD� D UHDVRQDEOH \HDUO\
FKDQJLQJ�SURFHVV�RI�ZDWHU�HIILFLHQF\�LQGH[�DUH�SXW�IRUZDUG�ZLWK�D�FRRUGLQDWLRQ�GHJUHH�PRGHO�
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)ORULGD�,QWHUQDWLRQDO�8QLYHUVLW\���0LDPL��8�6�$�

(FRORJLFDO�DQG�:DWHU�5HVRXUFHV�(QJLQHHULQJ�/DE��(:5(/���'HSDUWPHQW�RI�&LYLO�	�(QYLURQPHQWDO
(QJLQHHULQJ��0LDPL��8�6�$�
�
.(<:25'6��+<'52�&/,0$7,&�9$5,$7,216��%$6,1�2)�)/25,'$��6:00�02'(/

:H LQYHVWLJDWHG WKH VWRUPZDWHU UXQRII DQG TXDOLW\ UHVSRQVHV WR WKH K\GUR�FOLPDWLF YDULDWLRQV DQG
ODQG XVH�FRYHU FKDQJHV LQ FRPSOH[ FRDVWDO�XUEDQ HQYLURQPHQWV FRQVLGHULQJ WKH 0LDPL 5LYHU %DVLQ
RI )ORULGD DV D FDVH VWXG\� 5HIHUHQFH VWRUPZDWHU VHQVLWLYLWLHV ZHUH TXDQWLILHG E\ EXLOGLQJ D
G\QDPLF UDLQIDOO�UXQRII PRGHO ZLWK WKH ZHOO�NQRZQ XUEDQ K\GURORJ\ PRGHO� 6:00� 5HPDUNDEO\
GLIIHUHQW� KLJK VHDVRQDO VHQVLWLYLWLHV RI UXQRII WR UDLQIDOO ZHUH IRXQG IRU WKH FRPSOH[ FRDVWDO�XUEDQ
%DVLQ� VWURQJHU UDLQIDOO�UXQRII UHVSRQVHV ZHUH QRWHG LQ WKH GULHU� HDUO\ ZLQWHU PRQWKV� 9DULDWLRQV LQ
WKH K\GURORJLF DQG ODQG FRYHU SDUDPHWHUV VKRZHG PRGHUDWH VHQVLWLYLWLHV LQ %DVLQ UXQRII DQG
SROOXWDQW ORDGV� LPSHUYLRXVQHVV DQG URXJKQHVV OHG WR PXFK VWURQJHU UHVSRQVHV WKDQ WKDW RI VORSH�
/DQG XVH FRQYHUVLRQV �H�J�� RSHQ ODQGV WR UHVLGHQWLDO WR FRPPHUFLDO�LQGXVWULDO DUHDV� UHVXOWHG LQ
UHODWLYHO\ VPDOO FKDQJHV LQ WKH VWRUPZDWHU EXGJHW DQG TXDOLW\ OLNHO\ GXH WR WKH KLJKO\ XUEDQL]HG�
GHYHORSHG QDWXUH RI WKH %DVLQ� 6LPXOWDQHRXV K\GUR�FOLPDWLF RU FOLPDWH�ODQG XVH SHUWXUEDWLRQV OHG WR
QRQ�OLQHDU FKDQJHV LQ SRWHQWLDO UXQRII DQG SROOXWDQWV� 7KH UHVHDUFK ILQGLQJV FDQ JXLGH WKH
PDQDJHPHQW RI VWRUPZDWHU TXDQWLW\ DQG TXDOLW\ LQ FRPSOH[ XUEDQ EDVLQV DURXQG WKH ZRUOG XQGHU D
FKDQJLQJ�UHJLPH�RI�FOLPDWH��ODQG�XVH�FRYHU��DQG�K\GURORJ\�
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'HSDUWPHQW�RI�&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��8QLYHUVLW\�RI�3HUXJLD��3HUXJLD��,WDO\

'HSDUWPHQW�RI�&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��8QLYHUVLW\�RI�3HUXJLD��3HUXJLD��,WDO\

'HSDUWPHQW�RI�&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��8QLYHUVLW\�RI�3HUXJLD��3HUXJLD��,WDO\

'HSDUWPHQW�RI�&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��8QLYHUVLW\�RI�3HUXJLD��3HUXJLD��,WDO\
�
.(<:25'6��5812))��&21&(378$/�$3352$&+��&(175$/�,7$/<

7KH SUHGLFWLRQ RI VRLO PRLVWXUH FRQWHQW� ș� DV D IXQFWLRQ RI GHSWK� ]� DQG WLPH� W� LV RI IXQGDPHQWDO
LPSRUWDQFH IRU DSSOLFDWLRQV LQ PDQ\ K\GURORJLFDO SURFHVVHV� 7KH PDLQ REMHFWLYH RI WKLV SDSHU LV WR
SURYLGH DQ DSSURDFK WR VROYH WKLV SUREOHP DW D ORFDO VFDOH LQ VRLOV ZLWK YHJHWDWLRQ� 7KH PDWFKLQJ RI
VRLO PRLVWXUH YHUWLFDO SURILOHV REVHUYHG XQGHU QDWXUDO FRQGLWLRQV LQ JUDVV\ SORWV DQG WKHLU
VLPXODWLRQV E\ D FRQFHSWXDO PRGHO LV SUHVHQWHG� ([SHULPHQWDO PHDVXUHPHQWV ZHUH SHUIRUPHG LQ D
SORW ORFDWHG LQ &HQWUDO ,WDO\� FRPSOHWH ZLWK K\GURPHWHRURORJLFDO VHQVRUV VSHFLILFDOO\ VHW XS DQG
HTXLSSHG ZLWK D WLPH GRPDLQ UHIOHFWRPHWU\ V\VWHP SURYLGLQJ WKH ZDWHU FRQWHQW� șH�]� W�� $
FRQFHSWXDO PRGHO IUDPHZRUN HDUOLHU SURSRVHG IRU WZR�OD\HUHG VRLO YHUWLFDO SURILOHV ZDV PRGLILHG
DQG DGRSWHG IRU VLPXODWLRQV� 7KH FKDQJHV FRQFHUQ WKH LQFRUSRUDWLRQ RI HYDSRWUDQVSLUDWLRQ� WKH
UHGXFWLRQ RI WKH RULJLQDO PRGHO IRU DSSOLFDWLRQV DOVR WR KRPRJHQHRXV VRLO YHUWLFDO SURILOHV� DQG D
FRUUHFWLRQ IRU WKH GLIIHUHQFHV H[LVWLQJ EHWZHHQ DVVXPHG DQG REVHUYHG LQLWLDO PRLVWXUH FRQWHQWV� ,Q
WKH PRGHO FDOLEUDWLRQ� LW ZDV IRXQG WKDW WKH HIIHFWV RI YHJHWDWLRQ FRXOG EH UHSUHVHQWHG DGHTXDWHO\
E\ D ILFWLWLRXV VRLO YHUWLFDO SURILOH ZLWK D PRUH SHUPHDEOH XSSHU OD\HU RI VDWXUDWHG K\GUDXOLF
FRQGXFWLYLW\� .V� LQGHSHQGHQW RI WLPH� 7KHQ� IRU WKH YDOLGDWLRQ HYHQWV� WKH PRGHO VLPXODWLRQV LQ WKH
VWDJHV RI ERWK LQILOWUDWLRQ DQG UHGLVWULEXWLRQ�HYDSRWUDQVSLUDWLRQ UHSURGXFHG DSSURSULDWHO\ șH�]� W��
6LPLODU UHVXOWV ZHUH REWDLQHG E\ DSSO\LQJ WKH PRGLILHG WZR�OD\HUHG PRGHO IRU VLPXODWLRQV RI
H[SHULPHQWDO GDWD REVHUYHG LQ WKUHH RWKHU SORWV ORFDWHG LQ 1RUWKHUQ ,WDO\ DQG *HUPDQ\� )RU DOO IRXU
YHJHWDWHG VLWHV� YDOLGDWLRQ RI WKH WZR�OD\HU SURILOH EHWWHU PDWFKHG WKH H[SHULPHQWDO GDWD WKDQ WKH
DVVXPSWLRQ RI D KRPRJHQHRXV SURILOH� 7KXV� WKH FRQFHSWXDO DSSURDFK EDVHG RQ D WZR�OD\HUHG
VFKHPH IRU UHSUHVHQWLQJ ș�]� W� LQ VRLOV ZLWK YHJHWDWLRQ DSSHDUV WR EH DSSURSULDWH IRU PDQ\
K\GURORJLFDO�DSSOLFDWLRQV�
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*UDGXDWH�6FKRRO�RI�)URQWLHU�6FLHQFHV��7KH�8QLYHUVLW\�RI�7RN\R��-DSDQ
�
.(<:25'6��6$/,1,7<�*5$',(176��675$7,),&$7,21�2)�6$/,1,7<��%,2',9(56,7<

/DJRRQV DUH D ZRQGURXV SODFH QRW RQO\ IRU KXPDQ EHLQJV EXW DOVR IRU PDQ\ DQLPDOV� /DJRRQV
SURYLGH D KDELWDW IRU D YDULHW\ RI PLJUDWRU\ ELUGV� DQG PDQ\ PDULQH DQG IUHVKZDWHU ILVK XWLOL]H WKH
IRRG UHVRXUFHV IRXQG LQ ODJRRQV� /DJRRQV DUH VLWXDWHG GRZQVWUHDP� VR QXWULHQWV VXSSOLHG IURP WKH
ODQG VXSSRUW YLJRURXV SULPDU\ SURGXFWLRQ� DOORZLQJ DQLPDOV WR WKULYH� 7KH VDOLQLW\ RI ODJRRQ ZDWHU
YDULHV IURP IUHVKZDWHU WR VHDZDWHU� 2UJDQLVPV UHJXODWH WKH RVPRWLF SUHVVXUH DFFRUGLQJ WR WKH
VDOLQLW\� ZKLFK UHVWULFWV WKH QXPEHU RI VSHFLHV LQ D EUDFNLVK HQYLURQPHQW� )ORUD DQG IDXQD FKDQJH
GUDVWLFDOO\ LQ ODJRRQV ZKHQ VDOLQLW\ FKDQJHV� +XPDQV DOVR FRQWULEXWH WR FKDQJHV LQ WKH VDOLQLW\ RI
ODJRRQV� ERWK LQWHQWLRQDOO\ DQG XQLQWHQWLRQDOO\� 7KLV FKDQJHV WKH LQWHUDFWLRQ EHWZHHQ ODJRRQV DQG
SHRSOH� 7KH VWUDWLILFDWLRQ RI VDOLQLW\ LV DOVR VHYHUHO\ DIIHFWHG E\ WKH FKDQJH LQ VDOLQLW\� ([WUHPHO\
DQR[LF FRQGLWLRQV DUH REVHUYHG DW ZHOO�VWUDWLILHG ODJRRQV ZKHUH DQDHURELF EDFWHULD H[KLELW D YDULHW\
RI PHWDEROLVPV� 2QH W\SH RI DQDHURELF EDFWHULD SURGXFHV K\GURJHQ VXOILGH LQ WKH ZDWHU� 0L[LQJ RI
WKH ERWWRP ZDWHU ZLWK WR[LF K\GURJHQ VXOILGH VRPHWLPHV LQGXFHV PDVV PRUWDOLW\ LQ WKH VKDOORZ SDUW
RI WKH ODJRRQV� :KHWKHU WKH ODJRRQ ZDWHU YHUWLFDOO\ PL[ RU QRW FDQ EH URXJKO\ HVWLPDWHG XVLQJ D IHZ
IDFWRUV� DQG WKLV LV QHFHVVDU\ WR XQGHUVWDQG WKH EDVLF SK\VLFDO SURSHUWLHV RI ODJRRQV IRU VXVWDLQDEOH
XVH E\ SHRSOH� $OWKRXJK VR PDQ\ DVSHFWV RI ODJRRQV DUH YXOQHUDEOH� VHYHUDO HQGDQJHUHG VSHFLHV
DUH�IRXQG�RQO\�LQ�FHUWDLQ�ODJRRQV��GHPRQVWUDWLQJ�WKH�ZRQGHU�WKDW�H[LVWV�LQ�ODJRRQV�
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1DWLRQDO�,QVWLWXWH�IRU�(QYLURQPHQWDO�3URWHFWLRQ�DQG�5HVHDUFK��,WDO\
�
.(<:25'6��/$*221�2)�9(1,&(���(&26<67(0��:)'

7KH FRPSOH[LW\ RI VDIHJXDUGLQJ WKH 9HQLFH /DJRRQ LV GXH WR WKH SDUWLFXODU QRUWKHUQ $GULDWLF
FRDVWOLQH FRQWH[W ZKLFK LV VWUHJKWHQHG E\ QXPHURXV HVWXDULHV DQG VRPH RWKHU LPSRUWDQW ODJRRQV
PRUH RU OHVV RSHQHG WR WKH WLGH� 'XULQJ WKH FHQWXULHV� WUDQVIRUPDWLRQ SURFHVVHV KDYH WDNHQ SODFH�
LQWHQVLILHG E\ SDUWLFXODU PHWHRWHRURORJLFDO� PDULQH DQG JHRORJLFDO FRQGLWLRQV ZKLFK KDYH GHHSO\
FKDQJHG WKLV SDUWLFXODU WUDQVLWLRQDO HQYLURQPHQW LQ LWV K\GURG\QDPLF DQG PRUSKRORJLFDO IHDWXUHV�
7KH 9HQLFH /DJRRQ UHSUHVHQWV WKH PRVW VLJQLILFDQW ZHWODQG DUHD LQ WKH 0HGLWHUUDQHDQ 6HD� 6LQFH
WKH IDOO RI WKH 5HSXEOLF RI 9HQLFH ������ PDQ\ LPSRUWDQW LQWHUYHQWLRQV KDYH EHHQ FDUULHG RXW� VXFK
DV WKH ZRUNV WR SUHYHQW IURP 3LDYH DQG %UHQWD ULYHUV VLOWLQJ XS� ZKLFK HPSWLHG RXW WKH ODJRRQ� DQG
WKH VR�FDOOHG 085$==,� D PDVVLYH ,VWULDQ VWRQH VHD ZDOOV DORQJ WKH OLWWRUDO� )XUWKHUPRUH� WKLV SDSHU
LOOXVWUDWHV WKH PDLQ LPSRUWDQW IHDWXUHV FRQQHFWHG ZLWK WKH VDIHJXDUGLQJ RI WKH 9HQLFH /DJRRQ DQG
KRZ LW KDV EHHQ PDQDJHG VLQFH WKH IDOO RI WKH 6HUHQLVVLPD 9HQLFH 5HSXEOLF WR WKH SUHVHQW GD\�
2YHUDOO� LW IRFXVHV RQ WKH VSHFLDO SURWHFWLRQ SURYLGHG E\ VSHFLILF ODZV LVVXHG E\ ,WDOLDQ *RYHUQPHQW
DIWHU WKH GUDPDWLF IORRG RFFXUUHG LQ ����� DQDO\]LQJ WKH HIILFDF\ RI RQJRLQJ LQWHUYHQWLRQV RQ
PLWLJDWLRQ RI KLJK WLGHV� DUUHVW DQG UHYHUVLRQ RI HQYLURQPHQWDO GHWHULRUDWLRQ� UHFODPDWLRQ RI WKH
ODJRRQ EHG LQ SROOXWHG DUHD� FRDVWDO UHLQIRUFHPHQW PDGH SRVVLEOH E\ LPSRUWDQW ,WDOLDQ ILQDQFLDO
UHVRXUFHV� 7KLV PHPR DOVR DLPV WR GHVFULEH VRPH UHOHYDQW HQYLURQPHQWDO HPHUJHQFLHV UHODWHG WR
WKH PRUSKRORJLFDO IHDWXUHV RI WKH ODJRRQ �GHWHULRUDWLRQ RI VHGLPHQWV� ZDWHU TXDOLW\� HWF�� ZKLFK
VKRZ D GHFOLQH RI WKH IHDWXUHV W\SLFDO RI DQ HQYLURQPHQW LQ WUDQVLWLRQ WRZDUGV D PDULQH
HQYLURQPHQW� 7KH 'LUHFWLYH ��������&( RQ WKH DVVHVVPHQW DQG PDQDJHPHQW RI IORRG ULVNV ZKLFK
DOVR UHTXLUHV ULYHU EDVLQ PDQDJHPHQW SODQV WR EH GHYHORSHG IRU HDFK ULYHU EDVLQ GLVWULFW LWV FRDVWDO
DUHDV� LV WKH XSGDWHG IUDPHZRUN WR HIIHFWLYHO\ VDIHJXDUG WKH 9HQLFH /DJRRQ DFFRUGLQJ WR D
V\VWHPDWLF DQG FRKHUHQW DSSURDFK ZLWK WKH 1RUWK�HDVWHUQ WHUULWRULDO FRQWH[W� ,Q VKRUW� DQ XUJHQW
UHIRUP RI WKH VSHFLDO ODZ LV QHHGHG� DV ZHOO DV D UHRUJDQL]DWLRQ RI WKH LQVWLWXWLRQDO VXEMHFWV
FRQQHFWHG�ZLWK�WKH�LQWHUYHQWLRQV�WR�VDIHJXDUG�WKH�9HQLFH�/DJRRQ�
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'HSDUWPHQW�RI�/LIH�6FLHQFHV��8QLYHUVLW\�RI�3DUPD��,WDO\

'HSDUWPHQW�RI�/LIH�6FLHQFHV��8QLYHUVLW\�RI�3DUPD��,WDO\

'HSDUWPHQW�RI�/LIH�6FLHQFHV��8QLYHUVLW\�RI�3DUPD��,WDO\

'HSDUWPHQW�RI�/LIH�6FLHQFHV��8QLYHUVLW\�RI�3DUPD��,WDO\

'HSDUWPHQW�RI�/LIH�6FLHQFHV��8QLYHUVLW\�RI�3DUPD��,WDO\

'HSDUWPHQW�RI�/LIH�6FLHQFHV��8QLYHUVLW\�RI�3DUPD��,WDO\
�
.(<:25'6��(87523+,&$7,21��6+(//),6+�)$50,1*��,17(*5$7('�0$1$*(0(17

&RDVWDO ODJRRQV LQ WKH QRUWKHUQ 0HGLWHUUDQHDQ DUF DUH H[SORLWHG IRU VKHOOILVK IDUPLQJ DQG WRXULVP�
ZKLFK DUH WKH EDFNERQH RI WKH ORFDO HFRQRP\ DQG VRFLDO V\VWHP� 0DQ\ VHFWRULDO VWXGLHV SURYLGHG D
UREXVW VFLHQWLILF EDFNJURXQG� H�J� RQ HFRORJ\ DQG IDUPLQJ LVVXHV� /HVV LV NQRZQ RQ LQWHUDFWLRQV
EHWZHHQ VWUHVVRUV DFWLQJ DW ERWK ORFDO DQG ZLGHU�JOREDO VFDOHV� 7KHVH ODJRRQV DUH H[SRVHG WR
SUHVVXUHV IURP ZDWHUVKHGV DQG VHDVLGH ZKLFK FDQ JUHDWO\ DPSOLI\ LQWHUQDO VWUHVVRUV� 0DFURDOJDO
DQG KDUPIXO DOJDO EORRPV� IDHFDO EDFWHULDO FRQWDPLQDWLRQ DQG IUHTXHQW DQR[LF RXWEUHDNV DUH DPRQJ
WKH PRVW LPSRUWDQW WKUHDWV� ZKLFK KDYH DGYHUVH HIIHFWV RQ WKH HFRV\VWHP IXQFWLRQLQJ DQG� LQ
FDVFDGH� RQ VKHOOILVK SURGXFWLRQ� 0RUHRYHU� FOLPDWH FKDQJH FDQ DPSOLI\ VXFK LPSDFWV� H�J� LQ GU\
UHJLRQV� VXGGHQ IODVK IORRGV IURP VWUHDPV DUH DVVXPHG WR GHOLYHU JUHDW DPRXQWV RI QXWULHQWV DQG
IDHFDO EDFWHULD ZKLFK DFFXPXODWHV GXULQJ WKH GU\ VHDVRQ� 2IWHQ� WKH VKHOOILVK IDUPLQJ LWVHOI LPSDFWV
RQ HFRV\VWHP IXQFWLRQLQJ� 'LIIHUHQW VKHOOILVK VSHFLHV FDQ KDYH GLYHUVH LPSDFWV RQ ZDWHU DQG
HFRV\VWHP TXDOLW\ GXH WR GLIIHUHQW PDQDJHPHQW� 7KH FRPPRQ IHDWXUH RI DOO VSHFLHV LV WKH TXLFN
UHF\FOLQJ RI DPPRQLXP� PLQHUDO SKRVSKDWHV DQG VLOLFD IURP SDUWLFXODWH RUJDQLF PDWWHU� RIWHQ
VKLIWLQJ 1�3�6L VWRLFKLRPHWU\ ZKLFK FDQ LQIOXHQFH LQWHUDFWLRQV EHWZHHQ SK\WRSODQNWRQ DQG
PDFURDOJDO VSHFLHV� LQGXFLQJ QHJDWLYH IHHGEDFN ORRSV IRU IDUPLQJ� ,Q FRQWUDVW ZLWK WKH IDLOXUH RI WKH
VHFWRULDO DSSURDFK� WKH LQWHJUDWHG PDQDJHPHQW RI ODJRRQV� WKHLU ZDWHUVKHGV DQG WKH DGMDFHQW
FRDVWDO�]RQHV�DUH�NH\�LVVXH�IRU�SUHVHUYLQJ�WKH�DTXDWLF�HFRV\VWHPV�DQG�WKHLU�UHVLOLHQFH�FDSDFLW\�
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.DKRNXJDWD�/DNH�,QVWLWXWH��-DSDQ

.DKRNXJDWD�/DNH�,QVWLWXWH��-DSDQ

.DKRNXJDWD�/DNH�,QVWLWXWH��-DSDQ

.DLKDWVX�*LMXWVX�&RQVXOWDQW�&R���/WG���-DSDQ

*UDGXDWH�6FKRRO�RI�6FLHQFH�DQG�7HFKQRORJ\��+LURVDNL�8QLYHUVLW\��+LURVDNL���-DSDQ
�
.(<:25'6��5$',2$&7,9(�32//87,21��7681$0,��)8.86+,0$��3$''<�62,/6��6($&2$67��6(0�(';��('�;5)��*(
6(0,&21'8&725�'(7(&725��)25$0,1,)(5$��',$720$&(286�($57+��1272�3(1,168/$��&/$<6��5$',2�18&/,'(6�

&RDVWDO DUHDV LQ 0LQDPL�6RPD &LW\� )XNXVKLPD� -DSDQ� ZHUH VHULRXVO\ GDPDJHG E\ WKH UDGLRDFWLYH
FRQWDPLQDWLRQ IURP )XNXVKLPD 'DLLFKL 1XFOHDU 3RZHU 3ODQW �)'133� DFFLGHQW FDXVHG PXOWLSOH
SROOXWLRQV E\ WKH 7VXQDPL DQG UDGLRQXFOLGH H[SRVXUH� DIWHU 7KH *UHDW (DVW -DSDQ (DUWKTXDNH�
-DSDQ� RQ ��WK ���WK 0DUFK� ����� )'133 OHDNHG �� NLQGV RI UDGLR QXFOLGHV� VXFK DV ���&V
����[����%T� KDOI�OLIH WLPH ���\�� ���&V ����[����%T� KDOI�OLIH WLPH ����\�� ��6U ����[����%T� KDOI�
OLIH WLPH ����\�� DQG ��=U ����[����%T� KDOI�OLIH WLPH ����G� WR WKH DWPRVSKHUH� ULYHU EDVLQ� SDGGLHV�
DQG VHDZDWHU LQ -DSDQ� 7KH SDGG\ VRLOV LQ )XNXVKLPD 3UHIHFWXUH KDYH KHDYLO\ EHHQ FRQWDPLQDWHG
E\ UDGLR QXFOLGHV� HVSHFLDOO\ E\ &V ����&V� ���&V� DQG 6U ���6U� ��6U�� HYHQ WKRXJK PRUH WKDQ
�����NP QRUWK RI WKH )'133� +XQGUHGV RI GLDWRP ZLWK GLYHUVH VL]H DQG VKDSH DVVRFLDWHG ZLWK
IRUDPLQLIHU ZHUH IRXQG LQ SDGGLHV QHDU .DUDVX�]DNL ILVKLQJ SRUW LQ )XNXVKLPD� -DSDQ� ZKLFK DUH
FRQVLGHUHG WR KDYH EHHQ RULJLQDOO\ IRUPHG LQ WKH DUHD XQGHU D IUHVKZDWHU HQYLURQPHQW� DIWHU
7VXQDPL� %DVHG RQ REVHUYDWLRQ ZLWK RSWLFDO DQG HOHFWURQ PLFURVFRS\ DQG DQDO\VLV E\ ;�UD\
GLIIUDFWLRQ SDWWHUQ� ;�UD\ IOXRUHVFHQFH� DQG *H VHPLFRQGXFWRU GHWHFWRU� ERWK LQRUJDQLF IDFWRU DQG
PLFURRUJDQLVPV DUH VXJJHVWHG WR KDYH FRQWULEXWHG WR UHPHGLDWLRQ RI WKH HQYLURQPHQWV� $ ILHOG
VLPXODWLRQ H[SHULPHQW DW UDGLRDFWLYH SROOXWHG VRLOV ZLWK IUHVK ZDWHU LQ %DED� 0LQDPL 6RPD�
)XNXVKLPD� VKRZV SDUWLFLSDWLRQ RI GLDWRPDFHRXV HDUWK� VXSSRUWLQJ WKH VXJJHVWLRQ� 7KH
GLDWRPDFHRXV HDUWK FROOHFWHG IURP 1RWR 3HQLQVXOD� ,VKLNDZD 3UHIHFWXUH�(QHUJ\ GLVSHUVLYH ;�UD\
IOXRUHVFHQFH DQDO\VLV �('�;5)� DQG *H VHPLFRQGXFWRU GHWHFWRU IRXQG QRW RQO\ PDMRU HOHPHQWV EXW
DOVR UDGLR QXFOLGHV� VXFK DV ���&H� ���&V� ��6U� DQG ��6U� LQ WKH SDGG\ ILHOG LQ %DED� $IWHU RQH
\HDU H[DPLQDWLRQ� TXDQWLWDWLYH DQDO\VHV XVLQJ VFDQQLQJ HOHFWURQ PLFURVFRS\ HTXLSSHG ZLWK HQHUJ\
GLVSHUVLYH ;�UD\ DQDO\]HU �6(0�(';�� GLDWRPV DQG FOD\ PLQHUDOV �PDLQO\ PRQWPRULOORQLWH� FOHDUO\
LQGLFDWHG FRQFHQWUDWLRQ RI UDGLRQXFOLGH� VXFK DV ,� &V� %D� 1G� 7K� 8� 1S� DQG 3X� VXJJHVWLQJ
DEVRUSWLRQ RI ERWK UDGLRQXFOLGH DQG VWDEOH LVRWRSH HOHPHQWV� 7KH OHDN RI UDGLRDFWLYLW\ RI ���&V�
SDUW RI ��6U� DQG WKH WUDFHV RI VRPH RWKHU UDGLRQXFOLGH DUH RULJLQDWHG IURP )'133 DFFLGHQW� ,W LV D
SRVVLELOLW\ WKDW WKH LQWHUDFWLRQ EHWZHHQ GLDWRPDFHRXV HDUWK DQG UDGLRQXFOLGH FRXOG EH HIIHFWLYH DV
WKH�VKLHOG�IRU�ORZ�OHYHO�UDGLRDFWLYH�FRDVWDO�DUHD�DQG�PDUVKHV�
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:DWHUVKHGV

.DKRNXJDWD�/DNH�,QVWLWXWH��-DSDQ

.DQD]DZD�6HLU\R�8QLYHUVLW\��.DQD]DZD��-DSDQ

.DKRNXJDWD�/DNH�,QVWLWXWH��-DSDQ

.DKRNXJDWD�/DNH�,QVWLWXWH��-DSDQ
�
.(<:25'6��+($/7+<�+<'52/2*,&$/�&<&/(6��$/,(1�3/$176��&223(5$7,21�2)�/$.(�$1''81(

/DNH .DKRNXJDWD LV D VKDOORZ ODJRRQ ORFDWHG LQ FHQWUDO -DSDQ� /DQG UHFODPDWLRQ ZDV FDUULHG RXW DW
WZR�WKLUGV RI WKH ODNH� DQG D WLGH JDWH ZDV FRQVWUXFWHG LQ ����V� 6KRUH SURWHFWLRQ ZRUNV ZHUH
FDUULHG RXW DW WKH VDPH WLPH� 1DWXUDO YHJHWDWLRQ ZDV ORVW� WKH ODNH KDG HXWURSKLFDWHG LW� )LVKHU\ DQG
RWKHU RFFXSDWLRQ DVVRFLDWHG ZLWK WKH ODNH GLVDSSHDUHG DW WKH VDPH WLPH� %HFDXVH PDQDJHPHQW
GLVDSSHDUHG� DOLHQ SODQWV LQFUHDVHG LQ WKH ODNHIURQW� 3DUWLFXODUO\ JUDPLQHRXV 3DVSDOXP GLVWLFKXP
YDU� LQGXWXP EHFDPH WKH SUREOHP VXFK DV WKH FRQILQHPHQW RI WKH ZDWHUZD\� :H EHJDQ QHZ
FROODERUDWLRQ ZRUN WR UHYLYLI\ D ODNH LQ WKH .DKRNXJDWD DUHD ZKHUH FROODERUDWLRQ ZRUN KDG EHHQ
ORVW�:H EHJDQ DFWLYLW\ WR WDNH JUDPLQHRXV SODQWV E\ KDQGV� ,W ZDV HIIHFWLYH WKDQ LW ZDV HOLPLQDWHG
E\ PDFKLQH� )XUWKHUPRUH� ZH EHJDQ D WULDO XVLQJ WKH JUDPLQHRXV SODQWV ZKLFK ZH KDUYHVWHG�
³6X]XPH \DVDL´ ZKLFK PHDQ VSDUURZ YHJHWDEOHV KDV EHHQ FXOWLYDWHG WR SURPRWH UHPRYDO DFWLYLWLHV
RI DOLHQ SODQWV LQ /DNH .DKRNXJDWD� :H FDQ JHW WKH DFWLRQ RI VSDUURZ YHJHWDEOHV IURP DQRWKHU
HIIHFW DW WKH VDPH WLPH� :H FDQ FUHDWH D KHDOWK\ ZDWHU F\FOH DQG UHJLRQDO F\FOLFDO FKDQJH RI PDWWHU
E\ XVLQJ WKH SODQW ZKLFK ZH KDG WDNHQ IURP WKH HXWURSKLF ODNH IRU D ROLJRWURSKLF GXQH LQ WKH
QHLJKERU� %\ WKH FRRSHUDWLRQ RI WKH ODNH DQG WKH GXQH� D SRZHUIXO VDQG ILOWHU GHYLFH LV FUHDWHG� 7KH
FROODERUDWLRQ�RI�SHRSOH�LV�QHFHVVDU\�IRU�WKH�GHYLFH�
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:DWHUVKHGV

.DQD]DZD�6HLU\R�8QLYHUVLW\���.DQD]DZD��-DSDQ�

,VKLNDZD�1DWLRQDO�&ROOHJH�RI�7HFKQRORJ\��,VKLNDZD��-DSDQ
�
.(<:25'6��/$*221���785%,',7<��%5$.,6+�:$7(5

/DNH .DKRNXJDWD LV D VKDOORZ HXWURSKLF ODJRRQ ORFDWHG LQ FHQWUDO -DSDQ� /DQG UHFODPDWLRQ ZDV
FDUULHG RXW DW WKH ODJRRQ� DQG D WLGH JDWH ZDV FRQVWUXFWHG LQ ����V� 6LQFH WKHQ� WKH ODNH KDV
VZLWFKHG IURP D FOHDU ZDWHU VWDWH WR D WXUELG ZDWHU VWDWH� 3K\VLFDO DQG FKHPLFDO SURSHUWLHV RI WKH
ODNH ZDWHU ZHUH VXUYH\HG LQ ����� 7KH SXUSRVH RI WKLV VXUYH\ LV WR DQDO\]H WKH VSDWLDO DQG
VHDVRQDO YDULDELOLW\ RI WXUELGLW\ LQ WKH ODNH� 7KH GHFUHDVLQJ VHGLPHQWDWLRQ UDWH LV RQH RI WKH PDMRU
IDFWRUV�LQIOXHQFLQJ�WXUELGLW\�LQ�WKH�SUHVHQW�ODNH�
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:DWHUVKHGV

.DKRNXJDWD�/DNH�,QVWLWXWH�

.DKRNXJDWD�/DNH�,QVWLWXWH��-DSDQ

.DKRNXJDWD�/DNH�,QVWLWXWH��-DSDQ

.DKRNXJDWD�/DNH�,QVWLWXWH��-DSDQ
�
.(<:25'6��/$.(�.$+2.8*$7$��5(('�6+,3��0$,17(1$1&(�2)�7+(�5(('�%('

,Q ZHWODQGV LQFOXGLQJ /DNH .DKRNXJDWD� HPHUJHQW SODQWV VXFK DV WKH UHHG RI WKH ZDWHUVLGH KDYH EH
HQ XVHG DV UHVRXUFHV WUDGLWLRQDOO\� 7KH UHHG KDV EHHQ XVHG WR URRI PDWHULDOV DQG EXLOGLQJ PDWHULDOV
RU VXFK DV VQRZ IHQFHV� +RZHYHU� LW LV QRW XVHG E\ WKHVH XVHV DW SUHVHQW� 7KHUHIRUH WKH PDLQWHQD
QFH RI WKH UHHG EHG LV QRW FDUULHG RXW� DQG GLVDSSHDUDQFH RU GHFOLQH RI HPHUJHQW SODQWV ZKLFK LV LP
SRUWDQW ZDWHUVLGH SODQW FRPPXQLWLHV DUH VHHQ� :H UHFRQILUPHG WKHVH SODQWV DV D XVHIXO UHVRXUFH E
\ DGRSWLQJ D IDFWRU RI WKH SOD\ DV QHZ XVDJH RI WKH SODQWV RI WKH ZDWHUVLGH� )XUWKHUPRUH� , FDUULHG R
XW D WULDO WR SURPRWH WKDW D FLWL]HQ ZRUNHG RQ WKH PDLQWHQDQFH E\ XVLQJ WKH SODQW RI WKH ZDWHUVLGH� ,Q
����� ZH WULHG WKH PDNLQJ RI UHHG VKLS IRU SUDFWLFDO XVH RI UHHGV� 8VLQJ WKH UHHGV LQ WKH DUHD DSSUR
[LPDWHO\ ��� VTXDUH PHWHUV� ZH FDUULHG RXW DQ HYHQW WR FRRSHUDWH ZLWK PDQ\ SHRSOH� DQG WR PDNH
RQH VKLS� )RU WKH SHRSOH ZKR KDYH OLWWOH H[SHULHQFH RI JURXS ZRUN LQ QDWXUH� DV IRU KDYLQJ PDGH RQ
H UHHG VKLS WRJHWKHU� LW ZDV ZLWK JRRG RSSRUWXQLW\� ,Q DGGLWLRQ� WKHUH ZDV D ELJ HIIHFW DV D RXWGRRU R
Q�VLWH WUDLQLQJ RI FKLOGUHQ� ,I WKH PDNLQJ RI UHHG VKLS ZLOO EH HVWDEOLVKHG DV D SOD\ RI WKH /DNH .DKRN
XJDWD IURP QRZ RQ� ZH FDQ H[SHFW WKDW WKH PDLQWHQDQFH RI WKH UHHG EHG ZKLFK LV GHFUHDVLQJ LQ WKH
ODNHIURQW�DGYDQFHV��,W�OHDGV�WR�PDLQWHQDQFH�RI�ZLOGOLIH�LQKDELWLQJ�UHHG�EHG�
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'HSDUWPHQW�RI�%LRORJLFDO�DQG�(QYLURQPHQWDO�6FLHQFHV�DQG�7HFKQRORJLHV��8QLYHUVLW\�RI�WKH�6DOHQWR��/HFFH�
,WDO\
�
.(<:25'6��(&26<67(0�3523(57,(6��63(&,(6�',9(56,7<��63$7,$/�6&$/(6

3DWWHUQV RI ELRGLYHUVLW\ LQ WUDQVLWLRQDO ZDWHUV KDYH EHHQ DGGUHVVHG FRQVLGHULQJ SK\VLFDO JUDGLHQWV�
VSDWLDO SDWFKLQHVV� HQHUJ\ FRQVWUDLQWV DQG� FOHDUO\� DQWKURSRJHQLF�EDVHG SHUWXUEDWLRQV� /DJRRQV
SDUWLFXODUO\ WHQG WR EH FKDUDFWHULVHG E\ ORZ ORFDO GLYHUVLW\� ZLWK IHZ GRPLQDQW VSHFLHV� WKH
KDUVKQHVV RI WKH SK\VLFDO HQYLURQPHQW KDV EHHQ FRQVLGHUHG D PDLQ GHWHUPLQDQW RI WKHVH
REVHUYDWLRQV� 2Q WKH RWKHU KDQG� E\ HQODUJLQJ WKH VFDOH RI REVHUYDWLRQ� ERWK ZLWK DQG EHWZHHQ
HFRV\VWHPV XS WR WKH HFR�UHJLRQDO VFDOH D UROH RI ODJRRQV DV ELRGLYHUVLW\ KRWVSRW LV FRPPRQO\
FODLPHG� VXSSRUWHG ERWK E\ WKH HYLGHQFHV RI KLJK E DQG J GLYHUVLW\ DQG E\ WKH REVHUYDWLRQV RI
LVODQG RU QXUVHU\ UROH RI ODJRRQV IRU PDQ\ IODJVKLS RU NH\VWRQH VSHFLHV� &RQFHSWXDO OLQNV EHWZHHQ
ELRGLYHUVLW\ SDWWHUQV LQ ODJRRQV DQG HFRV\VWHP SURSHUWLHV KDYH EHHQ UHFHQWO\ SURSRVHG EXW QRW \HW
IXOO\ H[SORUHG� +HUH� , DP DGGUHVVLQJ WKH DFWXDO UHOHYDQFH RI NH\ HFRV\VWHP SURSHUWLHV� DV
FDSDFLW\� UHVLOLHQFH DQG SDUVLPRQ\� RQ ELRGLYHUVLW\ SDWWHUQV DQG RUJDQLVDWLRQ� 'DWD DUH IURP GDWD
UHVRXUFHV �L�H�� 7UDQVLWLRQDO :DWHU 3ODWIRUP DQG 3K\WRSODQNWRQ 'DWD 3ODWIRUP� IURP /LIH:DWFK�,7$
FRYHULQJ PDLQO\ PDFUR�LQYHUWHEUDWH DQG SK\WRSODQNWRQ JXLOGV IURP GLIIHUHQW HFR�UHJLRQDO DUHDV�
&DSDFLW\ DQG UHVLOLHQFH SOD\ NH\ UROHV LQ GHWHUPLQLQJ ELRGLYHUVLW\ RUJDQLVDWLRQ LQ ODJRRQ
HFRV\VWHP� ZKLOH WKH\ GLIIHU LQ WKH FKDUDFWHULVWLF VFDOH RI LQIOXHQFH� $ KLHUDUFKLFDO RUJDQLVDWLRQ RI
HFRV\VWHP�SURSHUWLHV�VHHPV�WR�EH�JHQHUDOL]DEOH�WR�JXLOGV�GLIIHUHQWLDOO\�XVLQJ�ODJRRQ�HFRV\VWHPV�
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&0&&���%RORJQD��,WDO\

&0&&���%RORJQD��,WDO\

&0&&���%RORJQD��,WDO\
�
.(<:25'6��612:)$//��5,9(5�',6&+$5*(��5812))

:H SUHVHQW D WZRIROG DQDO\VLV RI ORQJ�WHUP WUHQG DQG YDULDELOLW\ RI GLIIHUHQW IDFWRUV DIIHFWLQJ WKH
K\GURORJLFDOF\FOH RYHU WKH $OSV LQ VSULQJ� 7KH VWXG\ LV EDVHG RQ GDWDVHWV GHULYHG IURP
REVHUYDWLRQV IRU WKH ODVW ��� \HDUV� ,QRQH FDVH ZH IRFXV RQ VQRZIDOO IOX[� ZKLFK ZH IRXQG VKLIWLQJ
EHWZHHQ WZR GLIIHUHQW UHJLPHV LQ FRQFHUW ZLWK WKH$WODQWLF 0XOWLGHFDGDO 2VFLOODWLRQ� 7KLV
WHOHFRQQHFWLRQ LV H[SODLQHG E\ D PL[WXUH RI FKDQJHV LQ FLUFXODWLRQ DQG E\ORFDO FOLPDWLF IHHGEDFNV�
0RUHRYHU� ZH DQDO\]HG WKH WLPLQJ RI WKH ULYHU GLVFKDUJH SHDNV UHODWLYH WR WKH PDLQ $OSLQHULYHUV�
ILQGLQJ VLPLODU IHDWXUHV RI ORZ IUHTXHQF\ YDULDELOLW\� DQG D FRPPRQ DQWLFLSDWLRQ WHQGHQF\ RI PRUH
WKDQ�WZRZHHNV�SHU�FHQWXU\��SUREDEO\�H[SODLQHG�E\�D�FKDQJH�RI�VHDVRQDOLW\�RI�WRWDO�SUHFLSLWDWLRQ�
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)LQQLVK�(QYLURQPHQW�,QVWLWXWH��+HOVLQNL��)LQODQG
�
.(<:25'6��,&(�%5($.83��75(1'��&/,0$7(�&+$1*(

7UHQGV RI EUHDNXS GDWHV LQ )LQQLVK ODNHV LQ ��������� (VNR .XXVLVWR )LQQLVK (QYLURQPHQW ,QVWLWXWH
�6<.(� +HOVLQNL� )LQODQG ,Q DERXW KDOI RI WKH ODNHV� WKH VKLIW WRZDUGV DQ HDUOLHU EUHDNXS KDV EHHQ
��±�� GD\V GXULQJ WKH ILIW\ \HDU SHULRG� ,Q RQH TXDUWHU� LW KDV EHHQ �±� GD\V� LQ RQH TXDUWHU ��±��
GD\V� ,Q VRXWKHUQ DQG ZHVWHUQ SDUWV RI WKH FRXQWU\ DQG LQ WKH IRUPHU 2XOX SURYLQFH WKH WUHQGV KDYH
EHHQ VOLJKWO\ VWURQJHU WKDQ HOVHZKHUH LQ WKH FRXQWU\� 6LJQLILFDQW WUHQGV FDQ EH GHWHFWHG DOVR LQ
PRVW RI WKH EUHDNXS GDWD VHULHV� ZKLFK DUH ORQJHU WKDQ RQH KXQGUHG \HDUV� +RZHYHU� WKHVH WUHQGV
DUH�FRQVLGHUDEO\�PLOGHU�WKDQ�WKRVH�FDOFXODWHG�IURP�WKH�ODVW�ILIW\�\HDUV�
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(DZDJ��'�EHQGRUI��6ZLW]HUODQG�
�
.(<:25'6��&/,0$7(�&+$1*(��/$.(�=85,&+��/$.(�02'(//,1*

7KH VXUIDFH ZDWHUV RI /DNH =XULFK �6ZLW]HUODQG� KDYH EHHQ ZDUPLQJ E\ DOPRVW ��� �& SHU GHFDGH
GXULQJ WKH \HDUV ���� WR ����� 6LPLODU WUHQGV KDYH EHHQ REVHUYHG LQ RWKHU &HQWUDO (XURSHDQ ODNHV�
7KH REVHUYHG ZDUPLQJ LV VWURQJHVW LQ VSULQJ DQG H[FHHGV WKH WUHQG LQ DLU WHPSHUDWXUH� 6LPXODWLRQV
RI WHPSHUDWXUH DQG VWUDWLILFDWLRQ ZLWK WKH RQH�GLPHQVLRQDO ODNH PRGHO 6LPVWUDW VKRZ WKDW WKH
ZDUPLQJ RI /DNH =XULFK FDQ EH IXOO\ H[SODLQHG E\ WKH REVHUYHG PHWHRURORJLFDO FKDQJHV� 7KH PRGHO
LV GULYHQ E\ KRPRJHQL]HG WLPH VHULHV RI DLU WHPSHUDWXUH� VRODU UDGLDWLRQ� YDSRU SUHVVXUH� ZLQG DQG
FORXGLQHVV VXSSOLHG E\ 0HWHR6ZLVV� 7KH FRQWULEXWLRQV RI GLIIHUHQW GULYHUV WR WKH ZDUPLQJ WUHQG DUH
HVWLPDWHG E\ PRGHO UXQV ZKHUH WKH WUHQGV IRU LQGLYLGXDO IRUFLQJ YDULDEOHV ZHUH UHPRYHG� 7KH
UHVXOWV LPSO\ WKDW WKH FRQWULEXWLRQV RI WKH LQGLYLGXDO GULYHUV LQ WKH UHFHQW SDVW GLIIHU IURP WKRVH
H[SHFWHG LQ IXWXUH VFHQDULRV GHULYHG IURP JOREDO FOLPDWH PRGHOV� &RQVHTXHQWO\� WKH HIIHFWV RI
IXWXUH FOLPDWH ZDUPLQJ RQ VWUDWLILFDWLRQ DQG PL[LQJ SURFHVVHV LQ &HQWUDO (XURSHDQ ODNHV PD\ EH
TXDOLWDWLYHO\�GLIIHUHQW�IURP�WKRVH�REVHUYHG�LQ�WKH�UHFHQW�SDVW�
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1DQVHQ�(QYLURQPHQWDO�5HVHDUFK�&HQWUH��.HUDOD��,QGLD
�
.(<:25'6��&/,0$7(�&+1$*(��7523,&$/�/$.(��$'$37$7,21

/DNHV DUH XQGHU WKUHDW IURP WKH LPSDFW RI HQYLURQPHQWDO GHJUDGDWLRQ DQG FKDQJLQJ FOLPDWH�
HVSHFLDOO\ LQ GHYHORSLQJ FRXQWULHV OLNH ,QGLD ZLWK IDVW ULVLQJ SRSXODWLRQ DQG ZLWK VHYHUDO VRFLDO�
HFRQRPLF DQG SROLWLFDO KXUGOHV LQ PDQDQJHPHQW DQG LQ LPSOHPHQWLQJ DGDSWDWLRQ PHDVXUHV� 7KH
6DVWKDPNRWWD /DNH� D GHVLJQDWHG 5DPVDU VLWH LQ WKH VRXWK�ZHVWHUQ ,QGLDQ 6WDWH RI .HUDOD LV D
GHVLJQDWHG ZHWODQG DQG WKH RQO\ IUHVKZDWHU ODNH LQ .HUDOD� 7KLV VSULQJ�IHG ODNH LV WKH VRXUFH RI
GULQNLQJ ZDWHU IRU KDOI D PLOOLRQ SHRSOH DQG UHVLGHQFH RI QHDUO\ �� IUHVKZDWHU ILVK VSHFLHV�
+RZHYHU� WKH LQSXW RI FKHPLFDOV� IHUWLOL]HUV DQG SHVWLFLGHV IURP WKH DJULFXOWXUDO ODQGV FDUULHG
WKURXJK IORZLQJ ZDWHU IURP HYHQ IDU LQODQG� DQG WKH GHWHUJHQWV DQG XQWUHDWHG GRPHVWLF HIIOXHQWV
IURP QHDUE\ XUEDQ DUHDV FRQWDPLQDWH WKH ODNH¶V UHODWLYHO\ SXUH ZDWHU� WKUHDWHQLQJ WKH OLIH RI PLOOLRQV
GHSHQGLQJ RQ LW� 1HHGV LQ GRPHVWLF DQG DJULFXOWXUDO VHFWRU DVVRFLDWHG ZLWK LQFUHDVLQJ SRSXODWLRQ
DQG WKH H[WUHPHV LQ ORFDO FOLPDWH DV SDUW RI JOREDO DQRPDOLHV ZRUVHQ WKH VLWXDWLRQ� ,QFUHDVLJ UDLQIDOO
LQWHQVLW\ FDXVHV ODUJH�VFODH HURVLRQ LQ WKH XSSHU KLOOV DQG WKH VHGLPHQW ORDG FDUULHG E\ ULYHUV
WKUHDWHQV WKH H[LVWHQFH RI WKH ODNH� ,QFUHDVLQJ ULDQIDOO VHDVRDQDOLW\ UHGXFHV WKH VXPPHU UXQRII�
DIIHFWLQJ TXDOLW\ DQG TXDQWLW\ RI ZDWHU� $UHD RI WKH ODNH LV VKULQQNLQJ IDVW EHFDXVH RI HQFURDFKPHQW�
YLRODWLQJ H[LVLWQJ UXOHV� 3RVVLEOH ULVH LQ VHD OHYHO PD\ FRQWDPLQDWH WKH ODNH E\ WKH HQG RI WKH
FHQWXU\ LI DGDSWDWLRQ PHDVXUHV DUH QRW UHVRUWHG WR� DV WKH ODQG EHWZHHQ WKH ODNH DQG WKH $UDELDQ
6HD LV OHVV WKDQ D PHWUH IURP WKH KLJK WLGH OLQH� 1HZ GHYHORSPHQW SURMHFWV VXFK DV WKH QDWLRQDO
ULYHU OLQNLQJ SURMHFW LV OLNHO\ WR UHGXFH IUHHVKZDWHU LQSXW LQWR WKH ODNH� 5XOHV DQG UHJXODWLRQV IRU WKH
SURWHFWLRQ RI ODNH EHFRPH IDUFH EFDXVH RI YDULRXV VRFLDO DQG SROLWLFDO UHDVRQV� ,Q WKLV SDSHU� D
FRPSUHKHQVLYH VWXG\ RI WKH IDFWRUV OHDGLQJ WR WKH GHJUDGDWLRQ RI WKH ODNH� DQ DVVHVVPHQW RI WKH
LPSDFW RI FKDJLQJ FOLPDWH DQG D UHYLHZ RI FXUUHQW SROLFLHV� UHJXODWLRQV DQG PDQDJHPHQW SUDFWLFHV
KDYH EHHQ FDUULHG RXW� &KDQJHV LQ UXQRII DQG ZDWHU DYDLODELOLW\ LQ WKH DUHD XQGHU D SUHGLFWHG
FKDQJH LQ FOLPDWH KDYH EHHQ DVVHVVHG XVLQJ K\GURORJLFDO PRGHO� 5HVXOWV ZDUQ D GHFUHDVLQJ
DYDLODELOLW\ RI UHOLDEOH ZDWHU� ERWK GXH WR DQWKURSRJHQLF DQG FOLPDWH FKDQJH LPSDFWV� *XLGHOLQHV IRU
WKH�EHWWHU�DGDSWDWLRQ�DQG�PLWLJWLRQ�VWUDWHJLHV�KDYH�EHHQ�SURYLGHG��

35(6(17$7,21�7<3(��25$/
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/LPQRORJ\�,QVWLWXWH�RI�5XVVLDQ�$FDGHP\�RI�6FLHQFHV��6W��3HWHUVEXUJ��5XVVLD

/LPQRORJ\�,QVWLWXWH�RI�5XVVLDQ�$FDGHP\�RI�6FLHQFHV��6W��3HWHUVEXUJ��5XVVLD

/LPQRORJ\�,QVWLWXWH�RI�5XVVLDQ�$FDGHP\�RI�6FLHQFHV��6W��3HWHUVEXUJ��5XVVLD
�
.(<:25'6���,&(�&29(5��&/,0$7(�&+$1*(��/$.(�/$'2*$

7KH ODUJHVW ODNH LQ (XURSH � /DNH /DGRJD � 6  ����� VT�NP�� 9  ��� FX�NP� LV VLWXDWHG DW ��� 1
ODWLWXGH� :LQWHU FRQGLWLRQV SOD\ DQ LPSRUWDQW UROH IRU WKH ODNH DQG VHUYH DV FOLPDWH FKDQJH LQGLFDWRU�
7KH LFH FRYHU ODVWV IRU ��� � � GD\V RQ DYHUDJH IURP WKH HDUO\ 1RYHPEHU XQWLO WKH PLG�0D\� $
GLJLWDO /DNH /DGRJD LFH FRYHU GDWD VHW ZDV FUHDWHG WR FRQVWUXFW WLPH VHULHV RI D JULG ��GD\ LFH
FRQFHQWUDWLRQ DQG XVHG WKLV JULG IRU LQYHVWLJDWLRQ RI WKH VHDVRQDO SURJUHVVLRQ RI WKH VSDWLDO
GLVWULEXWLRQ SDWWHUQV RI LFH FRYHU IURP ���� WR ����� 0RUH WKDQ ����� VXUYH\V RI WKH ODNH¶V LFH
FRYHU ZHUH FROOHFWHG E\ XVLQJ DLUFUDIW VXUYH\V DQG VDWHOOLWH LPDJHV IRU ZLQWHUV RI GLIIHUHQW W\SHV RI
VHYHULW\� ,W KDYH EHHQ VKRZQ WKDW /DNH /DGRJD LFH FRYHU GHFUHDVHG VLJQLILFDQWO\ IURP HLJKWLHV RI
ODVW FHQWXU\� 6LQFH LFH SKHQRORJ\ UHFRUGV VKRZ FRQVLGHUDEOH \HDU�WR�\HDU YDULDWLRQ ZH KDYH XVHG
VL[ WHOHFRQQHFWLRQ LQGLFHV �1$2� $2� 6&$1'� ($�:5� 32/� IRU WKH SHULRG IURP 2FWREHU WR 0D\
IRU HVWLPDWLRQ RI GLIIHUHQW W\SHV RI /DNH /DGRJD¶V LFH FRQGLWLRQV� :H VHOHFWHG UHSUHVHQWDWLYH
SDUDPHWHUV IRU IXUWKHU GHWHFWLRQ RI FOLPDWH FKDQJH� :H KDYH GHYHORSHG PXOWL�UHJUHVVLRQ PRGHOV WR
HVWLPDWH WKH 5HODWLYH ,FH &RYHU ,QGH[ �5,&,� IRU ZKROH ZLQWHU FRQGLWLRQ DQG RWKHU LFH FKDUDFWHULVWLFV
DV�GDWHV�RI�ILUVW�DQG�ODVW�LFH�DQG�PD[LPXP�RI�DFFXPXODWHG�IUHH]LQJ�GHJUHH�GD\V��$)''V��
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$53$�/D]LR��5LHWL��,WDO\

3URYLQFLD�GL�7HUQL��7HUQL��,WDO\

$53$�8PEULD��3HUXJLD��,WDO\

$53$�8PEULD��3HUXJLD��,WDO\

,635$��5RPH��,WDO\

$53$�/D]LR��5LHWL��,WDO\

3URYLQFLD�GL�7HUQL��7HUQL�,WDO\

$53$�/D]LR��5LHWL��,WDO\

$53$�8PEULD��3HUXJLD��,WDO\

1D]]DQR�7HYHUH�)DUID�5HVHUYH��,WDO\
�
.(<:25'6��$57,),&,$/�/$.(6��:(7/$1'6�5(6725$7,21��,03$&76

)RXU RQ VWUHDP GDPV DQG UHODWHG K\GUR SRZHU SODQWV DUH ORFDWHG LQ WKH FHQWUDO SDUW RI WKH 7LEHU
5LYHU DQG LWV SULQFLSDO WULEXWDU\ WKH 1HUD 5LYHU� LQYROYLQJ ODUJH K\GURJUDSKLF EDVLQV� /HQWLF ZDWHU
ERGLHV GHYHORSHG XSVWUHDP� FRYHULQJ WKH ZKROH ULYHU IORRG FKDQQHO DQG SHULSKHUDO ODJRRQV RU
PDUVKHV� DUH FRQVLGHUHG DV +HDYLO\ 0RGLILHG :DWHU %RGLHV DFFRUGLQJ WR (8 :DWHU )UDPHZRUN
'LUHFWLYH �',5 �������&(� DQG DUH HVWDEOLVKHG DV SURWHFWHG DUHDV �6SHFLDO $UHDV RI &RQVHUYDWLRQ�
������&(( 'LUHFWLYH� 6SHFLDO 3URWHFWLRQ $UHDV IRU %LUGV� ���������&( 'LUHFWLYH� 5DPVDU 6LWHV��
7KH\ DUH VXEMHFW WR KLJK YDULDEOH DUWLILFLDO GLVFKDUJH UDWHV� DQG WR LQVLJQLILFDQW UHVLGHQFH WLPHV
DORQJ ULYHU FKDQQHOV� ³$OYLDQR ODJRRQ´� ::) 2DVLV DOVR� LV MXVW EHORZ &RUEDUD /DNH� D JUHDW
UHVHUYRLU� ³5HFHQWLQR DQG 6� /LEHUDWR ODNHV´ SOD\ HQG UROH RI WKH FRPSOH[ 1HUD K\GUR�SRZHU
V\VWHP� DQG DUH H[SRVHG WR LPSDFWV IURP VWHHO DQG FKHPLFDO LQGXVWULDO VLWHV� ³1D]]DQR 1DWXUDO
5HVHUYH´� DIWHU WKH FRQIOXHQFH RI 1HUD 5LYHU� KDV D ORQJ OHQWLF ZDWHUFRXUVH WUDLW� IL[HG ZDWHU OHYHO�
DQG DQ LPSRUWDQW PDFURSK\WHV PDUVK DUHD DW WKH )DUID 5LYHU LQOHW� WKH ODWWHU SURYLGLQJ� LQ WKHRU\�
FOHDU VSULQJ ZDWHU� 0RQLWRULQJ GDWD HYLGHQFHG WKDW ELRGLYHUVLW\ DQG HFRORJLFDO VWDWXV RI WKHVH
HQYLURQPHQWV DUH RIWHQ FULWLFDOO\ HQGDQJHUHG� WXUELGLW\� FKHPLFDOV� VHGLPHQW DFFXPXODWLRQ DQG
SROOXWLRQ� K\GUDXOLF UHJXODWLRQ� GUHGJLQJ DQG GHVOLPH ZRUNV� IORRGV DQG GURXJKW� FDQ VXGGHQO\
GHWHULRUDWH WKH IUDJLOH DUWLILFLDO HTXLOLEULXP� 1HZ SHUVSHFWLYHV IRU DQ HFRORJLFDO VXVWDLQDEOH
PDQDJHPHQW DQG WKH FUHDWLRQ RI ULYHULQH ZHWODQGV DUH VXJJHVWHG� VWDUWLQJ IURP D ZLGHU ULYHU
UHVWRUDWLRQ DSSURDFK �OLNH 5LYHU DQG /DNH &RQWUDFW� SXEOLF SDUWLFLSDWLRQ� ZKLFK LQYROYHV ZKROH
IOXYLDO FRUULGRU� HFRORJLF QHWZRUN� TXDUU\ GHJUDGHG DUHDV� VHGLPHQW PDQDJHPHQW� K\GURORJLFDO
G\QDPLFV�DQG�ZDWHU�XVH�
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.,,7�8QLYHUVLW\��2GLVKD��,QGLD

.,,7�8QLYHUVLW\��2GLVKD��,QGLD
�
.(<:25'6��)5(6+�:$7(5�/$.(�),6+(5<�327(17,$/��%,2',9(56,7<�&/,0$7(�&+$1*(�2',6$�,1',$��62&,2�(&2120,&

/DNH $QVXSD�WKH ELJHVW IUHVK ZDWHU ODNH LQ WKH VWDWH RI 2GLVD� ,QGLD LV +,*+/< 352'8&7,9(
(&26<67(0�L7 KDV XQLTXLH %LRGHUVLW\ FKUDFWHU�,W KDUERXUV �� W\SHV RI ILVKHV�DERXW �� W\SHV RI
ERWK IORDWLQJ 	 VXEPHUJHG W\SH RI DTXDWLF YHJHW$7,21� �W+( 0$,1 5(6285&( ,6
),6+(5<�$%287 ��� /$.+ 3(23/( /,9( $55281' 7+( )5(6+ :$7(5 /$.(�WKH\ GHSHQG
RQ ILVKHU\ UHVRXUFHV IRU WKHLU OLYLO\KRRG�7KLV ODNH LV VXIIHULQJ IURP YDULRXV HQY� GHJUDGDWLRQV OLNH
VLOWDWLRQ�ZHHG LQIHVWDWLRQ 	 ZDWHU TXDOLW\ GHJUDGDWLRQ�7KHVH KDYH DGYHUVHO\ DIIHFWHG WKH GD\ WR
OLYLQJ RI WKH SHRSOH OLYLQJ QHDU WKH SHULSKHU\ RI WKH ODNH� WKH LQWHJUDWHG VXVWDLQDEOH HQY�
PDQDJHPHQW SODQ ZKLFK ZDV LQLWLDWHG KDV EHHQ YHU\ UHFHQWO\ FRPSOHWHO\ VKDWWHUHG E\ GUDVWLF
FOLPDWH FKDQJH�7KH 6XGGHQ ULVH LQ WHPSHUDWXUH DERXW �� GHJUHHV FHOFLXV KDV HYDSRUDWHG PRVW RI
WKH ZDWHU� 7KH ZDWHU OHYHO KDV FRPH GRZQ GUUDVWLFDOO\�7KH 8QGHU JURXQG DTLIHUV DUH GU\LQJ XS�7KH
ZDWHU WDEOZ KDV JRQH GRZQ� $V D UHVXOW WKH ILVKHU\ SRWHQWLDO KDV FRQVLGHUDEO\
GHFUHDVHG��$GYHUVHO\ DIIHFWLQJ WKH GD\ WR GD\ OLYLQJ RI WKH SHRSOH�7KH VXGGHQ VWRUP 	 +HDY\
XQXVXDO IORRG KDV GHYDVWDWHG WKH HFRORJ\ RI WKH V\VWHP�7KH 6RFLR(FRQRPLF VWXG\ WKURXJK 5DSLG
5XUDO $SSUDLVDO55$ 	 7KURXJK 35$�3DUWLFLSDWRU\ 5XUDO $SSUDLVDO WHFKQLTHV UHYHDOHG WKDW WKHLU
6RFLR(FRQRPLF FRQGLWLRQV KDYH GUDVWLFDOO\ FKDQJHG GXH WR VXGGHQ FOLPDWLF FKDQJH LQ WKLV WURSLFDO
DUHD�$OO WKHVH SK\VLFDO FKHPLFDO IDFWRUV KDYH EHHQ VWXGLHG LQ GHWDLO ZLWK GHWDLOHG VRFLRHFRQRPLF
VWXGLHV�7KH UHVXOWV KDYH EHHQ FRRUHODWHG ZLWK WKH GUDVWLF FKDQJHV LQ FOLPDWLF FRQGLWLRQV RI WKLV
IDPRXV�IUHVK�ZDWHU�ZHWODQG�
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*HQHUDO�'LUHFWRUDWH�RI�6WDWH�+\GUDXOLF�:RUNV�*$3���WK�5HJLRQDO�'LUHFWRUDWH��ùDQOÕXUID��7XUNH\

*HQHUDO�'LUHFWRUDWH�RI�6WDWH�+\GUDXOLF�:RUNV�*$3���WK�5HJLRQDO�'LUHFWRUDWH��ùDQOÕXUID��7XUNH\

*HQHUDO�'LUHFWRUDWH�RI�6WDWH�+\GUDXOLF�:RUNV�*$3���WK�5HJLRQDO�'LUHFWRUDWH��ùDQOÕXUID��7XUNH\
�
.(<:25'6��$7$7�5.�'$0�/$.(���&/,0$7(�&+$1*(��1213$5$0(75,&�7(676

,Q WKLV VWXG\ � $WDW�UN 'DP /DNH DQG LWV LUULJDWLRQV KDYH EHHQ RSHQHG WR RSHUDWLRQ HIIHFWV RI
PHWHRURORJLFDO YDULDEOHV WKDW REWDLQHG IURP WKH PHWHRURORJLFDO VWDWLRQV RI ùDQOÕXUID� 6LYHUHN�
+LOYDQ� $NoDNDOH� %R]RYD DQG &H\ODQSÕQDU WKDW EHORQJ WR WKH *HQHUDO 'LUHFWRUDWH RI 0HWHRURORJ\
XQWLO ���� GDWD ZDV LQYHVWLJDWHG E\ VWDWLVWLFDO PHWKRGV� )RU PDQ\ \HDUV� WKH PRQWKO\ PHDQ
WHPSHUDWXUH� PRQWKO\ PD[LPXP WHPSHUDWXUH� PRQWKO\ PLQLPXP WHPSHUDWXUH� PRQWKO\ PHDQ
UHODWLYH KXPLGLW\ DQG PRQWKO\ WRWDO SUHFLSLWDWLRQ REVHUYDWLRQV DUH XVHG� .HQGDOO 5DQN &RUUHODWLRQ
WHVW ZDV DQDO\]HG ZLWK WKH REVHUYDWLRQV FKDQJH RYHU WLPH DQG VKRZHG VRPH WHQGHQF\ WR LQFUHDVH
RU GHFUHDVH LQ WKH VHDVRQV RI REVHUYDWLRQV� 7KHQ� EHIRUH�DIWHU REVHUYDWLRQV RI GDP DQG� EHIRUH�
DIWHU�REVHUYDWLRQV�RI�LUULJDWLRQ���UHVXOWV�DQDO\]HG�E\�0DQQ�:KLWQH\�WHVW�FKDQJH�ZHUH�REWDLQHG�

35(6(17$7,21�7<3(��3267(5
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/DNH�$WLWOiQ�%DVLQ�$XWKRULW\���352/$*2��*XDWHPDOD
�
.(<:25'6��&/,0$7(�&+$1*(��$'$37$7,21��0$<$

7KH /DNH $WLWOiQ %DVLQ� LQ WKH YROFDQLF PRXQWDLQV RI *XDWHPDOD� KDV VXIIHUHG IURP H[WUHPH FOLPDWLF
HYHQWV LQ WKH SDVW GHFDGH� 7KH ILUVW GLVDVWURXV UDLQVWRUP QDPHG 0LWFK RFFXUUHG LQ WKH \HDU �����
6WDQ LQ ����� $JDWKD DQG $OH[ LQ ����� DQG VWRUP (�� GXULQJ ����� 7KHVH QDWXUDO GLVDVWHUV
WULJJHUHG VHYHUDO VRFLDO UHVSRQVHV LQ WKLV PXOWLFXOWXUDO ODQGVFDSH� 7KHVH HYHQWV ZHUH ODWHU
H[DFHUEDWHG E\ WKH ODNH UHVSRQVH ZLWK F\DQREDFWHULD EORRPV� 7KLV SDSHU H[DPLQHV WKH FKDQJHV LQ
WKH ODNH DQG WKH UHVSRQVH E\ GLIIHUHQW JURXSV RI ODNH VWDNHKROGHUV WR WKH FRQVHTXHQFHV RI FOLPDWH
FKDQJH� 7R EH DEOH WR H[SODLQ WKH FRPSOH[LW\ RI WKH UHVSRQVHV WR H[WUHPH FOLPDWH HYHQWV� D
PXOWLGLVFLSOLQDU\ UHYLHZ LV REOLJDWRU\� 7KLV LQFOXGHV� DQDO\VLV RI FOLPDWH UHFRUGV� KLVWRU\ RI
DQWKURSRJHQLF GLVWXUEDQFH� ODNH HFRORJ\ DQG ZDWHU TXDOLW\ FKDQJHV� DQG FULVLV UHVSRQVH DV
UHVHDUFK� SROLF\� SODQQLQJ� DQG DFWLRQV E\ GLIIHUHQW JURXSV RI VWDNHKROGHUV� 3UHVHQWO\� PRUH WKDQ
��� RI WKH SRSXODWLRQ DW WKH /DNH $WLWOiQ %DVLQ EHORQJV WR LQGLJHQRXV 0D\DQ HWKQLF JURXSV�
3DOHROLPQRORJ\ UHVHDUFK LQ ODNHV RI WKH 0HVRDPHULFDQ UHJLRQ FRQFOXGH WKDW WKH GRZQIDOO RI WKH
0D\D &ODVVLF SHULRG ���������� %3� ZDV GXH WR VHYHUH GURXJKWV� ZKLFK LPSOLHV WKDW WKH VXUYLYRUV
RI WKHVH FDWDVWURSKLF FOLPDWH FKDQJHV KDYH LQFRUSRUDWHG DGDSWDWLRQV LQ WKHLU FXOWXUDO HYROXWLRQ DQG
WUDGLWLRQDO ZD\ RI OLIH� IDYRULQJ VXVWDLQDELOLW\ RI UHVRXUFHV DQG HQYLURQPHQWDO VHUYLFHV� $ PLQRULW\ RI
QRQ�LQGLJHQRXV ODNH VWDNHKROGHUV WHQGV WR VLGHWUDFN IURP LVVXHV RI VXVWDLQDELOLW\ DQG DGDSWDWLRQV
WR�FOLPDWH�FKDQJH�

35(6(17$7,21�7<3(��25$/
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5HVHDUFK�,QVWLWXWH�RI�:DWHU�6HFXULW\�5,:6���:XKDQ�8QLYHUVLW\��:XKDQ��&KLQD
�
.(<:25'6��(&2�:$7(5��%$/$1&,1*�08/7,3/(�86(�2)�:$7(5���%267(1�/$.(

%RVWHQ /DNH LQ 7DULP 5LYHU WKDW LV ORFDWHG WR :HVW RI &KLQD LV WKH ELJJHVW LQODQG ULYHU ODNH LQ &KLQD
ZLWK ZDWHU DUHD RI ������ NP� WKDW SOD\V D NH\ UROH IRU VXVWDLQDEOH GHYHORSPHQW RI ZKROH 7DULP
5LYHU %DVLQ� +RZHYHU� ZDWHU UHVRXUFHV PDQDJHPHQW DQG ZDWHU DOORFDWLRQ IDFH ELJ FKDOOHQJHV GXH
WR FRQWUDGLFWLRQV DQG FRQIOLFW DPRXQW XSVWUHDP� ODNH DQG GRZQVWUHDP WR FKDQJLQJ HQYLURQPHQW� LQ
ZKLFK HFR�ZDWHU XVH EHFRPHV D NH\ LVVXH RQ EDODQFLQJ PXOWLSOH XVH RI ZDWHU LQ LQODQG ULYHU EDVLQ�
7KLV SDSHU GHYHORSHG D VXVWDLQDEOH ZDWHU PDQDJHPHQW DSSURDFK DSSOLHG WR %RVWHQ /DNH DQG
7DULP 5LYHU %DVLQ EDVHG RQ WKUHH PDLQ SULQFLSOHV� L�H�� VXVWDLQDELOLW\� FDUU\LQJ FDSDFLW\ DQG EHQHILW�
$ EDVLQ ZDWHU V\VWHP PRGHO LV GHYHORSHG WR TXDQWLI\ LQWHUDFWLRQ DPRXQW ZDWHU TXDQWLW\� ZDWHU
TXDOLW\ DQG HFRV\VWHP VXVWDLQDELOLW\� &DVH VWXG\ RI VXVWDLQDEOH ZDWHU PDQDJHPHQW LQ %RVWHQ ODNH
DQG 7DULP 5LYHU DUH JLYHQ DV H[SODQDWLRQ RQ VROXWLRQ IRU EDODQFLQJ PXOWLSOH ZDWHU XVHV DQG
HFRV\VWHP�VXVWDLQDELOLW\�ZLWK�VLJQLILFDQ�VRFLDO�DQG�HFRV\VWHP�EHQLILWV�LQ�ZKROH�EDVLQ�LQ�SUDFWLFH�

35(6(17$7,21�7<3(��25$/

���

��WK�:RUOG�/DNH�&RQIHUHQFH�������6HSWHPEHU�������3HUXJLD��,WDO\



06������&OLPDWH�FKDQJH�WUHQGV�DQG�DGDSWDWLRQ

8QLYHUVLWj�GHOOD�7XVFLD��,WDO\

8QLYHUVLWj�GHOOD�7XVFLD��9LWHUER��,WDO\

8QLYHUVLWj�GHOOD�7XVFLD��9LWHUER��,WDO\
�
.(<:25'6��9,&2�/$.(��92/&$1,&�$48,)(5��:$7(5�%8'*(7

7KH &LPLQR�9LFR K\GURJHRORJLFDO V\VWHP LV FKDUDFWHUL]HG E\ D FRQWLQXRXV EDVDO DTXLIHU DQG
SHUFKHG DTXLIHUV RI OLPLWHG H[WHQVLRQ �&DSHOOL HW DO� ����� %DLRFFKL HW DO� ������ *URXQGZDWHU IORZV
LQ YROFDQLF DQG S\URFODVWLF IRUPDWLRQV� ZKRVH VXEVWUDWH LV IRUPHG E\ WKH 3OLR�3OHLVWRFHQH DQG 0HVR�
&HQR]RLF VHGLPHQWDU\ IRUPDWLRQV� 7KH UHFKDUJH DUHD RI WKH EDVDO DTXLIHU OLHV EHWZHHQ WKH &LPLQL
0RXQWDLQV DQG 9LFR /DNH� 7KH ODNH UHSUHVHQWV DQ RXWFURS RI WKH EDVDO DTXLIHU EHLQJ IHG LQ WKH
QRUWKHUQ VHFWRU DQG IHHGLQJ WKH DTXLIHU LQ RWKHU GLUHFWLRQV �)LJ� ��� )LHOG LQYHVWLJDWLRQV FRQILUPHG
WKH SUHVHQFH RI SHUFKHG DTXLIHUV LQ WKH QRUWKHUQ DQG HDVWHUQ H[WHUQDO VLGHV RI WKH FDOGHUD� GXH WR
WKH H[WUHPH KHWHURJHQHLW\ RI WKH S\URFODVWLF GHSRVLWV RI 9LFR YROFDQR �6ROOHYDQWL ������ &RQFHUQLQJ
WKH SRUWLRQ RI DTXLIHU LQYROYLQJ WKH ODYD GRPHV� LW WXUQHG WR EH D GRPH�LPSRXQGHG JURXQGZDWHU
�%DLRFFKL HW DO� ������ 1XPHULFDO PRGHO $ QXPHULFDO PRGHO ZDV LPSOHPHQWHG LQ 02')/2:�����
�+DUEDXJK HW DO�� ����� DQG FRYHUHG DQ DUHD RI ��� NP�� 7KH GLVFUHWL]DWLRQ ZDV SHUIRUPHG E\ D
JULG RI ������ FHOOV ����[��� P� IRU D VLQJOH OD\HU� 7KH XSSHU OLPLW ZDV GHILQHG E\ D '(0 ZLWK WKH
GHWDLO RI �� P� WKH ORZHU RQH ZDV LQIHUUHG IURP K\GURVWUDWLJUDSKLF ORJV DQG UHVXOWV RI FRQFHSWXDO
PRGHO� 7KH LQLWLDO K\GUDXOLF KHDGV ZHUH DVVLJQHG DFFRUGLQJ WR WKH UHFRQVWUXFWHG SRWHQWLRPHWULF
PDS� 7KH (� : DQG 6 OLPLWV RI WKH PRGHO DUH KHDG�GHSHQGHQW IORZ ERXQGDULHV �*+%�� IXQFWLRQ RI
WKH UHFRQVWUXFWHG SRWHQWLRPHWULF ILHOG �)LJ� � DQG ��� 7KH ODNH LV VLPXODWHG ZLWK WKH /$.� SDFNDJH
�0HUULWW DQG .RQLNRZ ����� ZLWK GLUHFW UHFKDUJH RQ WKH VXUIDFH RI WKH ODNH ����� î ���� P�V� DQG
UXQRII ZLWKLQ WKH FDOGHUD ���� î ���� P�V� HVWLPDWHG WKURXJK WKH EXGJHW� $TXHGXFW ZLWKGUDZDOV
ZHUH DVVLJQHG DFFRUGLQJ WR RIILFLDO GDWD ����� î ���� P�V�� 7KH DYHUDJH DQQXDO UHFKDUJH ZDV
DVVLJQHG DFFRUGLQJ WR RQH RXW RI IRXU EXGJHW VFHQDULRV FDOFXODWHG LQ *,6 HQYLURQPHQW� 7KH
DXWRPDWLF FDOLEUDWLRQ �XVLQJ 3(67 ����� 'RKHUW\ ����� ZDV FDUULHG RXW DFFRUGLQJ WR WZR GLIIHUHQW
DSSURDFKHV� WKH ILUVW RQH FRQVLGHUHG YDOXHV DQG JHRPHWU\ RI WKH ]RQHV RI K\GUDXOLF FRQGXFWLYLW\
�=&�� WKH VHFRQG DSSOLHG WKH PHWKRG RI SLORW SRLQWV �33� �&HUWHV DQG 'H 0DUVLO\������� 0RUH WKDQ
��� REVHUYDWLRQ SRLQWV DOORZHG WR UHDFK D JRRG DJUHHPHQW EHWZHHQ WKH PHDVXUHG DQG FDOFXODWHG
KHDGV� DV ZHOO DV EHWZHHQ WKH ZDWHU EXGJHW DQDO\WLFDOO\ HVWLPDWHG DQG WKH RQH FDOFXODWHG E\ WKH
QXPHULFDO PRGHO� 7KH WZR FDOFXODWHG SRWHQWLRPHWULF VXUIDFHV DUH FRQVLVWHQW ZLWK PHDVXUHG GDWD
DQG YROXPHV RI WKH EXGJHW DUH FRPSDUDEOH� HVSHFLDOO\ LQ 33 FDOLEUDWLRQ� &RQFOXVLRQV $ GHWDLOHG
K\GURJHRORJLFDO VFKHPH RI WKH 9LFR EDVLQ ZDV GHILQHG WKURXJK QHZ LQYHVWLJDWLRQV� 1HZ HOHPHQWV
DFTXLUHG FDQ EH VXPPDUL]HG DV IROORZV� � 3RVVLEOH SUHVHQFH RI FRQWDPLQDQW LQ JURXQGZDWHU FRXOG
RQO\ UHDFK WKH ODNH IURP WKH QRUWKHUQ VHFWRU� LQ RWKHU DUHDV� IORZV DUH RULHQWHG IURP WKH ODNH
WRZDUGV WKH DTXLIHU� � 7KH PRGHOLQJ SURYLGHG HVWLPDWHV RI ZDWHU ORVV IURP WKH ODNH WRZDUGV
JURXQGZDWHU� SUHYLRXVO\ HVWLPDWHG RQO\ LQGLUHFWO\ IURP WKH ZDWHU EXGJHW� � 7KH K\GURJHRORJLFDO
VFKHPH LV FKDUDFWHUL]HG E\ WKH LQWHUDFWLRQ RI GLIIHUHQW FRPSRQHQWV� D EDVDO FRQWLQXRXV DTXLIHU
FRQQHFWHG WR WKH ODNH VXUIDFH� D GHHS DTXLIHU ZLWK XSIORZV WRZDUGV WKH EDVDO YROFDQLF DTXLIHU DQG
WKH ODNH� SHUFKHG DTXLIHUV V�V� LQ WKH 9LFR YROFDQLF GHSRVLWV� DQG GRPH�LPSRXQGHG JURXQGZDWHU DW
WKH HGJH RI WKH &LPLQL GRPHV� 5HIHUHQFHV %DLRFFKL $� 'UDJRQL :� /RWWL )� /X]]L *� 3LVFRSR 9
������ 2XWOLQH RI WKH K\GURJHRORJ\ RI WKH &LPLQR DQG 9LFR YROFDQLF DUHD DQG RI WKH LQWHUDFWLRQ
EHWZHHQ JURXQGZDWHU DQG /DNH 9LFR �/D]LR 5HJLRQ� &HQWUDO ,WDO\�� %ROO� 6RF� *HRO� ,W�� ����
�������� %DLRFFKL $� %DUELHUL 0� %DWWLVWHO0� /DYLQLD 0�3� 'HOIDQWL /03� /RWWL )� 0DGRQQD 6�
3LVFRSR 9� ������ 7KH UROH RI SHUFKHG DTXLIHUV DQG GRPH�LPSRXQGHG JURXQGZDWHU LQ GULQNLQJ
ZDWHU VXSSO\ LQ WKH &LPLQR�9LFR YROFDQRHV �FHQWUDO ,WDO\�� 3UHVHQW $EVWUDFW 9ROXPH� &DSHOOL /�
0D]]D 5� *D]]HWWL & ������ 6WUXPHQWL H VWUDWHJLH SHU OD WXWHOD H O¶XVR FRPSDWLELOH GHOOD ULVRUVD
LGULFD QHO /D]LR� *OL DFTXLIHUL YXOFDQLFL� 4XDGHUQL GL WHFQLFKH GL SURWH]LRQH DPELHQWDOH� 3URWH]LRQH

���

��WK�:RUOG�/DNH�&RQIHUHQFH�������6HSWHPEHU�������3HUXJLD��,WDO\



GHOOH DFTXH VRWWHUUDQHH� 3LWDJRUD� %RORJQD� &HUWHV &� 'H 0DUVLO\ * ������� $SSOLFDWLRQ RI WKH SLORW�
SRLQWV PHWKRG WR WKH LGHQWLILFDWLRQ RI DTXLIHU WUDQVPLVVLYLWLHV� $GYDQFHV LQ :DWHU 5HVRXUFHV� �� ����
���±���� 'RKHUW\ - ������ 3(67 0RGHO�,QGLSHQGHQW 3DUDPHWHU (VWLPDWLRQ� :DWHUPDUN QXPHULFDO
FRPSXWLQJ� +DUEDXJK $:� %DQWD (5� +LOO 0&� 0F'RQDOG 0* ������ 02')/2:������ WKH 8�6�
*HRORJLFDO 6XUYH\ PRGXODU JURXQG�ZDWHU PRGHO� 8VHU JXLGH WR PRGXODUL]DWLRQ FRQFHSWV DQG WKH
*URXQG�:DWHU )ORZ 3URFHVV� 86*6 2SHQ�)LOH 5HSRUW ������ 0HUULWW 0/� .RQLNRZ /) ������
'RFXPHQWDWLRQ RI D FRPSXWHU SURJUDP WR VLPXODWH ODNH�DTXLIHU LQWHUDFWLRQ XVLQJ WKH 02')/2:
JURXQG�ZDWHU IORZ PRGHO DQG WKH 02&�' VROXWH�WUDQVSRUW PRGHO� 86*6 :DWHU�5HVRXUFHV
,QYHVWLJDWLRQV 5HSRUW �������� 6ROOHYDQWL )� ������ *HRORJLF� YROFDQRORJLF DQG WHFWRQLF VHWWLQJ RI
WKH�9LFR�&LPLQR�DUHD��,WDO\��-��9ROF��*HRWKHU��5HV���������������

35(6(17$7,21�7<3(��25$/
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06������&OLPDWH�FKDQJH�WUHQGV�DQG�DGDSWDWLRQ

8QLYHUVLWj�GHJOL�6WXGL�5RPD�7UH��5RPH��,WDO\

*HRORJLFDO�6XUYH\�RI�'HQPDUN�DQG�*UHHQODQG��*(86��&RSHQKDJHQ��'HQPDUN

8QLYHUVLWj�GHJOL�6WXGL�5RPD�7UH��5RPH��,WDO\
�
.(<:25'6��180(5,&$/�*5281':$7(5�02'(/��/$.(�%5$&&,$12��+<'52�0(7(252/2*,&$/�7,0(�6(5,(6

%UDFFLDQR YROFDQLF FDOGHUD ODNH �,WDO\� LV SDUW RI WKH 6DEDWLQL +\GURJHRORJLFDO 8QLW� 6WXGLHV LQGLFDWH
WKDW WKH ODNH LV LQ GLUHFW FRQWDFW ZLWK WKH PDLQ DTXLIHU� 7KH DUHD LV H[SRVHG WR FRQWLQXRXV VWUHVVHV
IURP VHYHUDO SXEOLF DQG SULYDWH SXPSLQJ ZHOOV WDSSLQJ WKH JURXQGZDWHU DTXLIHU� 2YHU WKH ODVW WKLUW\
\HDUV WKH ZLWKGUDZDOV IURP WKH DTXLIHU KDYH LQFUHDVHG� $QRWKHU VWUHVV RQ WKH V\VWHP LV FOLPDWH
FKDQJH OHDGLQJ WR FKDQJHV LQ SUHFLSLWDWLRQ DQG WHPSHUDWXUH FRQGLWLRQV� ZKLFK LQ WXUQ DIIHFW DTXLIHU
UHFKDUJH DQG WKH ODNH ZDWHU EXGJHW� 7KH HIIHFWV RI JOREDO ZDUPLQJ DUH LQFUHDVLQJO\ HYLGHQW �,3&&
������ DQG DUH H[SHFWHG WR OHDG WR DQ LQFUHDVH LQ WKH XVH RI JURXQGZDWHU� $ QXPHULFDO JURXQGZDWHU
IORZ PRGHO RQ WKH %UDFFLDQR ODNH DQG LWV K\GURJHRORJLFDO EDVLQ ZDV FRQVWUXFWHG XVLQJ WKH ILQLWH�
GLIIHUHQFH FRGH 02')/2:����� 7KH PRGHO ZDV LPSOHPHQWHG IRU VWHDG\ VWDWH� DW ILUVW DQG LW ZDV
FDOLEUDWHG� $IWHU WKDW LW ZDV LPSOHPHQWHG IRU WUDQVLHQW �PRQWKO\ WLPH VWHSV RYHU VL[ \HDUV�
FRQGLWLRQV� $ VSDWLDO LQWHUSRODWLRQ RI ZHDWKHU VWDWLRQ LQIRUPDWLRQ LQFOXGLQJ UDLQ DQG WHPSHUDWXUH
�GDWD RYHU ODVW �� \HDUV�� ZHUH FRQVLGHUHG DV LQSXW YDOXHV IRU WKH PRGHOOLQJ RI JURXQGZDWHU DQG
ODNH ZDWHU EDODQFH� 7KH %UDFFLDQR PRGHO ZDV DSSOLHG WR VLPXODWH SRVVLEOH FOLPDWH FKDQJH DQG
ZDWHU�XVH VFHQDULRV WR EHWWHU XQGHUVWDQG WKH EHKDYLRU RI DQ H[DPSOH YROFDQLF ODNH XQGHU PXOWLSOH
VWUHVVHV� 7KH %UDFFLDQR PRGHO VLPXODWLRQ UHVXOWV KHOSV XQGHUVWDQGLQJ WKH FOLPDWH FKDQJH HIIHFWV
RQ JURXQGZDWHU DQG ODNH ZDWHU EDODQFH� ,W FRXOG DOVR EH D XVHIXO WRRO IRU DQDO\VLQJ FOLPDWH FKDQJH
DGDSWDWLRQ�VWUDWHJLHV�IRU�ZDWHU�VXSSO\�DQG�JURXQGZDWHU�DQG�ODNH�GHSHQGHQW�HFRV\VWHPV�

35(6(17$7,21�7<3(��25$/
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06������&OLPDWH�FKDQJH�WUHQGV�DQG�DGDSWDWLRQ

'HSDUWPHQW�RI�3K\VLFV�DQG�*HRORJ\���8QLYHUVLW\�RI�3HUXJLD��,WDO\

'HSDUWPHQW�RI�3K\VLFV�DQG�*HRORJ\���8QLYHUVLW\�RI�3HUXJLD��,WDO\

'HSDUWPHQW�RI�3K\VLFV�DQG�*HRORJ\���8QLYHUVLW\�RI�3HUXJLD��,WDO\

&15�,53,�3HUXJLD��,WDO\
�
.(<:25'6��%2/6(1$�$1'�%5$&&,$12�/$.(6��:$7(5�0$1$*(0(17��+<'52*(2/2*,&$/�02'(//,1*

$ K\GURJHRORJLFDO LQYHVWLJDWLRQ ZDV FDUULHG RXW RQ %UDFFLDQR DQG %ROVHQD ODNH V\VWHPV �&HQWUDO
,WDO\�� %RWK ODNHV DUH IHG E\ D FRPSOH[ JURXQGZDWHU FLUFXODWLRQ KRVWHG LQ YROFDQLF GHSRVLWV
EHORQJLQJ WR WKH 9XOVLQR DQG 6DEDWLQR YROFDQLF GLVWULFWV� 7KH LQFUHDVLQJ RI ZLWKGUDZDOV IURP ODNHV
DQG DTXLIHUV FRXSOHG ZLWK WKH UHGXFWLRQ LQ UDLQIDOO SURGXFHG E\ WKH FOLPDWLF FKDQJH KDYH GHHSO\
LQIOXHQFHG WKH HQYLURQPHQWDO VWDWH RI ODNHV� 7KH ZDWHU OHYHOV RI %ROVHQD ODNH ZDV VLPXODWHG E\
PHDQV WKH /$*2 PRGHO WDNLQJ LQWR DFFRXQW VRPH FOLPDWLF VFHQDULRV IRU WKH QH[W GHFDGHV� 7KH
PRGHO LQGLFDWHV WKDW IRU D UDLQIDOO GHFUHDVH XS WR WKH ���� WKH PLQLPXP YLWDO IORZ WR WKH RXWOHW FRXOG
EH VXSSOLHG DSSO\LQJ D VHQVLEOH UHGXFWLRQ RI ZLWKGUDZDOV� )RU D UDLQIDOO GHFUHDVH KLJKHU WKDQ ���
DQG ZLWK QR ZLWKGUDZDOV WKH ODNH FRXOG EHFRPH D FORVHG ODNH DV RFFXUUHG DURXQG ���� %�&� ZKHQ
WKH OHYHO RI WKH ODNH ZDV DERXW � P ORZHU WKDQ WRGD\� 5HJDUGLQJ WKH %UDFFLDQR ODNH � GXH WR WKH
ZLWKGUDZDOV IRU GULQNLQJ IURP ����V ���� P��V� � WKH GLVFKDUJH RI WKH ODNH RXWOHW� EHFDPH QLO LQ WKH
ODVW GHFDGH� $OWKRXJK WKH ZDWHU OHYHOV KDYH UHDFKHG LQ PDUFK ���� YDOXHV FORVH WR WKRVH RI ��V�
WKLV VLWXDWLRQ LV SUREDEO\ GXH WR D YHU\ UDUH HYHQW� ZKLOH PRVW RI VFHQDULRV RI WKH ,3&& VXJJHVWV D
GHFUHDVLQJ RI DYHUDJH UDLQIDOO� FRUUHVSRQGLQJ WR ZDWHU VKRUWDJH� %HVLGHV WKH LPSDFW RI FOLPDWH
FKDQJH� WKHUH DUH SODQV WR LQFUHDVH WKH ZDWHU VXSSO\ IURP WKH ODNH DQG WKH DTXLIHU� LQ WKLV FRQWH[W
QHZ�UDWLRQDO�PDQDJHPHQW�SODQV�KDYH�WR�EH�GHYHORSHG�

35(6(17$7,21�7<3(��3267(5
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06������&OLPDWH�FKDQJH�WUHQGV�DQG�DGDSWDWLRQ

8QLYHUVLW\�RI�3HUXJLD��'HSW��RI�3K\VLFV�DQG�*HRORJ\��3HUXJLD��,WDO\

&15�,53,��3HUXJLD��,WDO\
�
.(<:25'6��/$.(�75$6,0(12��&/,0$7,&�&+$1*(��02'(/

/DNH 7UDVLPHQR� ,WDO\� H[WHQGV RYHU DSSUR[LPDWHO\ ��� NP� ZLWK D PD[LPXP GHSWK RI
DSSUR[LPDWHO\ ��� P� /DNH 7UDVLPHQR KDV QR QDWXUDO HIIOXHQWV DQG WKH YROXPH RI ZDWHU VWRUHG LV
VWULFWO\ OLQNHG WR UDLQIDOO� 8QWLO WKH HQG RI WKH ��WK FHQWXU\ WKH PDLQ SUREOHP RI WKH /DNH ZDV GXH WR
KLJK ZDWHU� ZKLFK SHULRGLFDOO\ IORRGHG ZLGH DUHDV RI DJULFXOWXUDO ODQG� ,Q ���� DQ HIILFLHQW RXWOHW ZDV
EXLOW� $W SUHVHQW LQ FHQWUDO ,WDO\ WKHUH LV D WUHQG RI GHFUHDVLQJ UDLQIDOO DQG LQFUHDVLQJ WHPSHUDWXUH�
7KDW KDV FDXVHG D VXEVWDQWLDO ORZHULQJ RI WKH ODNH ZDWHU OHYHO� ZLWK VHULRXV SUREOHPV IRU WKH
HFRV\VWHP� K\JLHQH DQG HFRQRP\� EHWZHHQ ���� DQG ���� WKH RXWOHW GLG QRW ZRUN� EHLQJ ZDWHU
OHYHO WRR ORZ� 'XULQJ WKLV SHULRG WKH RQO\ ODNH RXWIORZ ZDV LQWDNH IRU LUULJDWLRQ DQG HYDSRUDWLRQ�
ZKLFK FDXVHG DQ LQFUHDVH RI VDOLQLW\� 2Q -DQXDU\ ����� DIWHU D SHULRG RI H[FHSWLRQDO KLJK UDLQIDOO�
WKH ZDWHU OHYHO RI WKH 7UDVLPHQR UHDFKHG WKH RXWIORZ WKUHVKROG RI WKH RXWOHW FKDQQHO� 7R KHOS
VROYLQJ WKH /DNH SUREOHPV� ZH EXLOW D PRQWKO\ PDWKHPDWLFDO PRGHO� ZKRVH UHVXOWV LQGLFDWH WKDW
DSSUR[LPDWHO\ ��0P��\HDU QHHG WR EH DGGHG WR WKH ODNH WR HIIHFWLYHO\ FRPEDW F\FOLF SUREOHPV RI
ORZ OHYHOV� LQFUHDVHG VDOLQLW\ DQG WKH FRQQHFWHG ULVN RI ZDWHU TXDOLW\ GHWHULRUDWLRQ� +RZHYHU� VKRXOG
WKH ZRUVW ,3&& VFHQDULRV SURYH IRXQGHG� WKH DGGLWLRQ RI WKLV ZDWHU YROXPH ZRXOG QR ORQJHU EH
VXIILFLHQW WR SUHYHQW D PDUNHG DYHUDJH GHFUHDVH RI 7UDVLPHQR YROXPH� �3URMHFW IXQGHG LQ SDUW E\
3URYLQFLD�RI�3HUXJLD�DQG�E\�)RQGD]LRQH�&DVVD�GL�5LVSDUPLR�GL�3HUXJLD��SURMHFW����������������

35(6(17$7,21�7<3(��25$/
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06������&OLPDWH�FKDQJH�WUHQGV�DQG�DGDSWDWLRQ

8QLYHUVLWDW�GH�%DUFHORQD��6SDLQ

'HSDUWPHQW�RI�$JUR�IRRG�DQG�(QYLURQPHQWDO�6\VWHPV�0DQDJHPHQW��8QLYHUVLW\�RI�&DWDQLD��&DWDQLD

&OLPDWH FKDQJH LV UHFRJQL]HG WR PRGLI\ SUHFLSLWDWLRQ SDWWHUQV� FKDQJLQJ ZDWHU DYDLODELOLW\ DW WKH
EDVLQ OHYHO� $EVROXWH NQRZOHGJH RI IXWXUH FKDQJHV DW VPDOO VFDOH GRHV QRW H[LVW� EXW LW LV DFFHSWHG
WKDW WKH 0HGLWHUUDQHDQ ZLOO VXIIHU HVSHFLDOO\� GLPLQLVKLQJ ZDWHU DYDLODELOLW\ LQ WKH HQWLUH EDVLQ� 7R
LPSURYH UHVLOLHQFH WR FOLPDWH FKDQJH� QRQ�FRQYHQWLRQDO UHVRXUFHVFDQ VXEVWLWXWH FRQYHQWLRQDO ZDWHU
UHVRXUFHV� 5HFODLPHG ZDWHU LV JHQHUDWHG DOO WKH \HDU URXQG� EXW LW LV QRW XVHG FRQWLQXRXVO\�
HVSHFLDOO\ IRU LUULJDWLRQ SXUSRVHV� )RU UHFODLPHG ZDWHU WR EH IXOO\ UHXVHG� VWRUDJH LV EDVLF� 6PDOO
UHVHUYRLUV DQG 0DQDJHG $TXLIHU 5HFKDUJH�0$5� DUH NQRZQ WHFKQRORJLHV IRU ORQJ�WHUP VWRUDJH� $W
VPDOO VFDOH� UHVRXUFH DYDLODELOLW\ LQFUHDVH LV XQGHUWDNHQ E\ XVLQJ VHDVRQDO VXUIDFH VWRUDJH IRU
DJULFXOWXUH� ZDVWHZDWHU UHVHUYRLUV �::5V� DQG IRU RWKHU SXUSRVHV� H�J� JROI FRXUVHV ODNHV� :DWHU
ERGLHV ILOOHG ZLWK UHFODLPHG ZDWHU QHHG WR EH FDUHIXOO\ PDQDJHG� DW VKRUW DQG ORQJ WHUP� WR PDLQWDLQ
RU LPSURYH WKHLU ZDWHU TXDOLW\� ,Q 6LFLO\ �,WDO\� VHDVRQDO VWRUDJH IRU UHXVH LQ DJULFXOWXUH LV GHVFULEHG�
HVSHFLDOO\ WKH UHVHDUFK FDUULHG RXW RQ VPDOO ::5V RSHUDWLQJ LQ EDWFK RU FRQWLQXRXV� 7KHVH
IDFLOLWLHV FUHDWH OHQWLF HFRV\VWHPV ZLWK D UROH LQ HFRORJ\ DQG UHFRYHU\ RI PDUJLQDO ODQGV� ,Q 6DEDGHOO
�6SDLQ� DTXLIHU UHFKDUJH DQG UHFRYHU\ ZLWK UHFODLPHG ZDWHU �0$5� DGGLWLRQDOO\ WUHDWHG ZLWK
FRQVWUXFWHG ZHWODQGV LQ D ULYHU EDVLQ LV VKRZQ� ,I FOLPDWH FKDQJH UHGXFHV ZDWHU UHVRXUFHV
DYDLODELOLW\� PHDVXUHV WKDW GHFUHDVH WKH GHSHQGHQFH RI FRQYHQWLRQDO UHVRXUFHV� LQFUHDVH ZDWHU LQ
HFRV\VWHPV DQG UH�HVWDEOLVK WKH UHODWLRQ EHWZHHQ ULYHU ZDWHU DQG DVVRFLDWHG DTXLIHUV VKRXOG EH
XVHIXO�IRU�LQFUHDVLQJ�WKH�UHVLOLHQFH�RI�WKH�HFRV\VWHPV��DOZD\V�FRQVLGHULQJ�ZDWHU�VDIHW\�

35(6(17$7,21�7<3(��25$/
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06������&OLPDWH�GULYHQ�LPSDFWV
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06������&OLPDWH�GULYHQ�LPSDFWV

1DWLRQDO�5HVHDUFK�&RXQFLO��,QVWLWXWH�IRU�0DULQH�6FLHQFH��,60$5�������3��*REHWWL�VWU����������%RORJQD��%2��
,WDO\

1DWLRQDO�5HVHDUFK�&RXQFLO��5HVHDUFK�,QVWLWXWH�IRU�+\GURJHRORJLFDO�3URWHFWLRQ��,53,����������9LD�0DGRQQD
$OWD������3HUXJLD��3(���,WDO\

7HFKQRORJLFDO�(GXFDWLRQDO�,QVWLWXWH�RI�6WHUHD�+HOODV��'HSDUWPHQW�RI�)RUHVWU\�DQG�0DQDJHPHQW�RI�1DWXUDO
(QYLURQPHQW��*5���������.DUSHQLVL��+HOODV�

8QLYHUVLW\�RI�WKH�$HJHDQ��)DFXOW\�RI�0DQDJHPHQW��'HSDUWPHQW�RI�)LQDQFLDO�DQG�0DQDJHPHQW�(QJLQHHULQJ�
*5������������.RXQWRXULRWRX�VWU���&KLRV��*UHHFH

1DWLRQDO�	�.DSRGLVWULDQ�8QLYHUVLW\�RI�$WKHQV��'HSDUWPHQW�RI�*HRORJ\�	�*HRHQYLURQPHQW��*5��������
3DQHSLVWLPLRXSROL��=RJUDIRX��$WKHQV��*UHHFH
�
.(<:25'6��*(20253+2/2*<��3527(&7('�:(7/$1'6��6+25(/,1(�5(*5(66,21

7KH LQWHQVLILFDWLRQ RI KXPDQ LQWHUYHQWLRQV� HVSHFLDOO\ DIWHU WKH GHFDGH RI ����� LQ WKH FRDVWDO ]RQH
DQG WKH GHOWDV DV ZHOO DV LQ WKH FDWFKPHQW EDVLQ RI VRPH ZHWODQGV� LQ *UHHFH� KDYH DIIHFWHG WKH
QDWXUDO HFRV\VWHPV RQH ZD\ RU DQRWKHU DQG WR D GLIIHUHQW H[WHQG� GHSHQGLQJ RQ WKH W\SH� WKH VL]H
DQG WKH RSHUDWLRQ DQG WKH ORFDWLRQ RI WKH LQWHUYHQWLRQ RU DFWLYLWLHV� 7KH PDLQ IDFWRUV UHVSRQVLEOH IRU
WKH LQWHQVH KXPDQ DFWLYLW\ LQ WKHVH DUHDV DUH WKH H[WHQVLYH ELRGLYHUVLW\ DQG SURGXFWLYLW\ WKDW
FKDUDFWHUL]H WKH OLWWRUDO DQG LQODQGZHWODQGV LQ *UHHFH� DV ZHOO DV WKHLU VSHFLILF JHRORJLFDO�
K\GURORJLFDO� JHRPRUSKRORJLFDO DQG VRLO FKDUDFWHULVWLFV DV ZHOO DV� LQ VRPH FDVHV� WKHLU
DFFHVVLELOLW\� &KDUDFWHULVWLF H[DPSOHV RI ZHWODQGV WKDW KDYH EHHQ LPSDLUHG E\ DQWKURSRJHQLF
LQWHUYHQWLRQV� DUH WKH SURWHFWHG ZHWODQGV WKDW H[LVW LQ :HVWHUQ *UHHFH �(SLUXV DQG $LWRORDNDUQDQLD�
VXFK DV WKRVH LQ WKH GHOWD DUHD RI VRPH ULYHUV �U� $UDFKWKRV� U� $FKHORRV�� .DORGLNLIHQ DQG =LURV
ODNH� 7KH SXUSRVH RI WKLV ZRUN LV� D� WR UHFRJQL]H WKH PDLQ KXPDQ DFWLYLWLHV LQ WKH FDWFKPHQW EDVLQV
DQG WKH GHOWDV XQGHU VWXG\� E� WR UHSRUW D V\QWKHVLV RI WKH HQYLURQPHQWDO DQG JHRPRUSKRORJLFDO
VWXGLHV RQ WKH VHOHFWHG ZHWODQGV� F� WR GHWHFW WKH HQYLURQPHQWDO LPSDFWV DQG WKH JHRPRUSKRORJLFDO
FKDQJHV FDXVHG E\ WKH DERYH PHQWLRQHG KXPDQ DFWLYLWLHV DV ZHOO DV WKH SUREOHPV WKDW IROORZ�
ZKLFK�DIIHFW�WKHVH�ZHWODQGV�
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8QLYHUVLW\�RI�,ORULQ��,ORULQ��1LJHULD
�
.(<:25'6��&/,0$7(�&+$1*(��$57,6$1$/�),6+(5,(6��6+$//2:�/$.(6

$IULFDQ VKDOORZ ODNHV VXSSRUW SURGXFWLYH DUWLVDQDO ILVKHULHV E\ FRQWULEXWLQJ WR OLYHOLKRRGV DQG
DFFRXQWLQJ IRU PRUH WKDQ ��� RI ILVK SURGXFWLRQ� 7KHVH ODNHV DUH YXOQHUDEOH WR FOLPDWH FKDQJH
DULVLQJ IURP JOREDO ZDUPLQJ� LQFUHDVLQJ WHPSHUDWXUH DQG FKDQJHV LQ HFRV\VWHP SURFHVVHV WKDW
EULQJV IORRGLQJ� SUHFLSLWDWLRQ DQG UXQ�RII ZLWK SRWHQWLDO QHJDWLYH LPSDFWV RQ ILVK SURGXFWLRQV�
DVVHPEODJHV� EUHHGLQJ� UHVLVWDQFH WR VSHFLHV LQYDVLRQ� ILVKLQJ DFWLYLWLHV� FDWFK SHU XQLW HIIRUW� ZLOG
VHHG VXSSO\� ILVK PHDO DQG RLO DQG OLNHOLKRRG RI VSUHDG RI YHFWRU�ERUQH GLVHDVHV� &OLPDWH FKDQJH
FRXOG H[WLUSDWH ILVK SRSXODWLRQ� UHGXFH UHFUXLWPHQW� H[DFHUEDWH LQYDVLRQ E\ DOLHQ VSHFLHV� FDXVH
VKLIW LQ VSHFLHV GLVWULEXWLRQ DQG PLJUDWLRQ� GLVUXSW JHQHWLF GLYHUVLW\� DQG EULQJ ORFDOL]HG H[WLQFWLRQ
DPRQJ RWKHUV� )LVKLQJ JHDUV� SURFHVVLQJ� PDUNHWLQJ� ILVKLQJ SHULRGV DQG LQIUDVWUXFWXUHV FRXOG EH
DIIHFWHG DQG WRWDO DEDQGRQPHQW RI DUWLVDQDO ILVKHULHV FRXOG RFFXU� 8QGHUVWDQGLQJ FOLPDWH FKDQJH
DQG LWV LPSDFWV RQ DUWLVDQDO ILVKHULHV ZLOO SURYLGH DFFXUDWH GHFLVLRQ� FDSDFLW\ EXLOGLQJ DQG DGDSWLYH
PDQDJHPHQW LQ VROYLQJ WKH SUREOHPV� ,W ZLOO SURYLGH SUDFWLFDO� VFLHQWLILF DQG VRFLR�HFRQRPLF DFWLRQV
WR PLWLJDWH WKH FKDOOHQJHV FXUUHQWO\ DQG LQ IXWXUH� &OLPDWH FKDQJH ZLOO SURGXFH V\QHUJLVWLF HIIHFWV
RQ WKH DUWLVDQDO ILVKHULHV RI VKDOORZ ODNHV ZLWK FRQVLGHUDEOH XQFHUWDLQW\ WR WKH H[WHQW� PDJQLWXGH�
UDWH DQG GLUHFWLRQ RI FKDQJHV DQG LPSDFWV� 6WXG\ RI YXOQHUDELOLW\ RI DUWLVDQDO ILVKHULHV WR FOLPDWH
FKDQJH LQ WKH OLNHOLKRRG RI HSLVRGLF HYHQWV� VHQVLWLYLW\ DQG DGDSWLYH FDSDFLW\ VKRXOG EH WKH IRFXV RI
VFLHQWLILF UHVHDUFK� 3UHGLFWLRQ PRGHOV RI FOLPDWH FKDQJH SHUWXUEDWLRQV RQ ILVK UHVSRQVH LQ WHUPV RI
IHHGEDFNV� WKUHVKROGV� DGDSWDWLRQV� PLJUDWLRQV� EUHHGLQJ DQG VR RQ FRXOG PLWLJDWH WKH LPSDFWV DQG
HQVXUH�VXVWDLQDELOLW\�RI�DUWLVDQDO�ILVKHULHV�LQ�WKHVH�VKDOORZ�ODNHV�
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7HUUD�&RUSRUDWLRQ��-DSDQ

7KH JOREDO SRSXODWLRQ LQ ���� ZKHQ , ZDV ERUQ ZDV ��� ELOOLRQ� $QG QRZ LW LV ��� ELOOLRQ LQ �����
7KHUH DUH WKUHH JOREDO FULVHV ZH DUH IDFLQJ LQ ��VW FHQWXU\� VXFK DV HQHUJ\� IRRG DQG ZDWHU� 1RZ
WKRVH WKUHH UHVRXUFHV DUH HFFHQWULFDOO\�ORFDWHG RQ WKH HDUWK DQG DOZD\V ��� ELOOLRQ SHRSOH DUH RQ
VWDUYDWLRQ DQG ��� ELOOLRQ SHRSOH GRQ¶W DFFHVV TXDOLW\ ZDWHU FXUUHQWO\� ,Q ���� WKH JOREDO SRSXODWLRQ
ZLOO EHFRPH �� ELOOLRQ DQG WKHUH PLJKW KDSSHQ D ORW RI FRQIOLFWV DURXQG WKH ZRUOG LQ GHVLUH IRU WKRVH
WKUHH UHVRXUFHV� -DSDQ KDV D YHU\ LPSRUWDQW UROH WR SOD\ WDFNOLQJ WKRVH FRQIOLFWV� -DSDQ KDV RQO\ �
� RI WKH HQHUJ\ VHOI�VXIILFLHQF\ UDWLR DQG RQO\ �� � RI IRRG VHOI�VXIILFLHQF\ UDWLR� ,Q RUGHU WR FXUWDLO
JOREDO FRQIOLFWV� -DSDQ KDV PRVW LPSRUWDQW UROH WR FDUU\ RXW� 7KUHH PDMRU VWUDWHJLHV DUH SURSRVHG�
7KH ILUVW LV WR DOORFDWH DSSURSULDWH SRSXODWLRQ GLVWULEXWLRQ LQ DFFRUGDQFH ZLWK JOREDO DJULFXOWXUDO
SRWHQWLDO DQG SURGXFWLYLW\� 7KH VHFRQG LV WR VWHHU LQWHJUDWHG SURPRWLRQ LQ ERWK ZDWHU VXSSO\ DQG
VHZHUDJH VHFWRUV� 7KH WKLUG LV WR FRQWURO WKH HFRQRPLF JURZWK LQ WKH ZRUOG E\ SKLORVRSKLFDO
SROLWLFLDQV�
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=RRORJLFDO�,QVWLWXWH�RI�WKH�5XVVLDQ�$FDGHP\�RI�6FLHQFHV��6DLQW�3HWHUVEXUJ��5XVVLD
�
.(<:25'6��&/,0$7(��%,27$�5(63216(��(8523($1�/$.(6

7KH LQODQG ZDWHUV DUH DPRQJ WKH PRVW YXOQHUDEOH HFRV\VWHPV WR FOLPDWH FKDQJH� $QDO\VLV RI ORQJ�
WHUP GDWD VHWV VKRZHG WKDW PDQ\ RI WKH HIIHFWV RI FKDQJLQJ FOLPDWH DUH DOUHDG\ RFFXUULQJ LQ PDQ\
ODNHV DFURVV (XURSH� 7KH\ LQFOXGH LQFUHDVH LQ ZDWHU WHPSHUDWXUH� UHGXFWLRQ LQ ODNH LFH�FRYHU�
FKDQJH LQ ZDWHU OHYHOV� KDELWDW VWUXFWXUH DQG ZDWHU UHVLGHQFH WLPH� 7KHVH FKDQJHV LQ
HQYLURQPHQWDO FRQGLWLRQV FDQ DIIHFW GLUHFWO\ RU LQGLUHFWO\ WKH ELRWD� PDLQO\ VSHFLHV SRSXODWLRQ
G\QDPLFV DQG JHRJUDSKLFDO GLVWULEXWLRQV� ,Q VSLWH RI D QXPEHU RI SXEOLFDWLRQV WHVWLI\LQJ WR FKDQJHV
LQ FOLPDWH YDULDEOHV IRU GLIIHUHQW (XURSHDQ ODNHV� OLWWOH LV NQRZQ DERXW WKH UHVSRQVHV RI ELRWD WR
FOLPDWH FKDQJH� 7KLV SDSHU DLPV WR UHYHDO FXUUHQW FKDQJHV �UHFHQW GHFDGHV� LQ UHJLRQDO FOLPDWLF
YDULDEOHV OLNH ZDWHU WHPSHUDWXUH� WKH GXUDWLRQ RI WKH LFH�IUHH SHULRG DQG WKH SUHFLSLWDWLRQ UDWH� DV
H[HPSOLILHG E\ 3HWUR]DYRGVN %D\ �/DNH 2QHJD� (XURSHDQ 5XVVLD�� DQG WR DQDO\VH WKHLU
UHODWLRQVKLSV ZLWK WKH JOREDO FOLPDWLF LQGLFHV DQG VWUXFWXUDO FKDUDFWHULVWLFV RI ELRWD �FKORURSK\OO
FRQFHQWUDWLRQ� SK\WRSODQNWRQ DQG ]RREHQWKRV DEXQGDQFH�ELRPDVV� LQ WKH ODNH HFRV\VWHP� ZKLFK
OLHV ZLWKLQ WKH %DOWLF 6HD FDWFKPHQW DUHD� 6SHDUPDQ¶V UDQN FRUUHODWLRQV DQG PXOWLSOH UHJUHVVLRQ
DQDO\VLV FRQILUPHG VLJQLILFDQWO\ WKDW WKH JOREDO FOLPDWH JRYHUQV SULPDULO\ WKH UHJLRQDO FOLPDWLF
YDULDEOHV DQG SURGXFWLYLW\ OHYHO LQ WKH ODNH¶V HFRV\VWHP� ZKHUHDV PRVW RI WKH ELRWLF FKDUDFWHULVWLFV
UHVSRQG WR UHJLRQDO FOLPDWH� )RU QRUWK�HDVWHUQ (XURSHDQ UHJLRQ ODNHV KLJKHU WHPSHUDWXUHV DUH
OLNHO\ WR OHDG WR KLJKHU SULPDU\ SURGXFWLYLW\ ZLWK PRUH LQWHQVH DOJDO EORRPV� WKH ORVV RI FROG
VWHQRWKHUPLF VSHFLHV DQG WKH LQYDVLRQ RI QHZ HXU\ELRWLF VSHFLHV IURP VRXWKHUQ UHJLRQV ILQDOO\
UHVXOWLQJ�LQ�D�FKDQJH�LQ�IRRG�ZHE�VWUXFWXUH�
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,UNXWVN�6WDWH�8QLYHUVLW\���,UNXWVN��5XVVLD

,UNXWVN�6WDWH�8QLYHUVLW\���,UNXWVN��5XVVLD

,UNXWVN�6WDWH�8QLYHUVLW\���,UNXWVN��5XVVLD

,UNXWVN�6WDWH�8QLYHUVLW\���,UNXWVN��5XVVLD

,UNXWVN�6WDWH�8QLYHUVLW\���,UNXWVN��5XVVLD

,UNXWVN�6WDWH�8QLYHUVLW\���,UNXWVN��5XVVLD
�
.(<:25'6��&/,0$7(�&+$1*(��+80$1�,1)/8(1&(��1$785$/�'<1$0,&6

:H KDYH XVHG GDWD RI �� \HDUV RI SODQNWRQ VDPSOLQJ� :H¶YH XVHG GDWD IRU ���� ± ����� 6LQFH
����� GDWD KDYH EHHQ FROOHFWHG DW OHDVW PRQWKO\� JHQHUDOO\ HYHU\ ���� GD\V� LQ GHSWK SURILOHV IURP
WKH VXUIDFH WR ��� P DW D VLQJOH PDLQ VWDWLRQ �3RLQW ��� LQ WKH 6RXWKHUQ EDVLQ DSSUR[LPDWHO\ ��� NP
RIIVKRUHIURP %RO
VKLH .RW\ ���R ������
 1� ���R ������ (� ZKHUH ZDWHU GHSWK LV DSSUR[LPDWHO\
��� P� 7KLV VLWH LV W\SLFDO IRU WKH RSHQ %DLNDO DQG VHDVRQDO DQG LQWHUDQQXDO G\QDPLFV RI
HFRV\VWHP FRPSRQHQWV KHUH LV LQ JRRG DFFRUGDQFH ZLWK WKH UHVW RI WKH ODNH >.R]KRY� �����
.R]KRYD� ,]PHVW\HYD� ����@� 7KLQ LFH SURKLELWV FROOHFWLRQ LQ VRPH PRQWKV� XVXDOO\ -DQXDU\� :DWHU
WHPSHUDWXUH LV PHDVXUHG XVLQJ D PHUFXU\ WKHUPRPHWHU LQ VDPSOHV UHWULHYHG RQ GHFN ZLWK D 9DQ
'RUQ ERWWOH� 6HFFKL GHSWK� WKH GHSWK DW ZKLFK D VWDQGDUG ZKLWH GLVN GLVDSSHDUV IURP YLHZ LQ WKH
ZDWHU FROXPQ� LV URXWLQHO\ PHDVXUHG DV DQ LQGH[ RI ZDWHU TXDOLW\� 3K\WRSODQNWRQ VDPSOHV DUH
HQXPHUDWHG DW WKH VSHFLHV OHYHO� 'LVFUHWH GHSWKV RI �� �� ��� ��� DQG �� P DUH WDUJHWHG IRU
PHDVXUHPHQW RI DELRWLF YDULDEOHV DQG VDPSOLQJ RI SK\WRSODQNWRQ ZLWK D �� / 9DQ 'RUQ ERWWOH� )RU
WHPSHUDWXUH DQG ELRORJLFDO GDWD� ZH DYHUDJHG GDWD ZLWKLQ WKH WRS �� P RI WKH ODNH� WKH SRUWLRQ RI
WKH ZDWHU FROXPQ FRQWDLQLQJ PRVW RI WKH ODNH¶V SKRWRV\QWKHWLF SURGXFWLRQ� DV ZHOO DV WKH VXPPHU
WKHUPRFOLQH DQG WKH PRVW RI WKH SODQNWRQ RUJDQLVPV >.R]KRY� ����� .R]KRYD� ,]PHVW\HYD� ����@�
7R H[DPLQH ORQJ�WHUP WUHQGV IRU /DNH %DLNDO WHPSHUDWXUH� ZH DYHUDJHG GDWD E\ PRQWKV WR FUHDWH
YDOXHV IRU FHUWDLQ PRQWKV� =RRSODQNWRQ VDPSOHV DUH HQXPHUDWHG DW WKH VSHFLHV OHYHO DQG DOVR
LGHQWLILHG E\ DJH FODVV� 6LQJOH ]RRSODQNWRQ VDPSOHV DUH FROOHFWHG ZLWK D FORVLQJ SODQNWRQ QHW
������FP GLDPHWHU� ����PNP PHVK� IURP GHSWK OD\HUV RI �±��� ��±��� DQG ��±�� P� =RRSODQNWRQ
VDPSOHV KDYH EHHQ IL[HG DQG VWRUHG LQ IRUPDOLQ WKURXJKRXW WKH ORQJ�WHUP PRQLWRULQJ SURJUDP� 7KH
DQDO\VLV RI GDWD RI ORQJ�WHUP REVHUYDWLRQV DIWHU XQGHU�LFH SK\WRSODQNWRQ GHPRQVWUDWHG WKH
SUHVHQFH RI VRPH VXFFHVVLRQ LQ VSULQJ SK\WRSODQNWRQ �GHFUHDVH RI VKDUH RI HQGHPLF DOJDH�� OHVV
H[SUHVVHG E\ ELRPDVV WKHQ E\ QXPEHU� L�H� WKHUH DUH OHVV ODUJH FHOO DOJDH DQG PRUH VPDOO FHOO� 7KH
DQDO\VLV RI WKH VXPPHU FRPSOH[ RI WKH DOJD VSHFLHV GHPRQVWUDWHV WKH IROORZLQJ� 6RPH QRQ�
HQGHPLF VSHFLHV VKRZ VWDWLVWLFDOO\ VLJQLILFDQW SRVLWLYH WUHQG IRU $XJXVW� EXW WKHUH DUH DOVR
WHQGHQFLHV IRULQFUHDVH IRU -XO\ DQG 6HSWHPEHU� $QDO\VLV RI ]RRSODQNWRQ G\QDPLFV GHPRQVWUDWHV
QR QRWLFHDEOH WUHQGV IRU PDLQ FRPSRQHQW RI ]RRSODQNWRQ� (SLVFKXUD EDLNDOHQVLV� WKRXJK VRPH
LQFUHDVH RI FR�GRPLQDQW VSHFLHV &\FORSV NROHQVLV� GHFUHDVH RI QXPEHU RI HQGHPLF 5RWLIHUD�
JURZWK RI QXPEHU RI &ODGRFHUD� DQG RI QRQ�HQGHPLF 5RWLIHUD� 7KHVH WUHQGV FDQ EH H[SODLQHG E\� ��
*OREDO &OLPDWH &KDQJH �WKRXJK WHPSHUDWXUH RI WKH ODNH VKRZV ORQJ�WHUP RVFLOODWLRQV�� �� 5HJLRQDO
:DUPLQJ �GXH WR EXLOGLQJ RI UHVHUYRLUV V\VWHP LQ ����V�����V�� �� /RFDO &KHPLFDO 3ROOXWLRQ �GXH WR
LQGXVWULDO DQG DJULFXOWXUDO DFWLYLW\ LQ ZDWHUVKHG DQG DLUVKHG EDVLQV RI ODNH�� �� 1DWXUDO 2VFLOODWLQJ
%HKDYLRXU�RI�3ODQNWRQ�&RPSRQHQWV��
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',&($�6DSLHQ]D�8QLYHUVLWj�GL�5RPD��5RPH��,WDO\

',&($��6DSLHQ]D�8QLYHUVLWj�GL�5RPD��5RPH��,WDO\
�
.(<:25'6��/$*221��&/,0$7(�&+$1*(6��(87523+,&$7,21

,PSDFW RI FOLPDWH FKDQJHV RQ WKH QRQOLQHDU G\QDPLFV RI HXWURSKLFDWLRQ SKHQRPHQD RI FRDVWDO
ODJRRQV LQ 3RQWLQLD UHJLRQ� )UDQFHVFR &LRIIL� )HGHULFR &RQWLFHOOR 'HSDUWPHQW RI FLYLO� FRQVWUXFWLRQDO
DQG HQYLURQPHQWDO HQJLQHHULQJ � ',&($�� /D 6DSLHQ]D µ 8QLYHUVLW\ RI 5RPH� 9LD (XGRVVLDQD
�������� 5RPH � ,WDO\ � IUDQFHVFR�FLRIIL#XQLURPD��LW� &OLPDWH FKDQJH SRVHV D QXPEHU RI SUREOHPV
IRU WKH PDQDJHPHQW DQG UHVWRUDWLRQ RI FRDVWDO ODJRRQV� &KDQJHV GXH WR DQWKURSRJHQLF JOREDO
ZDUPLQJ LQ UDLQIDOO VHDVRQDOLW\� LQWHUPLWWHQFH DQG LQWHQVLW\ WRJHWKHU ZLWK YDULDWLRQV RI WHPSHUDWXUH
DQG VHD OHYHO �6/� PD\ LQWHUDFW DQG GHWHUPLQH WKH SRWHQWLDO RXWFRPHV IRU K\GURG\QDPLFV�
HXWURSKLF G\QDPLFV DQG HFRORJLFDO GLYHUVLW\ RI VXFK HQYLURQPHQWV� ,Q IDFW� HFRV\VWHPV RI ODJRRQV
H[KLELW YHU\ FRPSOH[ G\QDPLFV� GXH WR WKH QRQOLQHDU LQWHUDFWLRQV RI ELRORJLFDO� FKHPLFDO DQG
K\GURG\QDPLF SURFHVVHV WKDW LQIOXHQFH WKH F\FOHV RI FDUERQ �YHJHWDO JURZWK� RUJDQLF GHWULWXV
SURGXFWLRQ DQG PLQHUDOL]DWLRQ�� QXWULHQWV� VXOSKXU� DQG DOO WKRVH VSHFLHV LQYROYHG LQ HFRORJLFDO
SKHQRPHQD� 6XFK D G\QDPLF LV LQIOXHQFHG E\ YDULRXV H[WHUQDO IRUFLQJ YDULDEOHV²WLGDO IORZV� ZLQG
VSHHG� WHPSHUDWXUH� OLJKW LQWHQVLW\� QXWULHQW H[WHUQDO ORDG²WKDW LQ PRVW RI WKH FDVHV DUH SHULRGLFDO
RU PXOWL�SHULRGLFDO� $QWKURSRJHQLF RU FOLPDWH FKDQJHV LQ RQH RU PRUH RI WKHVH H[WHUQDO YDULDEOHV
FDQ WULJJHU VKLIWV EHWZHHQ HFRV\VWHP VWDWHV ZKLFK FDQ EH HYLGHQFHG E\ VSHFLHV FRPSRVLWLRQ VKLIW�
KLJKHU YXOQHUDELOLW\ RI WKH ODJRRQ WR VXPPHU ZDWHU DQR[LD� PRUH IUHTXHQW ILVK NLOO� ,Q WKLV VWXG\ ZH
H[SORUH WKH HFRORJLFDO UHVSRQVH RI FRDVWDO ODNHV LQ 3RQWLQLD UHJLRQ� WR WKH FKDQJHV DORQJ ��
FHQWXU\ �LQ DFFRUGLQJ WR WKH K\SRWKHVL]HG &0,3� JOREDO ZDUPLQJ VFHQDULRV� RI IRUFLQJ IDFWRUV� DV
SUHFLSLWDWLRQ��VHD�OHYHO�DQG�WHPSHUDWXUH��
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9LHWQDPHVH�$FDGHP\�RI�6FLHQFH�DQG�7HFKQRORJ\��+D�1RL��9LHWQDP

81(6&2��)UDQFH

9LHWQDPHVH�$FDGHP\�RI�6FLHQFH�DQG�7HFKQRORJ\��+D�1RL��9LHWQDP

6DSLHQ]D�8QLYHUVLWj�GL�5RPD��5RPH��,WDO\

==9���,QVWLWXWH�RI�3XEOLF�+HDOWK�&KHPLVWU\�'HSDUWPHQW���*HRLVRWRSLFDO�8QLW��.RSHU��6ORYHQLD
�
.(<:25'6��*5281':$7(5�'(3(17(17�/$.(6��&2$67$/�/$.(6��(19,5210(17$/�,03$&76

7KLV SDSHU SUHVHQWV WKH UHVXOWV REWDLQHG GXULQJ DQ LQYHVWLJDWLRQ LQWR WZR ODNHV� %DX 2QJ DQG %DX
%D� ORFDWHG LQ %DX 7UDQJ �HDVW RI WKH FLW\ RI 3KDQ 7KLHW� LQ %LQK 7KXDQ 3URYLQFH� 6RXWKHDVW 9LHW
1DP� DQ DUHD XQGHUJRLQJ PDVVLYH GHVHUWLILFDWLRQ SURFHVVHV DQG LPSDFWHG E\ KXPDQ DFWLYLWLHV
ZKHUH FRDVWDO VDQG GXQHV ODUJHO\ RFFXU� 7KH VWXG\ RI WKH %DX %D DQG %DX 2QJ ODNHV ZDV FDUULHG
RXW ZLWKLQ WKH IUDPHZRUN RI D ODUJHU K\GURJHRORJLFDO LQYHVWLJDWLRQ RQ ZDWHU UHVRXUFHV DVVHVVPHQW
DQG PDQDJHPHQW� QRWDEO\ WKH ³$VVHVVPHQW RI JURXQGZDWHU UHVRXUFHV LQ WKH VDQG GXQH FRDVWDO
DUHD RI %LQK 7KXDQ� 6RXWKHDVW 9LHW 1DP´SURMHFW� GXULQJ WKH SHULRG ���� WR ����� 7KH WZR ODNHV �DW
DQ HOHYDWLRQ RI DSSUR[LPDWHO\ �� P D�V�O� VWUHWFK IRU DSSUR[LPDWHO\ � NP LQ D 1:�6( GLUHFWLRQ �%DX
2QJ QRUWK ZHVW ± %DX %D VRXWK HDVW� SHUSHQGLFXODU WR WKH FRDVW OLQH ORFDWHG DW D GLVWDQFH RI
DURXQG � NP� WKHLU PD[LPXP ZLGWK FRPSULVHV EHWZHHQ ��� DQG ��� P� ZLWK PD[LPXP GHSWKV RI
URXJKO\ �� DQG �� P UHVSHFWLYHO\ DQG D WRWDO YROXPH RI ��� 0P� �%DX %D� DQG ��� 0P� �%DX 2QJ��
7KH RXWOHW RI WKH ODNHV LV ORFDWHG ��� P IURP WKH VKRUH OLQH DQG LV UHSUHVHQWHG E\ D FRDVWDO VSULQJ
LQ WKH VDQG GXQHV� ZLWK D GLVFKDUJH RI EHWZHHQ �� WR ��� O�V� &KHPLFDO DQG VWDEOH LVRWRSH DQDO\VHV
RI WKH ODNH¶V ZDWHU� WKH RXWOHW VSULQJ DQG JURXQGZDWHU WDNHQ IURP DQ REVHUYDWLRQ ZHOO ORFDWHG LQ WKH
YLFLQLW\ RI WKH ODNH� GHPRQVWUDWH WKDW WKH\ DUH FRPSRVHG RI GLIIHUHQW ZDWHU W\SHV� FKDUDFWHUL]HG E\
FRPSOH[ PL[LQJ SURFHVVHV� &XUUHQW HQYLURQPHQWDO LPSDFWV RQ WKH ODNHV DUH UHSUHVHQWHG E\
GHVHUWLILFDWLRQ SURFHVVHV� GXH WR WKH SURJUHVVLRQ RI GXQHV� DQG E\ TXDUU\LQJ DFWLYLWLHV RYHU ODUJH
DUHDV RI WKH GXQHV IRU WKH H[WUDFWLRQ RI 7LWDQLXP VDQGV� 7KLV SURMHFW IRUPHG SDUW RI ERWK WKH
81(6&2 ,QWHUQDWLRQDO +\GURORJLFDO 3URJUDPPH �,+3� DQG WKH ,WDOLDQ 0LQLVWU\ IRU WKH (QYLURQPHQW
/DQG DQG 6HD �,0(/6� ³:DWHU 3URJUDPPH IRU $IULFD� $ULG DQG :DWHU 6FDUFH ]RQH � 9LHWQDP
FRPSRQHQW´� IXQGHG E\ ,0(/6� WKH 9LHWQDPHVH *RYHUQPHQW� WKH ,QWHUQDWLRQDO &RXQFLO IRU 6FLHQFH
�,&68���DQG�81(6&2�,+3�
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8QLYHUVLWL\�RI�,QQVEUXFN��,QVLWXWH�RI�(FRORJ\��,QQVEUXFN��$XVWULD

+LJK�PRXQWDLQ ODNHV �+0/� DUH H[FHOOHQW VHQWLQHOV RI GLIIHUHQW JOREDO FKDQJHV EHFDXVH WKHLU
FDWFKPHQWV KDYH QR GLUHFW DQWKURSRJHQLF LQIOXHQFH DQG WKHUHIRUH� DUH VWURQJO\ LQIOXHQFHG E\
FKDQJHV WDNLQJ SODFH LQ WKH DWPRVSKHUH� +0/ ORFDWHG LQ WKH WHPSHUDWH ]RQH DUH HFRV\VWHPV
ZKHUH RUJDQLVPV OLYH XQGHU D GHOLFDWH EDODQFH DV D FRQVHTXHQFH RI WKH GRPLQDQW KDUVK
HQYLURQPHQWDO FRQGLWLRQV VXFK DV ORZ ZDWHU WHPSHUDWXUHV� KLJK 89 UDGLDWLRQ� DQG ORZ QXWULHQW�IRRG
FRQFHQWUDWLRQV� 7KHLU KLJK VHQVLWLYLW\ WR GLIIHUHQW JOREDO FKDQJHV KDV WKH SRWHQWLDO IRU IXUWKHU
DOWHUDWLRQ LQ VSHFLHV FRPSRVLWLRQ� ,Q WKLV WDON� , ZLOO ILUVW VKRZ WKH PRVW LPSRUWDQW HQYLURQPHQWDO
FKDQJHV DFURVV WKH DOWLWXGLQDO JUDGLHQW DQG GLVFXVV UHOHYDQW JOREDO FKDQJHV WDNLQJ SODFH RU
H[SHFWHG WR DOWHU WKH ELRGLYHUVLW\ DQG IXQFWLRQ RI WKHVH HFRV\VWHPV� $PRQJ WKHP� , ZLOO KLJKOLJKW WKH
LPSRUWDQFH RI FOLPDWH FKDQJH LQ FUHDWLQJ PDQ\ QHZ WXUELG KLJK PRXQWDLQ JODFLHU�IHG ODNHV DV D
FRQVHTXHQFH RI WKH FXUUHQW UDSLG UHWUHDW RI JODFLHUV� 7KXV� FOLPDWLF ZDUPLQJ LV DFFHOHUDWLQJ
FKDQJHV LQ ZDWHU WXUELGLW\ DQG LQ RWKHU SK\VLFRFKHPLFDO IDFWRUV RI JODFLHU ODNHV ZLWK FOHDU
FRQVHTXHQFHV IRU SODQNWRQ FRPPXQLW\ VWUXFWXUH� $QRWKHU WKUHDW LV DULVLQJ IURP KLJK QLFNHO
FRQFHQWUDWLRQV LQ DOSLQH ODNHV LQIOXHQFHG E\ URFN JODFLHUV ZLWKYDOXHV VRPHWLPHV H[FHHGLQJ WKH
WKUHVKROG IRU GULQNLQJ ZDWHUV� )XUWKHU� WKH LQFUHDVH LQ DWPRVSKHULF GHSRVLWLRQ UDWHV RI QLWURJHQ LV DQ
LPSRUWDQW JOREDO FKDQJH UHVXOWLQJ LQ WKH UHSODFHPHQW RI DOJDO VSHFLHV LQ +0/ DQG ZH KDYH UHFHQWO\
XQUHYHDOHG LWV LPSDFW LQ PRGXODWLQJ WKH DELOLW\ RI SODQNWRQLF RUJDQLVPV WR HIILFLHQWO\ SURWHFW DJDLQVW
WKH GDPDJLQJ HIIHFWV RI 89 UDGLDWLRQ� )LQDOO\� , ZLOO VKRZ WKDW NQRZOHGJH REWDLQHG IRU +0/ LQ WKH
WHPSHUDWH ]RQH QHHG WR EH FRPSDUHG ZLWK +0/ LQ WKH WURSLFDO UHJLRQ WKDW VKRZ YHU\ GLIIHUHQW
OLPQRORJLFDO FKDUDFWHULVWLFV� %\ VWXG\LQJ +0/ LQ GLIIHUHQW SDUWV RI WKH ZRUOG� ZH PD\ REWDLQ D EHWWHU
NQRZOHGJH�RQ�WKHLU�HFRORJ\�DQG�WKHLU�VHQWLQHO�YDOXH�DW�D�JOREDO�VFDOH�
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(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�%RO]DQR��,WDO\

(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��%RO]DQR�,WDO\
�
.(<:25'6��$/3,1(�/$.(6��52&.�*/$&,(5��68/3+$7(

'XULQJ WKH ODVW WZR GHFDGHV� WKH LRQLF FRQFHQWUDWLRQ KDV UDSLGO\ LQFUHDVHG LQ VRPH ZDWHU ERGLHV RI
6RXWK 7\URO� D SURYLQFH RI 1RUWKHUQ ,WDO\� 7KH FKHPLFDO FRPSRVLWLRQ RI WKHVH VXUIDFH ZDWHUV ZDV
FRPSDUHG WR DOO RWKHU DYDLODEOH VXUIDFH ZDWHU GDWD IRU WKH SURYLQFH� 7KH GLVWULEXWLRQ RI VXOSKDWH DQG
PDJQHVLXP FRQFHQWUDWLRQV RI QHDUO\ ��� ODNHV RI 6RXWK 7\URO VKRZV WKDW RQO\ D IHZ RI WKHP H[KLELW
KLJK FRQFHQWUDWLRQV RI WKHVH WZR VROXWHV� DQG QHDUO\ H[FOXVLYHO\ KLJK DOWLWXGH ODNHV� 7KH PDMRULW\ RI
ODNHV VKRZ QHJOLJLEOH WHPSRUDO FKDQJHV LQ WKHLU LRQLF FRPSRVLWLRQ RU HYHQ ORZHU VXOSKDWH
FRQFHQWUDWLRQV WKDQ LQ WKH UHFHQW SDVW GXH WR LWV GHFUHDVHG OHYHO LQ DWPRVSKHULF SUHFLSLWDWLRQ LQ WKH
ODVW \HDUV� 7KH REVHUYHG LQFUHDVHG LRQLF FRQFHQWUDWLRQV DUH WRR KLJK WR GHSHQG RQO\ RQ HQKDQFHG
ZHDWKHULQJ GULYHQ E\ FOLPDWH ZDUPLQJ� DOVR EHFDXVH WKH ZDWHUVKHGV RI KLJK DOWLWXGH ODNHV DUH
PRVWO\ VPDOO DQG WKH ZDWHU WUDYHO WLPH LV VKRUW� ,W LV DVVXPHG WKDW WKH PDLQ GULYLQJ IDFWRU LV WKH
PHOWLQJ RI URFN JODFLHUV ZKLFK ZHUH GHWHFWHG ZLWKLQ DOO ZDWHUVKHGV ZKHUH WKH LQFUHDVH LQ VROXWH
FRQFHQWUDWLRQV ZDV REVHUYHG� 7KH ZDWHU PHOWLQJ IURP URFN JODFLHUV VKRZV KLJK FRQFHQWUDWLRQV RI
VROXWHV� SURGXFHG E\ FKHPLFDO DQG ELRORJLFDO SURFHVVHV WDNLQJ SODFH ZLWKLQ WKHP� 7KH ILQDO
SURGXFWV RI WKHVH SURFHVVHV DQG WKH FRQFHQWUDWLRQ OHYHO RI WKH RXWIORZLQJ VROXWHV� LQ VRPH FDVHV
DOVR KHDY\ PHWDO LRQV OLNH QLFNHO DQG PDQJDQHVH� VHHP WR GHSHQG RQ WKH OLWKRORJLFDO FRPSRVLWLRQ
RI�WKH�URFN�JODFLHU�LWVHOI�
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'HSDUWPHQW�RI�/LIH�6FLHQFHV��8QLYHUVLW\�RI�3DUPD��3DUPD��,WDO\

/LIH:DWFK�,WD���(FRORJLFDO�,QWHUDFWLRQV�7KHPDWLF�&HQWHU��&15�,%$)��,QVWLWXWH�RI�$JURHQYLURQPHQWDO�DQG
)RUHVW�%LRORJ\��0RQWHURWRQGR�6FDOR��50���,WDO\�

)DFXOW\�RI�%LRVFLHQFHV��)LVKHULHV�DQG�(FRQRPLFV��7KH�$UFWLF�8QLYHUVLW\�RI�1RUZD\��7URPVR��1RUZD\
�
.(<:25'6��5(*,0(�6+,)7��)22'�:(%��(&26<67(0�5(6,/,(1&(

&OLPDWLF H[WUHPHV� HVSHFLDOO\ KHDWZDYHV DQG GURXJKWV� KDYH LQFUHDVHG LQ IUHTXHQF\� GXUDWLRQ DQG
PDJQLWXGH LQ PDQ\ UHJLRQV RI WKH ZRUOG DV D UHVXOW RI FOLPDWH FKDQJH� 7KLV WUHQG LV SUHGLFWHG WR
FRQWLQXH� WKHUHE\ UDLVLQJ XUJHQW TXHVWLRQV UHJDUGLQJ WKHLU HFRV\VWHP�VFDOH FRQVHTXHQFHV RQ
IUHVKZDWHU V\VWHPV� LQ ZKLFK DEUXSW VKLIWV WR D FRQWUDVWLQJ UHJLPH FDQ EH WULJJHUHG E\
HQYLURQPHQWDO SHUWXUEDWLRQV� :H H[SORUHG WKH LPSDFWV RI D VXPPHU KHDWZDYH RQ D VPDOO� GLPLFWLF
ODNH ORFDWHG LQ WKH 1RUWKHUQ $SHQQLQHV �,WDO\� DW DQ DOWLWXGH RI ���� P D�V�O�� WKDW LV SDUW RI WKH
/7(5 1HWZRUN� ,WV VLPSOH IRRG ZHE� ZLWK UHODWLYHO\ IHZ WURSKLF OHYHOV� IDFLOLWDWHV WKH GHWHFWLRQ RI NH\
FKDQJHV LQ FRPPXQLW\ VWUXFWXUH DQG WKH DVVRFLDWHG GULYLQJ PHFKDQLVPV� $ VXGGHQ WUDQVLWLRQ IURP
D SK\WRSODQNWRQ� WR D PDFURSK\WH�GRPLQDWHG UHJLPH RFFXUUHG GXULQJ WKH ���� KHDWZDYH� :H
LQYHVWLJDWHG FDQGLGDWH PHFKDQLVPV GULYLQJ WKH VZLWFK IURP SHODJLF WR EHQWKLF FRQWURO RI SULPDU\
SURGXFWLRQ� DQG ZH H[DPLQHG SK\VLFR�FKHPLFDO DQG ELRORJLFDO WLPH VHULHV WR LGHQWLI\ WKH PDMRU
HFRV\VWHP�OHYHO FRQVHTXHQFHV RI WKH VZLWFK� (QKDQFHG OLJKW DYDLODELOLW\ GXH WR ZDWHU OHYHO
UHGXFWLRQ PRVW OLNHO\ FUHDWHG IDYRUDEOH FRQGLWLRQV IRU WKH UDSLG HVWDEOLVKPHQW RI EHQWKLF YHJHWDWLRQ
DFURVV WKH ODNH ERWWRP� 2XU UHVXOWV SURYLGH HYLGHQFH RI DEUXSW DQG H[WHQVLYH HFRORJLFDO FKDQJHV
WKDW DUH LQGLFDWLYH RI D UHJLPH VKLIW� :H VKRZ WKDW HFRORJLFDO LPSOLFDWLRQV RI WKH VKLIW SURSDJDWH
DFURVV PXOWLSOH WURSKLF OHYHOV DQG GHWHUPLQH PDUNHG FKDQJHV LQ FRPPXQLW\ VWUXFWXUH WKDW SHUVLVW
ORQJ�DIWHU�WKH�FOLPDWLF�DQRPDO\�

35(6(17$7,21�7<3(��25$/

���

��WK�:RUOG�/DNH�&RQIHUHQFH�������6HSWHPEHU�������3HUXJLD��,WDO\



06�����6�6SHFLDO�6HVVLRQ���&OLPDWH�&KDQJH��ODNHV�DQG�ZDWHU�UHVRXUFHV�LQ�0RXQWDLQ�5HJLRQV

,56$�&15���%UXJKHULR�,WDO\

(9�N��&15��%HUJDPR��,WDO\

,56$�&15���%UXJKHULR�,WDO\
�
.(<:25'6��&/,0$7(�&+$1*(��321'6��*(2025)2/2*<

$OSLQH HFRV\VWHPV DUH HVSHFLDOO\ YXOQHUDEOH WR FOLPDWH FKDQJH� DQG ODNH DQG SRQGV DFW DV HDUO\
LQGLFDWRUV� +HUH� ZH GHVFULEH RXU ILQGLQJV IRU WKH 2UWOHV�&HYHGDOH PRXQWDLQ JURXS �6WHOYLR 1DWLRQDO
3DUN� VRXWKHUQ $OSV� ,WDO\�� ZKHUH ZH XVHG UHPRWH VHQVLQJ WR DQDO\]H PRUH WKDQ ��� ZDWHU SRQGV
GXULQJ WKH ODVW �� \HDUV ������������ :H IRXQG WKDW VLQFH WKH ����V� VRPH ORZHU HOHYDWLRQ SRQGV
����� P D�V�O��� ZH REVHUYHG WKDW VLQFH WKH ����V� ODNHV KDYH LQFUHDVHG LQ VL]H DQG WKDW QHZ ODNHV
KDYH DSSHDUHG DV D FRQVHTXHQFH RI JODFLDO VKULQNDJH DQG UHWUHDW� +RZHYHU� WKHVH QHZ ODNHV
SRVVHVV DQ HSKHPHUDO QDWXUH� 7KH DSSHDUDQFH RI QHZ HQYLURQPHQWV LV XVXDOO\ IROORZHG E\ WKHLU
UDSLG GLVDSSHDUDQFH DQG E\ D FRQFRPLWDQW DSSHDUDQFH RI QHZ RQHV� ZKLFK LV D FOHDU VLJQ RI D
WUDQVLWLRQ IURP D JODFLDO V\VWHP WR D SDUDJODFLDO RQH� 6XUIDFH DUHD FKDQJHV KDYH DOVR SURYHG WR EH
D KLJKO\ YLVLEOH DQG HDVLO\ PHDVXUDEOH VLJQDO RI WKH LPSDFW RI FOLPDWH FKDQJH RQ WKH DOSLQH
HQYLURQPHQW� DV DOUHDG\ GHPRQVWUDWHG LQ RWKHU UHPRWH DUHDV RI WKH ZRUOG� 7KHUH LV D FOHDU QHHG WR
H[WHQG WKLV DQDO\VLV WR RWKHU VLWHV LQ WKH $OSV WR JDLQ D UHJLRQDO XQGHUVWDQGLQJ RI WKH SKHQRPHQRQ�
7KH ILQGLQJV RI WKLV VWXG\ PDNH LW SRVVLEOH WR LQWHUSUHW WKH YDULDWLRQV FUHDWHG E\ FOLPDWH FKDQJH LQ
WKHVH HQYLURQPHQWV� LQ WHUPV RI DOWHUDWLRQ RI WKHLU HFRORJLFDO UROH DQG WKH ORVV RI HFRV\VWHP
VHUYLFHV�
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,56$�&15��,WDO\

,6(�&15��,WDO\

,6(�&15��,WDO\

,6(�&15��,WDO\

(Y�.��&15��,WDO\

,56$�&15��,WDO\
�
.(<:25'6��&/,0$7(�&+$1*(��5(027(�/$.(6��*(2&+(0,675<

7KH 6+$5( :$7(5 3URMHFW DLPV WR DVVXUH D FRQWLQXRXV HQYLURQPHQWDO PRQLWRULQJ LQ PRXQWDLQ
VLWHV WKURXJK ORQJ�WHUP� KLJK TXDOLW\ GDWD VHULHV DQG WR FRQWULEXWH WR WKH VWXG\ RI FOLPDWH FKDQJH
LPSDFWV RQ ZDWHU UHVRXUFHV� :LWKLQ WKLV IUDPHZRUN� ZH UHIHU KHUH WKH PDLQ ILQGLQJV RI UHVHDUFK
IRFXVHG RQ FOLPDWH GULYHUV RI FKDQJH DQG REVHUYHG LPSDFWV RQ ODNHV RQ WKH VRXWKHUQ VORSHV RI 0W
(YHUHVW �1HSDO�� ,Q SDUWLFXODU ZH IRFXV RQ ERWK WKH GULYHUV RI FKDQJH DQG WKH LPSDFWV RQ D ZLGH
ODNH SRSXODWLRQ� SUHVHQWLQJ �� D GDLO\ WHPSHUDWXUH DQG SUHFLSLWDWLRQ UHFRQVWUXFWLRQ IRU WKH ODVW
WZHQW\ \HDUV ����������� XVLQJ DOO WKH DYDLODEOH LQ VLWX PHDVXUHPHQWV� �� WKH LPSDFW RI PHOWLQJ
SURFHVVHV RQ ODNH PRUSKRORJ\ �� WKH FKDQJHV RFFXUUHG LQ WKH ZDWHU TXDOLW\ RI VRPH ODNHV ORFDWHG
EHWZHHQ FD� ���� DQG ���� P D�V�O VLQFH WKH ����V� 2XU ILQGLQJV WHVWLI\ WKDW VRPH FOLPDWH�UHODWHG
VLJQDOV DUH KLJKO\ YLVLEOH DQG HDVLO\ PHDVXUDEOH LQ ODNHV� 'XH WR WKHLU VHQVLWLYLW\� SK\VLFDO DQG
FKHPLFDO�SURSHUWLHV�RI�UHPRWH�ODNHV�FDQ�EH�XVHG�DV�VHQWLQHOV�RI�FOLPDWH�UHODWHG�FKDQJHV�
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.(<:25'6��6+$//2:�:$7(5�021,725,1*��+<'52*(1��7(/(&21752//('��6$7(//,7(��6(0,�68%0(56,%/(

7KH SURSRVHG SURMHFW LQYROYHV WKH LPSOHPHQWDWLRQ DQG WKH H[SHULPHQWDWLRQ RI DQ LQQRYDWLYH
QDXWLFDO WHOHFRQWUROOHG URERWLF YHKLFOH �+6�869� ZLWK D VXUIDFH DQG VHPL�LPPHUVLRQ FDSDELOLW\� 7KLV
YHKLFOH LV EDVHG RQ D SHQGLQJ SDWHQW EHORQJLQJ WR 3DOHUPR 8QLYHUVLW\ �3DWHQW 50����$�������
FRQFHUQLQJ LQQRYDWLYH VHPL�VXEPHUVLEOH YHKLFOHV �+6�'URQH�� WKDW FDQ EH UHPRWHO\ FRQWUROOHG IURP
WKH JURXQG� DLU� VDWHOOLWH DQG VHD DQG WKDW ZLOO EH SRZHUHG E\ IXHO FHOOV DQG SKRWRYROWDLF JHQHUDWRU�
7KH 'URQH LV KRVWV IRU WKH VDWHOOLWH FRPPXQLFDWLRQ HTXLSPHQW� WKH GRZQORDGLQJ GDWD HTXLSPHQW
DQG WKH VXSSO\ RI K\GURJHQ IRU WKH IXHO FHOO� 7KH K\GURJHQ ZLOO EH SURGXFHG GLUHFWO\ RQ ERDUG ZLWK
UHQHZDEOH HQHUJ\ EDVHG WHFKQRORJLHV� DV UHVXOW RI LQWHUGLVFLSOLQDU\ FROODERUDWLRQ ZLWK WKH
(QJLQHHULQJ 'HSDUWPHQW RI WKH 8QLYHUVLW\ RI 3HUXJLD� 7KH 'URQH ZLOO EH HTXLSSHG ZLWK RQ�ERDUG
FRQWURO V\VWHPV IRU DXWRQRPRXV QDYLJDWLRQ �SUHVHW URXWHV� UHFRJQLWLRQ DQG REVWDFOH DYRLGDQFH DQG
ZLOO EH DEOH WR SHUIRUP WKH DQDO\VLV RI VXEVHD GDWD LQ UHDO WLPH DQG RII OLQH� 7KHVH FDSDELOLWLHV ZLOO
EH JXDUDQWHHG E\ NQRZQ DOJRULWKPV RI DUWLILFLDO LQWHOOLJHQFH LQ ERWK WKH RQ�ERDUG RSHUDWLRQDO
FRQWUROV DQG WKH DFTXLVLWLRQ DQG GDWD DQDO\VLV �*HQHWLFV $OJRULWKP� 1HXUDO 1HW� )X]]\ /RJLF�
%D\HVLDQ 1HW� EXW LQ DQ LQQRYDWLYH FRQWH[W� 7KLV V\VWHP FDQ EH VROYHG WKH W\SLFDO ORJLVWLF SUREOHP
RFFXUULQJ LQ YHU\ VKDOORZ ZDWHU FRQWH[WV �VXFK DV FRDVWDO DQG ODFXVWULQH HQYLURQPHQW�� ZKHUH WKH
ORZ GHSWK RI WKH ZDWHU FROXPQ �JHQHUDOO\ OHVV WKDQ �� P� SUHVHQW VHYHUDO FKDOOHQJHV� LQFOXGLQJ
QHDU�ILHOG HIIHFW DQG RSHUDELOLW\ GLIILFXOWLHV� 7KH SURSRVHG V\VWHP FDQ EH XVHG IRU DSSOLFDWLRQV LQ
WKH ILHOGV RI ODNHV PRQLWRULQJ� RUJDQLF ILVK � PDULQH� K\GURJUDSK\� JHRORJ\ � JHRSK\VLFV�
RFHDQRJUDSK\� XQGHUZDWHU DFRXVWLFV DQG HQYLURQPHQWDO PRQLWRULQJ ZLWK SDUWLFXODU DWWHQWLRQ WR
FOLPDWH FKDQJH LPSDFW LQGLFDWRUV� 7KH SURMHFW ZLOO KDYH LPSRUWDQW LPSOLFDWLRQV� VXPPDUL]HG DV
IROORZV� LPSURYHPHQW RI WKH FXUUHQW VWDWXV RI UHPRWH RSHUDWLRQV LQ WKH ILHOG RI PDULQH DQG
RFHDQRJUDSK\ DQG ZDWHU FROXPQ GDWD FROOHFWLRQ� LPSURYHPHQW RI VDIHW\� LPSURYHPHQW RI
FRPSHWLWLYHQHVV�DQG�UHGXFWLRQ�RI�WKH�LPSDFWV�DULVLQJ�IURP�ZRUN�LQ�RIIVKRUH�FRQGLWLRQV�
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,QVWLWXWH�RI�*HRJUDSK\��5XVVLDQ�$FDGHP\�RI�6FLHQFHV��5XVVLD

,QVWLWXWH�RI�*HRJUDSK\��5XVVLDQ�$FDGHP\�RI�6FLHQFHV���7RPVN�6WDWH�8QLYHUVLW\��5XVVLD

,QVWLWXWH�RI�*HRORJ\�DQG�0LQHUDORJ\��6LEHULDQ�%UDQFK��5XVVLDQ�$FDGHP\�RI�6FLHQFHV��5XVVLD

,QVWLWXWH�RI�*HRORJ\�DQG�0LQHUDORJ\��6LEHULDQ�%UDQFK��5XVVLDQ�$FDGHP\�RI�6FLHQFHV���5XVVLD

'HSDUWPHQW�RI�(DUWK�6FLHQFH��8QLYHUVLW\�RI�%HUJHQ��1RUZD\���8QL�5HVHDUFK�%MHUNQHV�&HQWUH�IRU�&OLPDWH
5HVHDUFK��1RUZD\
�
.(<:25'6��/$.(�6(',0(176��/$&8675,1(�6(',0(176��3$/(2/,012/2*<��*/$&,(5�9$5,$7,216��&$8&$686��&/,0$7,&
5(&216758&7,216��+,*+�5(62/87,21�5(&216758&7,216

7KH FOLPDWLF KLVWRU\ RI WKH &DXFDVXV 0RXQWDLQV LV SRRUO\ VWXGLHG� 1R KLJK�UHVROXWLRQ DQG ORQJ�
WHUP UHFRQVWUXFWLRQV RI JODFLHU YDULDWLRQV DQG FOLPDWLF SDUDPHWHUV EDVHG RQ ODNH VHGLPHQWV DUH
NQRZQ IRU WKH UHJLRQ� 0HDQZKLOH� ODNHV RI :HVWHUQ DQG 1RUWKHUQ &DXFDVXV RIIHU D YLWDO VRXUFH RI
SDOHRFOLPDWLF LQIRUPDWLRQ� &RULQJ RI WKH /DNH 'RQJX]�2UXQ WRRN SODFH LQ ���� GXULQJ WKH ILHOG
H[SHGLWLRQ RI WKH ,QVWLWXWH RI *HRJUDSK\� 5XVVLDQ $FDGHP\ RI 6FLHQFHV� $ PRGLILHG SLVWRQ FRUHU
PRXQWHG RQ WKH LQIODWDEOH FDWDPDUDQ ZDV XVHG� $ ���FP ORQJ FRUH ZDV UHWULHYHG IURP D ZDWHU
GHSWK RI � P� 7KH VHGLPHQW FRUH UHYHDOHG D UHJXODU ODPLQDWLRQ VKRZLQJ WKH VLJQV RI FODVVLFDO
JODFLDO YDUYHV� 7KH XSSHU SDUW RI WKH VHGLPHQW FRUH ZDV H[SRVHG WR WKH KLJK�UHVROXWLRQ VFDQQLQJ
JHRFKHPLFDO DQDO\VLV XVLQJ WKH ;5)�65 WHFKQRORJ\ �,QVWLWXWH RI *HRORJ\ DQG 0LQHUDORJ\ 6% 5$6�
1RYRVLELUVN�� &DOFXODWLRQ RI 5E�6U SHDNV �SUHVXPDEO\ PDUNLQJ WKH VSULQJ IORRG� DORQJ ZLWK WKH
YLVXDO FDOFXODWLRQ RI WKH OD\HUV \LHOG WKH VHGLPHQWDWLRQ UDWH DURXQG � PP�\U� 6LPLODU UHVXOWV DUH
GHULYHG IURP WKH GDWLQJ XVLQJ ���&V DQG ���3E� :LWK WKLV KLJK DFFXPXODWLRQ UDWH� WKH VHGLPHQW
FRUH RI /DNH 'RQJX]�2UXQ UHSUHVHQWV DQ LPSRUWDQW VRXUFH RI LQIRUPDWLRQ IRU KLJK�UHVROXWLRQ
UHFRQVWUXFWLRQV RI FOLPDWLF SDUDPHWHUV DQG JODFLHU YDULDWLRQV RI WKH UHJLRQ� 6XEVHTXHQW DQDO\VHV RI
WKH VHGLPHQW FRUH ZHUH FDUULHG RXW ZLWKLQ WKH IDFLOLWLHV RI WKH 8QLYHUVLW\ RI %HUJHQ� 1RUZD\ DQG
LQFOXGHG JHRFKHPLFDO ;5)�DQDO\VLV DQG PDJQHWLF SURSHUWLHV RI WKH VHGLPHQW� ,Q RUGHU WR FODULI\ WKH
UHFHQW KLVWRU\ RI WKH 'RQJX]�2UXQ JODFLHU� OLFKHQRPHWULFDO DQG GHQGURFKURQRORJLFDO GDWLQJ RI LWV
ODWHUDO�DQG�WHUPLQDO�PRUDLQHV�ZDV�DOVR�SURGXFHG�
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'HSDUWPHQW�RI�(QYLURQPHQWDO�6FLHQFH�DQG�(QJLQHHULQJ��.DWKPDQGX�8QLYHUVLW\��1HSDO

/DSSHHQUDQWD�8QLYHUVLW\�RI�7HFKQRORJ\��)LQODQG

$TXDWLF�(FRORJ\�&HQWUH��.DWKPDQGX�8QLYHUVLW\��1HSDO
�
.(<:25'6��+,*+�$/7,78'(�/$.(6��%,27,&�5(63216(��&/,0$7(�&+$1*(

)RXU KLJK DOWLWXGH +LPDOD\DQ ODNHV LQ 1HSDO� QDPHO\ *RN\R ������ P DVO�� 3DQFKSRNKDUL ������ P
DVO�� *RVDLNXQGD ������ P DVO�� DQG 5DUD ������P DVO� ZHUH FRPSDUHG IRU KHDY\ PHWDOV LQ WKH ODNH
VHGLPHQWV� 5HVSRQVH RI QRQ ELWLQJ PLGJHV �,QVHFWD� &KLURQRPLGDH� WR JOREDO HQYLURQPHQWDO
FKDQJH EDVHG RQ VXE IRVVLO UHPDLQV RI WKH KHDG FDSVXOHV LQ WKH VHGLPHQWV ZDV DOVR VWXGLHG�
5HVXOWV UHYHDOHG PRVW �DUVHQLF� FXSSHU� PDQJDQHVH� ]LQF� SRWDVVLXP� DQG VRGLXP� RI WKH DQDO\]HG
PHWDO FRQFHQWUDWLRQV EHORZ WKH OHYHO UHFRPPHQGHG E\ WKH :+2 IRU VDIH GULQNLQJ ZDWHU� /HDG �3E�
DQG FDGPLXP �&G� OHYHOV� KRZHYHU� H[FHHGHG WKH OLPLWV LQ VRPH RI WKH VDPSOHV FUHDWLQJ FRQFHUQ
IRU KXPDQ KHDOWK LQ WKH ODNH *RN\R� 6HGLPHQW VDPSOHV FROOHFWHG IURP WKH OLWWRUDO ]RQH RI ODNH
*RVDLNXQGD FRQWHQWV YHU\ KLJK FRQFHQWUDWLRQ RI LURQ� 7KH FRPSDULVRQ EHWZHHQ WKH KHDY\ PHWDOV
DQG WKH FKLURQRPLGV DEXQGDQFH VKRZHG QHJDWLYH FRUUHODWLRQ LQ WKH ODNH *RVDLNXQGD XS WR D GHSWK
RI �FP LQ WKH OLWWRUDO ]RQH� )XUWKHU VWXGLHV EDVHG RQ VXE IRVVLOV RI FKLURQRPLGV LQ WKH VHGLPHQWV RI
ODNH *RN\R UHYHDOHG GHFUHDVH LQ KHDG FDSVXOHV XS WR D GHSWK RI �FP IROORZHG E\ DQ LQFUHDVH
DIWHUZDUGV LQGLFDWLQJ FOHDU V\PSWRPV RI HQYLURQPHQWDO FKDQJH LQ UHFHQW \HDUV SUREDEO\ FDXVHG E\
WKH GHSRVLWLRQ RI SROOXWDQWV LQ WKH KLJK DOWLWXGH +LPDOD\DQ ODNHV� 6DPSOHV IURP 3DQFKSRNKDUL DQG
5DUD�ODNHV�DUH�EHLQJ�DQDO\]HG�
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&15�,VWLWXWR�SHU�OR�6WXGLR�GHJOL�(FRVLVWHPL��9HUEDQLD��,WDO\

&15�,VWLWXWR�SHU�OR�6WXGLR�GHJOL�(FRVLVWHPL��9HUEDQLD��,WDO\

&15�,VWLWXWR�SHU�OR�6WXGLR�GHJOL�(FRVLVWHPL��9HUEDQLD��,WDO\

&15�,VWLWXWR�SHU�OR�6WXGLR�GHOJL�(FRVLVWHPL��9HUEDQLD��,WDO\

&15�,VWLWXWR�SHU�OR�6WXGLR�GHOJL�(FRVLVWHPL��9HUEDQLD��,WDO\
�
.(<:25'6��0$&5�,19(575(%5$7(6��',$720��$/3,1�/$.(6

5HPRWH ODNHV DUH SULVWLQH� XQGLVWXUEHG HFRV\VWHPV LQKDELWHG E\ VSHFLHV DEOH WR VXVWDLQ KDUVK
FOLPDWLF FRQGLWLRQ� D ORQJ SHULRG RI LFH FRYHU� ORZ QXWULHQW OHYHOV DQG VWURQJ VXQOLJKW� )UHVKZDWHU
HFRV\VWHPV LQ PRXQWDLQ DUHDV DUH RIWHQ WKUHDWHQHG E\ SROOXWLRQ DQG FOLPDWH FKDQJH WKDW PD\
FDXVH ELRGLYHUVLW\ ORVVHV� RU VLJQLILFDQW FKDQJHV LQ FRPPXQLW\ FRPSRVLWLRQ� $ UHVHDUFK VWXG\ KDV
EHHQ SHUIRUPHG LQ WKH 6WHOYLR 1DWLRQDO 3DUN �613� &HQWUDO $OSV� ,WDO\� LQ ������� WR DVVHVV ZDVWHU
TXDOLW\ RI VRPH ODFXVWULQH HQYLURQPHQWV XVLQJ PDFURLQYHUWHEUDWHV DQG GLDWRPV� WZR RI WKH PDMRU
VHQVLWLYH ELRORJLFDO TXDOLW\ LQGLFDWRUV� DQG FKHPLFDO FKDUDFWHULVWLFV� 7KH VWXG\ ZDV SHUIRUPHG LQ WKH
IUDPHZRUN RI 6+$5( 6WHOYLR� DQ LQWHUGLVFLSOLQDU\ SURJUDP IRU GHWHFWLQJ HDUO\ HYLGHQFHV RI FOLPDWH
FKDQJH LQ WKH 613� 7KH ILQDO DLP RI RXU VWXG\ ZDV WR LGHQWLI\ DQG SURPRWH FRQVHUYDWLRQ SUDFWLFHV
RI ZDWHU UHVRXUFHV DQG HYHQWXDO PLWLJDWLRQ PHDVXUHV DJDLQVW WKH LPSDFW RI FOLPDWH FKDQJH�
6DPSOHV ZHUH FROOHFWHG LQ GLIIHUHQW DUHDV RI WKH 613 RQ � ODNHV� IROORZLQJ D (XURSHDQ ZLGH
VWDQGDUGL]HG VDPSOLQJ SURWRFRO� WKURXJK OLWWRUDO KDQGOH QHWWLQJ� GLUHFW VWRQHV EUXVKLQJ� DQG RXWIORZ
ZDWHU VDPSOLQJ� 5HVXOWV� LQ WKH FDVH RI PDFURLQYHUWHEUDWHV� VKRZHG D FOHDU VKLIW LQ FRPPXQLW\
FRPSRVLWLRQ EHWZHHQ YHU\ KLJK DQG OHVV KLJK DOWLWXGH ODNHV FDXVHG E\ WKH UHFHQW RULJLQ RI WKH ILUVW
RQHV� $V UHJDUGV ZDWHU FKHPLVWU\� WKH FROOHFWHG GDWD UHYHDOHG DQ H[WUHPHO\ KLJK YDULDELOLW\ RI
FKHPLFDO FRPSRVLWLRQ� HYHQ LQ YHU\ OLPLWHG DUHDV� 7KURXJK PXOWLYDULDWH VWDWLVWLFDO DQDO\VLV� WKH
GLVWULEXWLRQ RI GLDWRPV DQG PDFURLQYHUWHEUDWHV LQ UHODWLRQ WR DELRWLF IDFWRUV �ODNH JHRJUDSKLFDO DQG
PRUSKRORJLFDO�IHDWXUHV��ZDWHU�FKHPLVWU\��ZLOO�EH�GLVFXVVHG�
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.DWKPDQGX�8QLYHUVLW\��1HSDO

.DWKPDQGX�8QLYHUVLW\��1HSDO

.DWKPDQGX�8QLYHUVLW\��1HSDO

.DWKPDQGX�8QLYHUVLW\��1HSDO
�
.(<:25'6��*/$&,$/�/$1')2506��6835$*/$&,$/�/$.(6��52&.�*/$&,(56

*ODFLDO DQG SHUL�JODFLDO ODQGIRUPV ZLWKLQ +LPDOD\DQ JODFLHUV PD\ EHKDYH GLIIHUHQWO\ XQGHU WKH
LQIOXHQFH RI FOLPDWH FKDQJH� 0RUHRYHU� WKH JURZWK RI JODFLDO ODNHV KDV EHHQ PDMRU FRQFHUQ DPRQJ
WKH VFLHQWLILF FRPPXQLWLHV LQ YHUJH RI JODFLDO ODNH RXWEXUVW IORRG ULVN� 7KLV UHVHDUFK ZRUN LQFOXGHV
WKH GRFXPHQWDWLRQ� GHVFULSWLRQ DQG PDSSLQJ RI JODFLDO DQG SHUL�JODFLDO ODQGIRUPV LQ WKH *RN\R
9DOOH\ IRFXVVLQJ WKHLU JHQHVLV XQGHU WKH LQIOXHQFH RI FOLPDWH FKDQJH� 6LPLODUO\� WHPSRUDO FKDQJH LQ
WKH VXUIDFH DUHD RI VXSUD�JODFLDO ODNHV ZLWKLQ ORZHU UHDFKHV RI 1JR]XPSD *ODFLHU LV SUHVHQWHG�
*DUPLQ *36 GHYLFH ZDV XVHG IRU ORFDWLQJ WKH ODQGIRUPV� KRZHYHU *RRJOH (DUWK LQIRUPDWLRQ ZHUH
DOVR XVHG IRU ORFDWLQJ LQDFFHVVLEOH ODQGIRUPV� *,6 DQG UHPRWH VHQVLQJ WHFKQLTXHV ZHUH XWLOL]HG
DORQJ ZLWK FRPELQDWLRQ RI JURXQG EDVHG PDSSLQJ DQG /DQG6DW 70 LPDJHU\ ��� P UHVROXWLRQ�
SURFHVV IRU GHWHUPLQLQJ JURZWK UDWHV RI VXSUDJODFLDO ODNHV IURP \HDU ���� WR ����� 7HPSHUDWXUH
GDWD ORJJHUV ZHUH XVHG GXULQJ WKDZLQJ SHULRG DW WZR GHSWKV �� FP DQG �� FP� WR LGHQWLI\ DQG
DVVHVV WKH VWDWXV RI SHUL�JODFLDO ODQGIRUPV LQ WKH 9DOOH\� $PRQJ YDULRXV LGHQWLILHG DQG PDSSHG
JODFLDO ODQGIRUPV� DERXW ��� PHWHUV VKLIW LQ OHIW ODWHUDO PRUDLQH DQG SUHVHQFH RI VXEVHTXHQW
UHFHVVLRQDO PRUDLQHV DFFRXQWHG WKH LQIOXHQFH RI FOLPDWH FKDQJH UHVXOWLQJ JODFLHU UHWUHDW LQWHUUXSWHG
E\ WHPSRUDU\ SDXVH RU VOLJKW UHDGYDQFH RI 1JR]XPSD� 6LPLODUO\� RFFXUUHQFH RI �� URFN JODFLHUV
�ILYH ZHUH LQDFWLYH� DQG VHDVRQDOO\ IUR]HQ JURXQGV ZLWK SUHVHQFH LQWDFW JURXQG LFH LQGLFDWHV
VHDVRQDO DQG�RU SHUHQQLDO IUR]HQ FRQGLWLRQ FRPSO\LQJ WR PHDQ DQQXDO WHPSHUDWXUH RI EHORZ � �& LQ
WKH VLWH� 7KHUH ZDV GHFOLQH LQ VXUIDFH DUHD RI VXSUD�JODFLDO ODNHV LQ ORZHU UHDFKHV RI WKH JODFLHU
IURP ���� WR ����� QHYHUWKHOHVV VKDUS JURZWK RI VXUIDFH DUHD IURP ���� RQZDUGV ZDV FRPSXWHG
ZLWK JURZWK UDWH RI ����� � SHU DQQXP� ,Q WKH VDPH \HDUV� WKH DYHUDJH DQQXDO WHPSHUDWXUH WUHQG
VKRZHG WKH ULVH RI ���� �& ����� WR ������ 7KLV JURZWK WUHQG FRXOG EH FRQVHTXHQFH RI PHOWLQJ DQG
FDOYLQJ RI H[SRVHG LFH FOLIIV� UDSLG VKRUHOLQH UHWUHDW DQG VXUIDFH DEODWLRQ XQGHU WKH LQIOXHQFH RI ULVH
LQ WHPSHUDWXUH DQG HQKDQFHG E\ ORZ UHOLHI LQ WHUPLQXV RI 1JR]XPSD� +HQFH VKLIWLQJ RI ODWHUDO
PRUDLQHV� SUHVHQFH RI GLVFRQWLQXHV SHUPDIURVW DQG VKDUS ULVH LQ WKH VXUIDFH DUHD RI VXSUD�JODFLDO
ODNHV�FRXOG�EH�DFFRXQWHG�DV�SHU�WKH�ULVLQJ�WUHQG�RI�WHPSHUDWXUH�LQ�WKH�9DOOH\�
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.DWKPDQGX�8QLYHUVLW\��1HSDO
�
.(<:25'6��&/,0$7(�&+$1*(��+,*+�$/7,78'(�/$.(6��+,0$/$<$

7KH *RN\R ODNH VHULHV DUH WKH ZRUOG¶V KLJKHVW ZHWODQG V\VWHP FRPSULVLQJ RI VL[ PDLQ ODNHV� 7KH
VWXG\ SHUIRUPHG LQFOXGHV EDWK\PHWU\� PRUSKRPHWU\� ZDWHU TXDOLW\� GLDWRPV DQG PDFURLQYHUWHEUDWHV
ULFKQHVV� /DNH )RXU� DOVR FDOOHG 'RQDQJ /DNH� LV WKH ODUJHVW ODNH ������ .P�� PD[ GHSWK ���� P�
LQ WKH VHULHV� ,W DOVR VKRZHG KLJKHVW IOXFWXDWLRQV LQ WKH ZDWHU OHYHO� ZLWK D GHFUHDVH RI �� KHFWDUHV
RI VXUIDFH DUHD EHWZHHQ 0D\ WR -XQH LQ ����� 6HGLPHQWDWLRQ UDWHV DUH LQ DFFRUGDQFH ZLWK WKH
RWKHU KLJK DOWLWXGH ODNHV DQG PHDVXUHV LQ WKH UDQJH IURP ���� WR ����� FP SHU DQQXP� 7KH
PHUFXU\ SROOXWLRQ LQ ZDWHU EDVHG RQ WKH DQDO\VLV LQ ODNH VHGLPHQWV FOHDUO\ LQGLFDWHG DQ LPSDFW RI
ORQJ UDQJH WUDQVSRUW RI SROOXWDQWV� 2I WKH VXE�IRVVLOV RI FKLURQRPLGV KHDG FDSVXOHV
0LFURSVHFWUD VS� DQG 3VHXGRGLDPHVD VS� ZDV GRPLQDQW LQ WKH VHGLPHQWV RI ODNHV� W\SLFDO RI FROG
ROLJRWURSKLF ODNHV� 7KHUH ZDV D FOHDU GHPDUFDWLRQ LQ ERWK PDFURLQYHUWHEUDWHV DQG GLDWRP
FRPSRVLWLRQ EHWZHHQ /DNH )RXU DQG WKH RWKHU ODNHV LQ WKH VHULHV� $FKQDQWKLGLXP PLFURFHSKDOXP�
$� PDFURFHSKDOXP� DQG 0XHOOHULD LQGHW ZHUH FKDUDFWHULVWLF WD[D RI /DNH )RXU� UHIOHFWLQJ W\SLFDO KLJK
DOWLWXGHV�IORUD��
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&15�,QVWLWXWH�RI�(FRV\VWHP�6WXG\��9HUEDQLD�3DOODQ]D��,WDO\

&15�,QVWLWXWH�RI�(FRV\VWHP�6WXG\��9HUEDQLD�3DOODQ]D��,WDO\

&15�,QVWLWXWH�RI�(FRV\VWHP�6WXG\��9HUEDQLD�3DOODQ]D��,WDO\
�
.(<:25'6��$/3,1(�/$.(6��+<'52&+(0,675<��&/,0$7(

7KH ZDWHU FKHPLVWU\ RI PRXQWDLQ ODNHV DQG LWV FKDQJH LQ WLPH LV DIIHFWHG E\ YDULDWLRQ LQ
DWPRVSKHULF GHSRVLWLRQ DQG FOLPDWH� 7KH HIIHFWV RI FOLPDWH ZDUPLQJ RQ PRXQWDLQ ODNHV DUH PDLQO\
LQGLUHFW� DQG UHVXOW IURP D FRPELQDWLRQ RI PXOWLSOH VWUHVVRUV� &OLPDWH DIIHFWV ERWK ELRORJLFDO DQG
SK\VLFR�FKHPLFDO SURFHVVHV� VXFK DV ZHDWKHULQJ RI URFNV DQG VRLOV� 3DUWLFXODUO\ LPSRUWDQW LV WKH
LQGLUHFW HIIHFW RI FKDQJH LQ VQRZ DQG JODFLDO FRYHU LQ ODNH FDWFKPHQWV� ,Q WKLV VWXG\ ZH IRFXVHG RQ
WKH SRVVLEOH HIIHFW RI FOLPDWH FKDQJH RQ FKHPLFDO YDULDWLRQ LQ WKH FKHPLVWU\ RI DOSLQH ODNHV RYHU D
���\HDU SHULRG� :H DQDO\VHG ORQJ�WHUP GDWD �PDMRU LRQV DQG QXWULHQWV� DYDLODEOH IRU DERXW �� ODNHV
LQ WKH :HVWHUQ $OSV DQG DVVHVV FKDQJHV LQ UHODWLRQ WR WKH PDLQ PHWHRURORJLFDO YDULDEOHV
�WHPSHUDWXUH� SUHFLSLWDWLRQ� VQRZ FRYHU�� +LJK IUHTXHQF\ PRQLWRULQJ GDWD H[LVW IRU D IHZ VLWHV�
EHORQJLQJ WR WKH /7(5 QHWZRUN� DQG DOORZHG DQ DQDO\VLV RI VKRUW�WHUP FKDQJHV LQ UHODWLRQ WR
H[WUHPH PHWHRURORJLFDO HYHQWV �H�J� KHDY\ VQRZIDOO� KHDW ZDYHV�� $ JHQHUDO WHQGHQF\ WRZDUGV
LQFUHDVLQJ FRQGXFWLYLW\ DQG VROXWH FRQWHQW LQ ODNH ZDWHU ZDV GHWHFWHG� $ FKDQJH LQ WKH LRQLF
FRPSRVLWLRQ ZDV DOVR REVHUYHG� ZLWK DQ LQFUHDVLQJ FRQWULEXWLRQ RI VXOSKDWH WR WKH WRWDO LRQLF
FRQWHQW� 6HYHUDO ODNHV VKRZHG D SRVLWLYH WUHQG RI VXOSKDWH FRQFHQWUDWLRQV� LQ FRQWUDVW ZLWK WKH
GHFUHDVH RI VXOSKDWH GHSRVLWLRQ ZKLFK KDV DIIHFWHG WKH VWXG\ DUHD LQ WKH ODVW GHFDGHV� $ FOLPDWH
HIIHFW ZDV K\SRWKHVL]HG WR H[SODLQ WKHVH WUHQGV� UHGXFHG VQRZ FRYHU LQ WKH FDWFKPHQWV DQG JODFLHU
DQG�SHUPDIURVW�GHJUDGDWLRQ�ZHUH�LGHQWLILHG�DV�WKH�PDLQ�GULYHUV�RI�FKDQJH�
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6FKRRO�RI�(QJLQHHULQJ��8QLYHUVLW\�RI�%DVLOLFDWD��3RWHQ]D��,WDO\

'HSW��RI�(DUWK�	�(QYLURQPHQWDO�(QJ���&ROXPELD�8QLYHUVLW\���1HZ�<RUN��8�6�$�

'HSW��RI�+\GUDXOLFV��7UDQVSRUW�DQG�5RDGV��8QLYHUVLW\�RI�5RPD�
/D�6DSLHQ]D
��5RPD��,WDO\

'HSW��RI�+\GUDXOLFV��7UDQVSRUW�DQG�5RDGV��8QLYHUVLW\�RI�5RPD�
/D�6DSLHQ]D
��5RPD��,WDO\
�
.(<:25'6��&/,0$7(�&+$1*(��'2:16&$/,1*�7(&+1,48(6��121+202*(1(286�+,''(1�0$5.29�02'(/�

7KLV VWXG\ DGGUHVVHV WR WKH SRVVLEOH FKDQJHV LQ $JUR�3RQWLQR UDLQIDOO XQGHU GLIIHUHQW JOREDO
ZDUPLQJ VFHQDULRV IRU WKH ��VW FHQWXU\� 7KH $JUR�3RQWLQR�SODLQ LV D UHFODPDWLRQ UHJLRQ DQG
SUHVHQWV WKH W\SLFDO K\GUR�JHRORJLFDO IHDWXUHV RI 0HGLWHUUDQHDQ FRDVWDO HQYLURQPHQWV� ,W LV GHQVHO\
SRSXODWHG DQG SURGXFWLYH� WKHUHIRUH� FOLPDWH FKDQJHV FRXOG DGYHUVHO\ DIIHFW WKH VRFLR�HFRQRPLF
GHYHORSPHQW RI WKH DUHD� &XUUHQWO\� GXH WR WKH FRDUVH UHVROXWLRQ RI *OREDO�&LUFXODWLRQ�0RGHOV� ORFDO
FOLPDWH YDULDEOHV VLPXODWLRQV IRU OLPLWHG VL]H DUHD DUH QRW DFFXUDWH� 1RQHWKHOHVV� *&0V
VLPXODWLRQV RI ODUJH�VFDOH XSSHU�DLU ILHOGV DUH JHQHUDOO\ FRQVLGHUHG UHOLDEOH� WKHUHIRUH WR EULGJH WKH
JDS EHWZHHQ *&0V DQG ORFDO�VFDOH SURFHVVHV GLIIHUHQW GRZQVFDOLQJ WHFKQLTXHV DUH FDUULHG RXW�
+HUH� D +LGGHQ�0DUNRY�0RGHO DQG D 1RQ�+RPRJHQHRXV�0DUNRY�0RGHO DUH GHYHORSHG XVLQJ D
���\HDUV UHFRUG ����������� RI GDLO\ UDLQIDOO DPRXQW DW �VWDWLRQV LQ $JUR�3RQWLQR�SODLQ DQG UH�
DQDO\VLV ILHOGV RI DWPRVSKHULF YDULDEOHV� ,Q +00 DQG 1+00 UXQV� ZH GLUHFWO\ FRQVLGHU WKH HQWLUH
\HDU� UDWKHU WKDQ DQ D SULRUL GHPDUFDWLRQ RI VHDVRQV� 7KH LGHD LV WR LGHQWLI\� GLUHFWO\ XVLQJ WKH
+00� WKH VHDVRQDO SUHFLSLWDWLRQ FKDUDFWHULVWLFV ZKLFK PD\ EH UHODWHG WR WKH WHPSRUDO
VHTXHQFH RI µKLGGHQ VWDWHV¶ RI DWPRVSKHUH� VXEVHTXHQWO\ PRGHOHG DV GHSHQGHQW RQ DSSURSULDWH
ILHOGV RI VHOHFWHG DWPRVSKHULF YDULDEOHV� 'DLO\ UDLQIDOO YDULDELOLW\ LV GHVFULEHG LQ WHUPV RI
RFFXUUHQFH RI � µKLGGHQ ZHDWKHU VWDWHV¶ LGHQWLILHG E\ WKH +00 DQG DVVRFLDWHG WR YDULDEOHV
UHSUHVHQWLQJ WKH PDLQ FKDUDFWHULVWLFV RI ODUJH�VFDOH DWPRVSKHULF FLUFXODWLRQ DV REWDLQHG E\ UH�
DQDO\VLV GDWD� WKHQ� XVLQJ 1+00� FDOLEUDWLRQ	YDOLGDWLRQ WHVWV DUH PDGH WR LGHQWLI\ WKH RSWLPDO
SUHGLFWRUV � *HR3RWHQWLDO +HLJKW DQG 7HPSHUDWXUH DW ����K3D� 0HULGLRQDO	=RQDO :LQG DW ���K3D
DQG�3UHFLSLWDEOH�:DWHU���WR�UHSURGXFH�EHWWHU�WKH�REVHUYHG�UDLQIDOO�IHDWXUHV�RQ�$JUR�3RQWLQR�SODLQ�
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0DULD�6NORGRZVND�&XULH�8QLYHUVLW\��)DFXOW\�RI�(DUWK�6FLHQFH�DQG�6SDWLDO�0DQDJHPHQW���'HSDUWPHQW�RI
+\GURORJ\��3RODQG

0DULD�6NORGRZVND�&XULH�8QLYHUVLW\��)DFXOW\�RI�(DUWK�6FLHQFH�DQG�6SDWLDO�0DQDJHPHQW��/DERODWRU\�RI
*HRLQIRUPDWLFV��3RODQG
�
.(<:25'6��/$.(/$1'��'$7$%$6(��*,6��:(%�0$33,1*��:(%*,6��/$.(�3527(&7,21��/$.(�0$1$*(0(17��/$.(
021,725,1*

7KH DLP RI WKH RQOLQH DWODV DQG GDWDEDVH RI 3ROLVK ODNHV ZDV WR FUHDWH D QDWLRQDO SODWIRUP IRU
FRRSHUDWLRQ� ZKLFK QRZ VHUYHV SULPDULO\ VFLHQWLILF LQVWLWXWLRQV SDUWLFLSDWLQJ LQ WKH SURMHFW� &XUUHQWO\
LPSOHPHQWHG VWDJH FRQVLVWV RI FROOHFWLQJ GDWD IURP PXOWLSOH VRXUFHV �LQFOXGLQJ XQSXEOLVKHG GDWD�
DQG WKH LQWHJUDWLRQ RI WKHVH GDWD WR FUHDWH D VLQJOH VHW RI LQIRUPDWLRQ� VWUXFWXUHG DFFRUGLQJ WR SUH�
HVWDEOLVKHG XQLIRUP FULWHULD� 7KH XVH RI *,6 DOORZV WR YLVXDOL]H WKH UHVXOWV RI VWXGLHV WKDW DUH FOHDU
DQG XQGHUVWDQGDEOH WR PDQ\ LQWHUHVWHG FXVWRPHUV� DOVR RXWVLGH WKH DFDGHPLF FRPPXQLW\
�HGXFDWLRQDO LQVWLWXWLRQV� (QYLURQPHQWDO SURWHFWLRQ LQVWLWXWLRQV� ORFDO JRYHUQPHQW� JRYHUQPHQW� QRQ�
JRYHUQPHQWDO RUJDQL]DWLRQV � 1*2V DQG RWKHUV�� 8VH RI WKH :HE VHUYHU WR SXEOLVK WKH GDWD DQG
DQDO\VLV UHVXOWV H[SDQGV WKH QXPEHU RI SRWHQWLDO XVHUV RI WKH GHYHORSHG LQIRUPDWLRQ VHUYLFH�
6SDWLDO�GDWDEDVH�RI�3ROLVK�LV�D�JRRG�WRRO�IRU�PDQDJLQJ�HQYLURQPHQWDO�UHVRXUFHV�
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&KLOLND�'HYHORSPHQW�$XWKRULW\��%KXEDQHVZDU��2GLVKD��,QGLD
�
.(<:25'6��(&26<67(0�+($/7+��&+,/,.$�/$.(��(&26<67(0�021,725,1*

(FRV\VWHP KHDOWK UHSRUW FDUGV DUH WUDQVIRUPDWLYH DVVHVVPHQW DQG FRPPXQLFDWLRQV SURGXFWV WKDW
FRPSDUH HQYLURQPHQWDO GDWD WR VFLHQWLILF RU PDQDJHPHQW WKUHVKROGV DQG DUH GHOLYHUHG WR D ZLGH
DXGLHQFH RQ D UHJXODU EDVLV� &KLOLND ODNH LV D 5DPVDU VLWH ORFDWHG DORQJ HDVW FRDVW RI ,QGLD ZDV LQ
D GHJUDGHG FRQGLWLRQ WLOO ODWH ����¶V� &KLOLND 'HYHORSPHQW $XWKRULW\ �&'$� DGRSWLQJ HFRV\VWHP
DSSURDFK UHVWRUHG WKH ODNH VXFFHVVIXOO\ LQ ����� $V D PRQLWRULQJ WRRO� HFRV\VWHP KHDOWK UHSRUW
FDUG KDV EHHQ XVHG HIIHFWLYHO\ WR WUDFN WKH HFRV\VWHP DQQXDOO\� )RU PHDVXULQJ WKH HFRV\VWHP
KHDOWK RI &KLOLND ODNH� �� LQGLFDWRUV RUJDQLVHG LQ WR WKUHH PDLQ LQGLFHV L�H� ZDWHU TXDOLW\� ILVKHULHV� 	
ELRGLYHUVLW\� )RU HDFK LQGLFHV L�H� ZDWHU TXDOLW\ LQGLFHV �L� ZDWHU FODULW\� �LL� '2 �LLL� WRWDO FKORURSK\OO
	 IRU ELRGLYHUVLW\ LQGLFHV �L� ELUG �LL� GROSKLQ �LLL� EHQWKLF IDXQDO GLYHUVLW\ �LY� SK\WRSODQNWRQ GLYHUVLW\
	 IRU ILVKHULHV LQGLFHV �L� WRWDO FDWFK �LL� VL]H �LLL� GLYHUVLW\ KDV EHHQ WDNHQ LQ WR DFFRXQW� 7KH JUDGHV
DUH FDOFXODWHG IURP WKH DYHUDJH RI ZDWHU TXDOLW\� ILVKHULHV 	 ELRGLYHUVLW\ LQGLFHV� FRPSULVHG RI GDWD
FROOHFWHG GXULQJ WKH FRXUVH RI ODNH PRQLWRULQJ DQG WKH ODNH VFRUHG ³ %´ IRU HFRV\VWHP KHDOWK EDVHG
RQ SHUIRUPDQFH RI ZDWHU TXDOLW\� ILVKHULHV 	 ELRGLYHUVLW LQGLFHV� ZKLFK LV VDWLVIDFWRU\� 7KH SULPDU\
SXUSRVH RI WKH UHSRUW FDUG RI WKH ODNH LV WR WDNH PRQLWRULQJ DQG UHVHDUFK LQIRUPDWLRQ DQG
FRPPXQLFDWH WKLV DFTXLUHG NQRZOHGJH WR D EURDG DXGLHQFH� LQFOXGLQJ UHVRXUFH XVHUV� SROLF\
PDNHUV��VFLHQWLVWV�DQG�WKH�SXEOLF�LQ�D�VLPSOH�IRUPDW�IRU�EHWWHU�XQGHUVWDQGLQJ�DQG�JRYHUQDQFH�

35(6(17$7,21�7<3(��25$/

���

��WK�:RUOG�/DNH�&RQIHUHQFH�������6HSWHPEHU�������3HUXJLD��,WDO\



06������$GYDQFHV�LQ�HFRV\VWHP�PRQLWRULQJ�DQG�PHDVXULQJ�WHFKQRORJLHV

/DNH�%LZD�(QYLURQPHQWDO�5HVHDUFK�,QVWLWXWH��-DSDQ

/DNH�%LZD�(QYLURQPHQWDO�5HVHDUFK�,QVWLWXWH��-DSDQ

/DNH�%LZD�(QYLURQPHQWDO�5HVHDUFK�,QVWLWXWH��-DSDQ

/DNH�%LZD�(QYLURQPHQWDO�5HVHDUFK�,QVWLWXWH��-DSDQ
�
.(<:25'6��$1�81'(5:$7(5�52%27��%(17+26��/$.(�%,:$

(QXPHUDWLQJ EHQWKLF DQLPDOV RQ WKH ERWWRP RI D GHHS ODNH LV QRW DQ HDV\ XQGHUWDNLQJ� &RUH
VDPSOHUV DQG ILVKLQJ QHWV� VXFK DV GUHGJHV� DUH FRPPRQO\ XVHG� 8QIRUWXQDWHO\ FRUH VDPSOHUV
FDQQRW WDNH ODUJH VDPSOHV DQG� EHFDXVH RI ERDW UROOLQJ� GUHGJLQJ QHWV GR QRW DOZD\V UHDFK ODNH
ERWWRP� PDNLQJ LW GLIILFXOW WR REWDLQ WKH KLJKO\ DFFXUDWH GDWD UHTXLUHG IRU HFRORJLFDO DQDO\VLV�
5HFHQWO\� REVHUYDWLRQ PHWKRGV KDYH EHHQ GHYHORSHG WKDW XVH GLJLWDO LPDJHV FDSWXUHG ZLWK DQ
XQGHUZDWHU URERW� ,Q WKH SUHVHQW VWXG\� D 529 �D UHPRWHO\ RSHUDWHG YHKLFOH� ZDV HTXLSSHG ZLWK D
SDUDOOHO DQJOH KLJK UHVROXWLRQ FDPHUD DQG XVHG WR HQXPHUDWH EHQWKRV RQ ODNH ERWWRPV� 0RQWKO\
REVHUYDWLRQV RI EHQWKRV DW �� P GHSWK LQ /DNH %LZD XVLQJ WKH 529 KDYH EHHQ FROOHFWHG VLQFH
0DUFK ����� :H FRPSDUHG WKH ELRPDVV RI -HVRJDPPDUXV DQQDQGDOHL� %GHOORFHSKDOD DQQDQGDOHL�
3DODHPRQ SDXFLGHQV REWDLQHG E\ WKUHH PHWKRGV� FRUH VDPSOHU� QHWV DQG 529� 7KH ODUJHVW EHQWKLF
ELRPDVV IRU -� DQQDQGDOHL DW �� P GHSWK JDWKHUHG ZLWK DQ (NPDQ FRUH�VDPSOHU ZDV DERXW ��� RI
WKDW FDOFXODWHG XVLQJ WKH 529 PHWKRG�)XUWKHU� ELRPDVV YDOXHV GHWHUPLQHG IURP GUHGJH VDPSOHV
GLG QRW FRUUHODWH ZLWK WKRVH IURP WKH FRUH VDPSOHU RU WKH 529� :H FRQFOXGHG� WKHUHIRUH� WKDW WKH
529�PHWKRG�LV�DQ�HIIHFWLYH�PHDQV�WR�HQXPHUDWH�EHQWKLF�ELRPDVV�RQ�WKH�VHGLPHQW�RI�GHHS�ODNHV�
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,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

'LSDUWLPHQWR�GL�&KLPLFD��%LRORJLD�H�%LRWHFQRORJLH��8QLYHUVLWj�GHJOL�6WXGL�GL�3HUXJLD��,WDO\

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

'LSDUWLPHQWR�GL�&KLPLFD��%LRORJLD�H�%LRWHFQRORJLH��8QLYHUVLWj�GHJOL�6WXGL�GL�3HUXJLD��,WDO\

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\

,VWLWXWR�=RRSURILODWWLFR�6SHULPHQWDOH�GHO�3LHPRQWH��/LJXULD�H�9DOOH�G
$RVWD��,WDO\
�
.(<:25'6��$17,)28/,1*��257$�/$.(���0$**,25(�/$.(

7KH FRQWDPLQDWLRQ RI QDYLJDEOH ZDWHUV KDV EHHQ ZLGHO\ VWXGLHG DQG HYHQWXDOO\ WDFNOHG E\ FRJHQW
UHVWULFWLRQV RQ WKH FKHPLFDO SURGXFWV IRU WKH KXOO PDLQWHQDQFH� +RZHYHU� SROOXWDQWV VXFK DV KHDY\
PHWDOV DUH VWLOO UHOHDVHG E\ DQWLIRXOLQJ SDLQWV� ,Q ZLQWHU ����� � VDPSOHV IURP WKH 6RXWKZHVWHUQ
FRDVWV RI WKH 0DJJLRUH /DNH �0/� DQG � IURP WKH 1RUWKHDVWHUQ FRDVWV RI WKH 2UWD /DNH �2/� ZHUH
FROOHFWHG LQ RUGHU WR WHVW WKH VXUIDFH ZDWHUV IURP WRXULVWLF KDUERUV� 7KH FRQFHQWUDWLRQV RI &RSSHU
�&X�� 7LQ �6Q� DQG =LQF �=Q� ZHUH LQVSHFWHG� $QDO\VLV RI DSSURSULDWHO\ SUHSDUHG VDPSOHV ZDV
FRQGXFWHG E\ LQGXFWLYHO\ FRXSOHG SODVPD PDVV VSHFWURPHWU\ �,&3�06�� 7KH UHVXOWV VKRZHG OHYHOV
RI 6Q EHORZ WKH VSHFWURPHWHU VHQVLWLYLW\ ���� SSE� LQ ERWK ODNHV� ZKLOH VLJQLILFDQW YDOXHV RI &X �/0�
����� SSE� 6W 'HY ������ /2� ������ 6W 'HY ������ DQG =Q �/0� ����� SSE� 6W 'HY ������ /2�
����� SSE� 6W 'HY ������ ZHUH GHWHFWHG� /RZ OHYHOV RI 6Q VXJJHVWHG WKDW WKH EDQ IURP SDLQW
PL[WXUH HIIHFWLYHO\ FRQWULEXWHG WR UHGXFH WKH HQYLURQPHQWDO FRQFHQWUDWLRQV RI WKLV KLJKO\ WR[LF
FRPSRXQG� 7KH HIIHFWV RI &X DQG =Q WKDW DUH VWLOO SHUPLWWHG DV DFWLYH SULQFLSOH RI DQWLIRXOLQJ
SURGXFWV E\ &( 5HJ� Q� ��������� QHG WR EH LQYHVWLJDWHG WR EHWWHU XQGHUVWDQG WKH HIIHFWLYH
UHOHDVH�RI�DQWLIRXOLQJ�SDLQWV�DQG�WKHLU�HIIHFWV�RQ�WKH�ODFXVWULQH�HFRV\VWHP�
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9,72��%HOJLXP

9,72��%HOJLXP

&15�,5($��,WDO\

(RPDS��*HUPDQ\

7KH�8QLYHUVLW\�RI�6WLUOLQJ��8QLWHG�.LQJGRP

5%,16��%HOJLXP

'HOWDUHV��7KH�1HWKHUODQGV

30/��8QLWHG�.LQJGRP

07$�2.��+XQJDU\

.ODLSHGRV�8QLYHUVLWHWDV��/LWKXDQLD
�
.(<:25'6��5(027(�6(16,1*��:$7(5�48$/,7<

7KH PDMRULW\ RI (XURSH¶V LQODQG ZDWHU ERGLHV FDQQRW EH SURSHUO\ PRQLWRUHG ZLWK WRGD\¶V UHPRWH
VHQVLQJ V\VWHPV EHFDXVH WKH ODNHV DUH RIWHQ VPDOO DQG LUUHJXODUO\ VKDSHG� 6HQVRUV VXFK DV
02',6 GR QRW SURYLGH WKH UHTXLUHG VSDWLDO UHVROXWLRQ WR IXOILOO WKH PRQLWRULQJ UHTXLUHPHQWV� 6RPH
UHFHQWO\ ODXQFKHG DQG XSFRPLQJ VHQVRUV VXFK DV /DQGVDW�� 2/,� 6HQWLQHO ��06, DQG WKH (Q0$3
K\SHUVSHFWUDO LPDJHU DUH QRW GHVLJQHG DV DQ RFHDQ FRORXU PLVVLRQ� EXW WKHLU VSHFLILFDWLRQV FRXOG
PHHW VRPH UHTXLUHPHQWV RI WKLV FRPPXQLW\� +RZHYHU� DGGLWLRQDO UHVHDUFK DQG WKH LGHQWLILFDWLRQ RI
HQG�XVHUV UHTXLUHPHQWV LV QHHGHG WR HQVXUH IXOO H[SORLWDWLRQ RI WKHVH VHQVRUV IRU LQODQG ZDWHU
TXDOLW\ PRQLWRULQJ �:40�� $ QHZ )3��63$&( FROODERUDWLYH SURMHFW� ,1)250� OLQNHG WR WKH (8
&RSHUQLFXV SURJUDPPH ZLOO RSHQ QHZ SHUVSHFWLYHV IRU WKH XVH RI WKHVH QHZ VHQVRUV IRU LQODQG
:40� 7KH SURMHFW DLPV WR GHYHORS QRYHO DQG LPSURYHG XVHU�GULYHQ SURGXFWV IRU LQODQG :40 E\
XVLQJ LQQRYDWLYH PHWKRGV LQWHJUDWHG LQWR ELRJHRFKHPLFDO PRGHOV ZKLFK IXOO\ H[SORLW WKH FDSDELOLWLHV
RI WKH XSFRPLQJ (DUWK 2EVHUYDWLRQ �(2� PLVVLRQV� ,1)250 DLPV WR ILOO FXUUHQW JDSV E\ GHYHORSLQJ
QHZ DQG LPSURYHG SURGXFWV IRU VHYHUDO QHZ �H�J� /DQGVDW��� DQG XSFRPLQJ VDWHOOLWHV �H�J�
6HQWLQHO��� (Q0$3� ZKLFK ZLOO SURYLGH D ZHDOWK RI QHZ GDWD DW LQFUHDVHG VSDWLDO� VSHFWUDO DQG
WHPSRUDO UHVROXWLRQV� 7R GHYHORS WKHVH QHZ DQG LPSURYHG SURGXFWV� D ODUJH VXLWH RI LQ�VLWX DQG
DLUERUQH K\SHUVSHFWUDO LPDJHV RI (XURSHDQ LQODQG ZDWHUV LV DOUHDG\ DYDLODEOH IRU ,1)250� 7KH
$3(; DLUERUQH K\SHUVSHFWUDO LPDJLQJ VHQVRU� WRJHWKHU ZLWK LQ�VLWX PHDVXUHPHQWV� ZLOO EH XVHG IRU
VLPXODWLRQ RI WKH XSFRPLQJ VDWHOOLWH GDWD� DOJRULWKP GHYHORSPHQW DQG SURGXFWV YDOLGDWLRQ� ,1)250
SURGXFWV ZLOO EH XVHG DV LQSXW DQG FDOLEUDWLRQ RI PRGHOV ZKLFK VLPXODWH WKH G\QDPLFV RI QXWULHQWV�
SK\WRSODQNWRQ W\SHV DQG GLVVROYHG R[\JHQ� (QG�XVHU LQWHUDFWLRQ ZLOO VWHHU QHZ GDWD JDWKHULQJ DQG
DOJRULWKP GHYHORSPHQW WR JXDUDQWHH XSWDNH RI ,1)250 SURGXFWV E\ ZDWHU PDQDJHUV� PRGHOOHUV
DQG SROLF\ PDNHUV� )LQDOO\� ,1)250 GHYHORSPHQWV ZLOO OHDG WR UHFRPPHQGDWLRQV IRU IXWXUH (2
PLVVLRQV WDNLQJ LQWR DFFRXQW UHTXLUHPHQWV IRU LQODQG :40� +HUH ZH ZLOO UHSRUW RQ WKH RXWFRPH RI
WKH ,1)250 HQG�XVHU DGYLVRU\ ERDUG PHHWLQJ DQG VKRZ WKH ILUVW SURGXFWV GHPRQVWUDWLRQ WKH
FDSDELOLWLHV RI WKH QHZ VHQVRUV IRU LQODQG :40� 7KH UHVHDUFK OHDGLQJ WR WKHVH UHVXOWV KDV UHFHLYHG
IXQGLQJ IURP WKH (XURSHDQ &RPPXQLW\
V 6HYHQWK )UDPHZRUN 3URJUDPPH �>)3�����������@� XQGHU
JUDQW�DJUHHPHQW�Q���������
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6LUDODE�5RERWLFV�VUO��,WDO\

'LSDUWLPHQWR�GL�,QJHJQHULD��8QLYHUVLWj�'HJOL�6WXGL�GL�3HUXJLD��,WDO\

6LUDODE�5RERWLFV�VUO��,WDO\

6LUDODE�5RERWLFV�VUO��,WDO\

6LUDODE�5RERWLFV�VUO��,WDO\

6LUDODE�5RERWLFV�VUO��,WDO\

'LSDUWLPHQWR�GL�,QJHJQHULD��8QLYHUVLWj�'HJOL�6WXGL�GL�3HUXJLD��,WDO\

'LSDUWLPHQWR�GL�&KLPLFD��%LRORJLD�H�%LRWHFQRORJLH��8QLYHUVLWj�'HJOL�6WXGL�GL�3HUXJLD��,WDO\

6LUDODE�5RERWLFV�VUO��,WDO\
�
.(<:25'6��869��(19,5210(17$/��021,725,1*

,Q WKLV ZRUN WKH XQPDQQHG HOHFWULFDO VXUIDFH YHVVHO 7UDVL%RW LV GHVFULEHG� 7KH SXUSRVH RI WKH
YHKLFOH LV WR SHUIRUP GLIIHUHQW NLQGV RI HQYLURQPHQWDO DQDO\VLV LQ D ODFXVWULQH VFHQDULR �H�J�
HQYLURQPHQWDO SDUDPHWHUV PRQLWRULQJ DQG ZDWHU DQDO\VLV�� 7KH XVH RI DQ XQPDQQHG YHKLFOH KDV
VHYHUDO DGYDQWDJHV FRPSDUHG WR XVXDO PHWKRGV� $XWRPDWLQJ WKH SURFHVV� SHULRGLFDO DQDO\VLV
FDPSDLJQV WKDW FRXOG ODVW HYHQ PRUH WKDQ D GD\ FDQ EH SHUIRUPHG� ,Q DGGLWLRQ WKH\ PD\ SURYLGH D
JUHDWHU QXPEHU RI JHRUHIHUHQFHG HQYLURQPHQWDO GDWD�7KH DQDO\VLV UHVXOWV FDQ EH FROOHFWHG LQ WKH
ERDW DQG GDWD FDQ EH WUDQVPLWWHG YLD D UDGLR OLQN WR WKH EDVH VWDWLRQ RU VKDUHG YLD D ZHE LQWHUIDFH�
7KH V\VWHP DOORZV FLWL]HQV WR YLHZ UHDO�WLPH GDWD YLD D ZHEVLWH LQFUHDVLQJ WKH VRFLDO SDUWLFLSDWLRQ LQ
WKH HQYLURQPHQWDO TXDOLW\ PRQLWRULQJ LVVXH� 7KH YHKLFOH LV HTXLSSHG ZLWK GLIIHUHQW VHQVRUV DQG
GHYLFHV OLNH D VDPSOHU� D PXOWLSDUDPHWHU ZDWHU TXDOLW\ VRQGH� FDPHUDV IRU FODVVLI\ XQGHUZDWHU DQG
FRDVWDO YHJHWDWLRQ DQG VR RQ� ,W
V DOVR HTXLSSHG ZLWK DOO WKH QHHGHG HOHFWURQLF GHYLFHV IRU
QDYLJDWLRQ FRQWURO� 7UDVL%RW LV DEOH WR QDYLJDWH LQ WRWDO DXWRQRP\ DFURVV D OLVW RI SUHSURJUDPPHG
ZD\�SRLQWV� LQ HDFK RI WKHP LW FDQ SHUIRUP D VSHFLILF WDVN� ,Q WKLV ZRUN ZH GHVFULEH LQ GHWDLO WKH
URERW DUFKLWHFWXUH� WKH FRQWURO V\VWHP� WDVNV WKDW WKH 869 FDQ DFFRPSOLVK DQG KRZ LW FDQ GR LW� ,Q
SDUWLFXODU ZH GHVFULEH DOVR DOO WKH VDIHW\ SUHFDXWLRQ DGRSWHG LQ RUGHU WR REWDLQ D 5,1$ FRPSOLDQFH
ZKLFK�SURYLGHV�VKLS�FODVVLILFDWLRQ��FHUWLILFDWLRQ�DQG�WHVWLQJ�
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DHU5RERWL[��,WDO\
�
.(<:25'6��810$11('�685)$&(�9(66(/6��'$06�6(',0(17�5(029$/��%$7+,0(75<

&DUU\LQJ RXW VXUYH\V ZLWK ERDWV RYHU IUHVK ZDWHU VXUIDFHV RIWHQ UHTXLUH WR IDFH UHOHYDQW ORJLVWLF
FRQVWUDLQWV� SUDFWLFDO GLIILFXOWLHV DQG SRVVLEOH ULVNV IRU WKH RSHUDWRUV� 2SHUDWLRQDOO\ WKH FUDIW PXVW
DFFRPPRGDWH WKH KHOPVPDQ� V\VWHP RSHUDWRU�V DQG WKH UHOHYDQW HTXLSPHQW EXW FHUWDLQ ODNHV�
GDPV� ULYHUV� FDQDOV� ZDWHU UHVHUYRLUV RU IUHVK ZDWHU EDVLQV VXJJHVW RU HYHQ LPSRVH VPDOO YHVVHOV�
%DVLQV WR EH PRQLWRUHG DUH RIWHQ ORQHO\ SODFHV� LQ PRXQWDLQ RU LQ LVRODWHG DUHDV� VRPHWLPHV QRW
ZHOO DFFHVVLEOH E\ FDU DQG RFFDVLRQDOO\ GLIILFXOW WR UHDFK HYHQ RQ IRRW� 7KH FRDVW ORZ ZDWHU GHSWK
FDQ PDNH LW GLIILFXOW WR ODXQFK WUDGLWLRQDO ERDWV ZLWKRXW D ULVN WR SURSHOOHUV DQG�RU UXGGHUV FRPLQJ LQ
FRQWDFW ZLWK WKH EDVLQ IORRU� (QYLURQPHQWDO FRQVWUDLQWV FDQ SUHYHQW WKH XVH RI RXWERDUG HQJLQHV�
*RRG DOWHUQDWLYHV DUH RIIHUHG WRGD\ E\ WKH HPHUJLQJ WHFKQRORJ\ RI 8QPDQQHG 6XUIDFH 9HKLFOHV
�869� WKDQNV WR WKH DFKLHYHPHQWV LQ PLQLDWXUL]DWLRQ RI VXUYH\ HTXLSPHQW� 6LJQLILFDQW DGYDQFHV LQ
QDYLJDWLRQ DQG FRPPXQLFDWLRQ HOHFWURQLFV KDYH DOORZHG WR DXWRPDWH WKH FRPSOHWH VXUYH\ SURFHVV�
WKXV PDNLQJ WKH SUHVHQFH RQERDUG RI WKH RSHUDWRUV DW OHDVW XQQHFHVVDU\ DQG WKH ZKROH SURFHVV
PRUH FRVW HIIHFWLYH� 7KH ,WDOLDQ FRPSDQ\ DHU5RERWL[ KDYH GHYHORSHG DQG SDWHQWHG D IDPLO\ RI
VPDOO 869� QDPHG &DW2QH� ZKLFK SUHVHQW LQQRYDWLYH VROXWLRQV WKDW PDNH LW XQLTXH� LQFOXGLQJ DQ
DXWRPDWLF ZLQFK IRU FDVWLQJ PHDVXULQJ GHYLFHV DW SUHGHILQHG GHSWK� %DVHG RQ D QXPEHU RI
VXFFHVVIXO H[SHULHQFHV DFTXLUHG ZLWK &DW2QH RYHU GDPV EDVLQV� ULYHUV� ODNHV DQG TXDUU\ ODNHV WKLV
SDSHU GHVFULEHV WKH QHZ DSSURDFK� WKH UHOHYDQW OHVVRQ OHDUQHG DQG SRLQWV RXW LWV DGYDQWDJHV ZLWK
UHVSHFW�WR�WUDGLWLRQDO�V\VWHPV�
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,QWHUQDWLRQDO�+\GURORJLFDO�3URJUDPPH��1DWLRQDO�&RPPLWWHH�RI�1HSDO��1HSDO
�
.(<:25'6��/$.(6�,1�1(3$/��*/$&,(5�/$.(6��121�*/$&,(5�/$.(�

$ ODNH LV DQ LQODQG EDVLQ ILOOHG ZLWK ZDWHU� ,Q 1HSDO� WKHUH DUH DERXW ��� VLJQLILFDQW ODNHV� 7KH H[DFW
QXPEHU RI /DNHV LQ 1HSDO LV \HW WR EH LGHQWLILHG� $ SUHOLPLQDU\ LQYHQWRU\ UHYHDOHG WKDW �� SHUFHQW RI
ODNHV IDOO RQ VPDOO FDWHJRU\ � /DNHV ZLWK DUHD JUHDWHU WKDQ �� KHFWDUHV DUH OHVV WKDQ � SHUFHQW� 7KLV
SDSHU GHDOV RQ WKH SK\VLRJUDSKLF GDWD RI VRPH PDMRU ODNHV HVSHFLDOO\ EDWK\PHWULF SDUDPHWHUV RI
7LOLFKR ODNH DW ���� PHWHU DOWLWXGH� 5DUD /DNH DW ���� PHWHU DOWLWXGH� 0DL�3RNKDUL DW ���� PHWHU
DOWLWXGH DQG *KRGDJKRGL ODNH DW ��� PHWHU DOWLWXGH� 7KH ZDWHU TXDOLW\ VWDWXV RI 5DUD ODNH LV
XQSROOXWHG ZKHUHDV ZDWHU ERGLHV ORFDWHG LQVLGH WKH XUEDQ DUHDV DUH H[WUHPHO\ SROOXWHG� 7KH
GLPHQVLRQOHVV GHSWK RI D ODNH WKDW LV GHILQHG DV WKH UDWLR EHWZHHQ FXELF URRW RI ODNH YROXPH DQG
VTXDUH URRW RI ODNH DUHD� LV IRXQG WR EH JUHDWHU WKDQ ���� LQ PRXQWDLQ UHJLRQ DQG OHVV WKDQ ��� LQ
7DUDL SODLQV� 7KH GLPHQVLRQOHVV GHSWK LV XVHG WR DVVHVV WRWDO YROXPH RI ZDWHU RI ODNHV ZLWK VLPLODU
FDWHJRU\� 7KH WRWDO YROXPH RI ZDWHU VWRUHG LQ ��� VLJQLILFDQW ODNHV RI 1HSDO LV HVWLPDWHG WR EH DERXW
��� ELOOLRQ FXELF PHWHUV� +RZHYHU� VXFK UHVHDUFK LV \HW WR EH IXUWKHU FDUULHG RXW RQ KLJK UHVROXWLRQ
DUHDO�PDSV�ZLWK�*,6�WRROV��.H\ZRUGV����5DUD���7VKR�5ROSD��0DLSRNKDUL��*KRGDJKRGL��+LPDOD\DV���
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/DNH�(FRV\VWHPV�*URXS��&HQWUH�IRU�(FRORJ\�	�+\GURORJ\��/DQFDVWHU�(QYLURQPHQW�&HQWUH��/DQFDVWHU��8.

/DNH�(FRV\VWHPV�*URXS��&HQWUH�IRU�(FRORJ\�	�+\GURORJ\��/DQFDVWHU�(QYLURQPHQW�&HQWUH��/DQFDVWHU��8.

/DNH�(FRV\VWHPV�*URXS��&HQWUH�IRU�(FRORJ\�	�+\GURORJ\��/DQFDVWHU�(QYLURQPHQW�&HQWUH��/DQFDVWHU�/$�
�$3��8.

/DNHODQG�,QVWUXPHQWDWLRQ�/WG���*UDQJH�RYHU�6DQGV��8.

'HSDUWPHQW�RI�%LRORJLFDO�DQG�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�6WLUOLQJ��6WLUOLQJ��8.
�
.(<:25'6��'(37+�5(62/9('��($57+�2%6(59$7,21��+,*+�)5(48(1&<

7UDGLWLRQDO ODNH PRQLWRULQJ DW ZHHNO\ WR PRQWKO\ LQWHUYDOV KDV JHQHUDWHG LQYDOXDEOH GDWDVHWV WKDW
GRFXPHQW VHDVRQDO SDWWHUQV RI FKDQJH LQ UHVSRQVH WR ZHDWKHU DQG ORQJ�WHUP FKDQJHV LQ UHVSRQVH
WR ORFDO� UHJLRQDO DQG JOREDO DQWKURSRJHQLF SUHVVXUHV� 7KHVH GDWDVHWV KDYH XQGHUSLQQHG WKH
GHYHORSPHQW RI ODNH HFRORJ\� ODNH PDQDJHPHQW DQG OHJLVODWLRQ WR SURWHFW ODNHV� 7KHUH DUH�
KRZHYHU� VHYHUDO OLPLWDWLRQV ZLWK WKLV DSSURDFK� )LUVWO\� WKH QXPEHU RI ODNHV WKDW KDYH� DQG FDQ EH�
PHDVXUHG LQ WKLV ZD\ LV D WLQ\ SURSRUWLRQ RI WKH JOREDO WRWDO DQG GLIIHUHQW PHWKRGV DUH XVHG DW
LQGLYLGXDO VLWHV� FRQVHTXHQWO\� WKH VWDWXV RI PRVW ODNHV� HVSHFLDOO\ UHPRWH RQHV� LV XQNQRZQ DQG
YDOLG FRPSDULVRQV FDQ EH FRPSURPLVHG E\ PHWKRGRORJLFDO GLIIHUHQFHV� 6HFRQGO\� UDWHV RI FKDQJH
LQ ODNHV FDQ EH UDSLG� JHQHUDWHG E\ PLFURELDO SRSXODWLRQV ZLWK VKRUW JHQHUDWLRQ WLPHV DQG KLJK
UDWHV RI ELRJHRFKHPLFDO H[FKDQJH� DQG E\ ODUJH DQG SHUVLVWHQW HIIHFWV RI VKRUW�WHUP H[WHUQDO
VWUHVVRUV� FRQVHTXHQWO\� VXEVWDQWLDO FKDQJH DW GDLO\ DQG GLHO WLPHVFDOHV LV QRW UHVROYHG E\
WUDGLWLRQDO PHWKRGV� )LQDOO\� GHSWK LV DQ LPSRUWDQW IDFWRU FRQWUROOLQJ ODNH IXQFWLRQ GXULQJ
VWUDWLILFDWLRQ EXW KLJK�IUHTXHQF\ DQG PXOWL�SDUDPHWHU GHSWK�SURILOHV DUH UDUH� FRQVHTXHQWO\� WKH IXOO
SLFWXUH RI ODNH ELRJHRFKHPLVWU\ LV ODFNLQJ� ,Q WKH ODVW GHFDGH� WHFKQRORJLFDO GHYHORSPHQWV LQ D
UDQJH RI DUHDV KDYH SURGXFHG YDOXDEOH RSSRUWXQLWLHV WR RYHUFRPH WKHVH OLPLWDWLRQV� 7KLV WDON ZLOO
RXWOLQH WKH FRPSOHPHQWDU\ EHQHILWV SURYLGHG E\ KLJK�IUHTXHQF\ PRQLWRULQJ DW RQH RU D QHWZRUN RI
VLWHV� DXWRPDWLF FROOHFWLRQ RI GHSWK�SURILOHV� GHYHORSPHQW RI RSHQ�DFFHVV VRIWZDUH IRU FRQVLVWHQW
FDOFXODWLRQV�DQG�WKH�JURZLQJ�SRZHU�RI�(DUWK�2EVHUYDWLRQ�

35(6(17$7,21�7<3(��25$/

���

��WK�:RUOG�/DNH�&RQIHUHQFH�������6HSWHPEHU�������3HUXJLD��,WDO\



06������$GYDQFHV�LQ�HFRV\VWHP�PRQLWRULQJ�DQG�PHDVXULQJ�WHFKQRORJLHV

/DJXQD�/DNH�'HYHORSPHQW�$XWKRULW\��3KLOLSSLQHV

/DJXQD�/DNH�'HYHORSPHQW�$XWKRULW\��3KLOLSSLQHV

/DJXQD�/DNH�'HYHORSPHQW�$XWKRULW\��3KLOLSSLQHV
�
.(<:25'6��6,03/(�0(7+2'��&2/25�&2'('�:$7(5�48$/,7<��67$.(+2/'(56

7KH :DWHU 0RQGULDDQ LV D VLPSOLILHG PHWKRG RI SUHVHQWLQJ WKH ZDWHU TXDOLW\ VWDWXV RI WKH /DJXQD GH
%D\ DQG LWV WULEXWDULHV� ,W ZDV GHYHORSHG LQ ���� GXULQJ WKH 'XWFK�IXQGHG 6XVWDLQDEOH 'HYHORSPHQW
RI WKH /DJXQD GH %D\ (QYLURQPHQW 3URMHFW RI //'$ DQG QDPHG DIWHU WKH IDPRXV 'XWFK 3DLQWHU�
3LHW 0RQGULDDQ� VLQFH WKH PHWKRG RI SUHVHQWDWLRQ DGRSWHG KLV VW\OH DQG XVHG RI WKH SULPDU\ FRORUV�
7KURXJK WKH :DWHU 0RQGULDDQ� WKH UHVXOWV RI WKH ZDWHU TXDOLW\ PRQLWRULQJ GRQH E\ //'$ LQ
LGHQWLILHG ODNH DQG ULYHU PRQLWRULQJ VWDWLRQV DUH MXVW VLPSO\ FRPSDUHG IRU FRPSOLDQFH WR WKH
'HSDUWPHQW RI WKH (QYLURQPHQW DQG 1DWXUDO 5HVRXUFHV �'(15� ZDWHU TXDOLW\ FULWHULD IRU IUHVKZDWHU
V\VWHPV ZLWK WKH XVH RI D FRPSXWHU SURJUDP� &RQVHTXHQWO\� FRORU�FRGHG VFKHPDWLF PDSV DUH
SURGXFHG LQGLFDWLQJ ZKLFK DPRQJ WKH ODNH DQG ULYHU PRQLWRULQJ VWDWLRQV KDYH ZDWHU TXDOLW\ JRRG IRU
GULQNLQJ� UHFUHDWLRQ� ILVKHU\ DQG LUULJDWLRQ SXUSRVHV� 7KH FRORU�FRGHG SUHVHQWDWLRQ SURYLGHV WKH
//'$¶V SROLF\�PDNLQJ ERG\ DQG WKH YDULRXV VWDNHKROGHUV RI WKH /DJXQD GH %D\ 5HJLRQ DQ
LPPHGLDWH DQG FRPSUHKHQVLYH RYHUYLHZ RI WKH ODNH¶V ZDWHU TXDOLW\ FRQGLWLRQ IRU VHOHFWHG
SDUDPHWHUV� ZLWKRXW DQ\ QHHG IRU KLJKO\ WHFKQLFDO GHWDLOV� 7KXV� WKH LQIRUPDWLRQ IURP WKH :DWHU
0RQGULDDQ FDQ EH YHU\ XVHIXO LQ GHYHORSLQJ DSSURSULDWH ZDWHU UHVRXUFH PDQDJHPHQW SODQ DQG
VWUDWHJLHV�IRU�WKH�SXUSRVH�RI�LPSURYLQJ�WKH�RYHU�DOO�ODNH¶V�ZDWHU�TXDOLW\�LQ�WKH�IXWXUH��

35(6(17$7,21�7<3(��25$/

���

��WK�:RUOG�/DNH�&RQIHUHQFH�������6HSWHPEHU�������3HUXJLD��,WDO\



06�����6�6SHFLDO�6HVVLRQ���+\GURORJLFDO�PRQLWRULQJ�RI�WKH�ZRUOGV�ODUJH�ODNHV�DQG�UHVHUYRLUV

���

��WK�:RUOG�/DNH�&RQIHUHQFH�������6HSWHPEHU�������3HUXJLD��,WDO\



06�����6�6SHFLDO�6HVVLRQ���+\GURORJLFDO�PRQLWRULQJ�RI�WKH�ZRUOGV�ODUJH�ODNHV�DQG�UHVHUYRLUV

$OH[DQGUX�,RDQ�&X]D�8QLYHUVLW\�RI�,DVL��5RPDQLD

$OH[DQGUX�,RDQ�&X]D�8QLYHUVLW\�RI�,DVL��5RPDQLD

$OH[DQGUX�,RDQ�&X]D�8QLYHUVLW\�RI�,DVL��5RPDQLD

$OH[DQGUX�,RDQ�&X]D�8QLYHUVLW\�RI�,DVL��5RPDQLD
�
.(<:25'6��%$7+<0(75<��(526,21��/$1'�86(

6WDQFD�&RVWHVWL 5HVHUYRLU KROGV WKH ODUJHVW DPRXQW RI ZDWHU DPRQJ UHVHUYRLUV ORFDWHG LQ 5RPDQLD
DQG LV NQRZQ WR KDYH PXOWLSOH SXUSRVHV� VXFK DV IORRG PLWLJDWLRQ� K\GURSRZHU SURGXFWLRQ� LUULJDWLRQ
HWF� 2XU EDWK\PHWULF VXUYH\ ZDV FRQGXFWHG DORQJ ORQJLWXGLQDO� DV ZHOO DV WUDQVYHUVH DOLJQPHQWV� VR
DV WR FRYHU WKH HQWLUH ODFXVWULQH VXUIDFH E\ XVLQJ DQ HFKR VRXQGHU� :H HPSOR\HG GDWD IURP WKUHH
GLIIHUHQW VXUYH\V� L�H� WRSR �GDWLQJ EDFN WR ����� EHIRUH WKH RQVHW RI IORRGLQJ� DQG EDWK\PHWULFDO
����� DQG ����� VXUYH\V� 7KH GUDLQDJH EDVLQ RI WKLV UHVHUYRLU H[WHQGV DFFURVV WKUHH FRXQWULHV�
5RPDQLD� 8NUDLQH DQG 5HSXEOLF RI 0ROGRYD� DQG ZKHUHDV WKH PRXQWDLQ VHFWRU RI WKH EDVLQ LV
PRVWO\ FRYHUHG E\ IRUHVW� WKH ORZODQG �WKH 0ROGDYLDQ 3ODWHDX� LV XVHG IRU DJULFXOWXUDO SXUSRVHV� L�H��
FHUHDO FURSV� 7KXV� GHIRUHVWDWLRQ DQG LQDSSURSULDWH WLOODJH WHFKQLTXHV HPSOR\HG ZLWKLQ WKLV EDVLQ
UHVXOW LQ LQFUHDVHG VRLO HURVLRQ� 7KH WHUUDFHV IRUPHG DORQJ WKH GRZQVWUHDP VHFWRU RI WKH UHVHUYRLU
DUH QRW FRYHUHG E\ DOOXYLXP� ZKHUHDV WKH FRUUHVSRQGLQJ WHUUDFHV IURP LWV XSSHU VHFWRU KDYH EHHQ
RYHUODLQ E\ VXEPHUJHG JODFLVHV� 0RUHRYHU� E\ WKH &LXJXU ULYHU PRXWK ZH REVHUYHG D VXEPHUJHG
YDOOH\� DV ZHOO DV VHYHUDO VXEPHUJHG QDWXUDO OHYHHV� 7KH GHHSHVW DUHD RI WKH UHVHUYRLU ����� P� LV
ORFDWHG RII WKH GDP DQG LV WKRXJKW WR EH WKH RXWFRPH RI D FLUFXODU FXUUHQW JHQHUDWHG E\ WKH ODNH
ERWWRP PRUSKRORJ\� 7KH WRWDO YROXPH RI WKH DFFXPXODWHG DOOXYLXP DPRXQWV WR �������� P�� 7KH
VLOWLQJ�GHJUHH�LV�UDWKHU�KLJK��UDQJLQJ�XS�WR�DQ�LQGH[�YDOXH�RI������RYHU����\HDUV�
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&1(6�/HJRV��)UDQFH

&1(6�/HJRV��)UDQFH

&1(6�/HJRV��)UDQFH

&1(6�/HJRV��)UDQFH

,5'�/HJRV��)UDQFH

&1(6�/HJRV��)UDQFH
�
.(<:25'6��5(027(�6(16,1*��:$7(5�+(,*+7��685)$&(�$1'�92/80(��'$7$%$6(

:H SUHVHQW WKH FXUUHQW VWDWH RI WKH +\GURZHE GDWDEDVH DV ZHOO DV GHYHORSPHQWV LQ SURJUHVV�
+\GURZHE �KWWS���ZZZ�OHJRV�REV�PLS�IU�VRD�K\GURORJLH�K\GURZHE�� SURYLGHV RIIOLQH ZDWHU OHYHO WLPH
VHULHV RQ ULYHUV� ODNHV DQG UHVHUYRLUV EDVHG RQ DOWLPHWU\ GDWD IURP VHYHUDO VDWHOOLWHV
�7RSH[�3RVHLGRQ� (56�� -DVRQ��	�� *)2� ,FHVDW DQG (19,6$7�� ,Q DGGLWLRQ WR +\GURZHE� D ODNH
GDWD FHQWUH LV XQGHU GHYHORSPHQW DW WKH /HJRV LQ FRRUGLQDWLRQ ZLWK +\GURODUH 3URMHFW OHDGHG E\
6+, �6WDWH +\GURORJLFDO ,QVWLWXWH RI WKH 5XVVLDQ $FDGHP\ RI 6FLHQFH�� ,W ZLOO SURYLGH WKH OHYHO�
VXUIDFH�YROXPH YDULDWLRQV RI DERXW ��� ODNHV DQG UHVHUYRLUV� FDOFXODWHG WKURXJK FRPELQDWLRQ RI
YDULRXV VDWHOOLWH LPDJHV �0RGLV� $VDU� /DQGVDW� &EHUV� DQG UDGDU DOWLPHWU\ �7RSH[ � 3RVHLGRQ�
-DVRQ�� 	 �� *)2� (QYLVDW� (56�� 6DUDO�$OWLND� &U\RVDW���� 7KH ILQDO REMHFWLYH LV WR VXSSRUW WKH
+\GURODUH SURMHFW �ODNH GDWD FHQWUH IURP ,Q VLWX REVHUYDWLRQ� IURP VDWHOOLWH GDWD IRU WKH PRQLWRULQJ RI
WKH (VVHQWLDO &OLPDWH 9DULDEOHV �(&9V� IRU ODNHV LQFOXGHG LQ WKH *OREDO 7HUUHVWULDO 1HWZRUN �*71�
/� XQGHU WKH VXSHUYLVLRQ RI :02 �:RUOG 0HWHRURORJLFDO 2UJDQL]DWLRQ�DQG *&26 �*OREDO &OLPDWH
2EVHUYLQJ 6\VWHP�� ,Q D ORQJHU SHUVSHFWLYH� WKH +\GURZHE GDWD EDVH ZLOO LQWHJUDWH GDWD IURP IXWXUH
PLVVLRQV �-DVRQ��� � 6HQWLQHO��� -DVRQ�&6� ,FHVDW��� DQG ILQDOO\ ZLOO VHUYH IRU WKH GHVLJQ RI WKH
6:27�PLVVLRQ�
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6WDWH�+\GURORJLFDO�,QVWLWXWH��6W�3HWHUVEXUJ��5XVVLD

6WDWH�+\GURORJLFDO�,QVWLWXWH��6W�3HWHUVEXUJ��5XVVLD
�
.(<:25'6��/$.(6�$1'�5(6(592,56��+<'52/2*,&$/�2%6(59$7,216��+<'52/2*,&$/�,1)250$7,21

7KHUH DUH PRUH WKDQ ��������� ODNHV DQG UHVHUYRLUV LQ WKH WHUULWRU\ RI WKH 5XVVLDQ )HGHUDWLRQ
ZKLFK DUH ORFDWHG LQ GLIIHUHQW ODQGVFDSH ]RQHV� $OWKRXJK URXWLQH K\GURPHWHRURORJLFDO REVHUYDWLRQV
RI FHUWDLQ ODNHV UHJLPH GDWH EDFN WR WKH PLG���WK FHQWXU\� D VWDWH REVHUYLRQ QHWZRUN IRU ODNHV DQG
UHVHUYRLUV RSHUDWLQJ RQ WKH EDVLV RI FRPPRQ VWDQGDUGV DQG UHJXODWLRQV ZDV HVWDEOLVKHG DQG
LQWHQVLYHO\ GHYHORSHG LQ WKH SHULRG IURP ���� WR ����� ,Q GLIIHUHQW \HDUV REVHUYDWLRQV ZHUH FDUULHG
RXW DW ��� K\GURORJLFDO VWDWLRQV DQG ���� RIIVKRUH SRLQWV RQ ��� ODNHV DQG UHVHUYRLUV� +\GURORJLFDO
VWDWLRQV SHUIRUP REVHUYDWLRQV RI ZDWHU OHYHO DQG WHPSHUDWXUH� DLU WHPSHUDWXUH DQG SUHFLSLWDWLRQ DV
ZHOO DV WKH VWDWH RI LFH FRYHU QHDU WKH VKRUH� 9HUWLFDO SURILOLQJ RI ZDWHU WHPSHUDWXUH DW YDULRXV
GHSWKV� VWDWH RI LFH FRYHU� FXUUHQWV HWF� LV PDGH DW FHUWDLQ SRLQWV LQ RIIVKRUH DUHDV� $OO REVHUYDWLRQV
DUH PDGH E\ WKH VWDII RI WHUULWRULDO EUDQFKHV RI 5RVK\GURPHW �8*06V� XQGHU PHWKRGRORJLFDO
JXLGDQFH SURYLGHG E\ WKH 6WDWH +\GURORJLFDO ,QVWLWXWH �6+,�� 5HVXOWV RI K\GURORJLFDO REVHUYDWLRQV RQ
ODNHV DQG UHVHUYRLUV ZHUH SXEOLVKHG LQ K\GURORJLFDO \HDUERRNV� 6LQFH ����� WKHVH \HDUERRNV KDYH
EHHQ PRVWO\ SUHSDUHG XVLQJ FRPSXWHU WHFKQRORJLHV GHYHORSHG DW 6+,� $Q HOHFWURQLF DUFKLYH RI ORQJ�
WHUP GDWD VLQFH WKH EHJLQQLQJ RI REVHUYDWLRQV KDV EHHQ HVWDEOLVKHG DQG LV SHULRGLFDOO\ XSGDWHG�
6+, PDQDJHV D GDWDEDVH ZKHUH UHVXOWV RI REVHUYDWLRQV DQG ORQJ WHUP VHULHV DUH DUFKLYHG� ,Q ����
WKH ,QWHUQDWLRQDO 'DWD &HQWUH RQ +\GURORJ\ RI /DNHV DQG 5HVHUYRLUV �+<'52/$5(� ZDV
HVWDEOLVKHG DW 6+, XQGHU WKH DXVSLFHV RI :02 DQG 5RVK\GURPHW ZKLFK KRVWV DQ LQWHUQDWLRQDO
GDWDEDVH�RQ�ODNHV�DQG�UHVHUYRLUV��7KH�ZHEVLWH�RI�WKH�FHQWUH�LV��ZZZ�K\GURODUH�QHW�
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8QLYHUVLW\�RI�7RXORXVH��)UDQFH��6WDWH�2FHDQRJUDSK\�,QVWLWXWH��6W��3HWHUVEXUJ�EUDQFK��5XVVLD

/LPQRORJLFDO�,QVWLWXWH��6LEHULDQ�%UDQFK�RI�5XVVLDQ�$FDGHP\�RI�6FLHQFHV��,UNXWVN��5XVVLD�

&156��/(*26��7RXORXVH��)UDQFH

/LPQRORJ\�,QVWLWXWH�RI�WKH�5XVVLDQ�$FDGHP\�RI�6FLHQFHV��6W��3HWHUVEXUJ��5XVVLD

*UHDW�%DLNDO�7UDLO�%XU\DWL\D��8ODQ�8GH��5XVVLD
�
.(<:25'6��,&(�$1'�612:�&29(5��5(027(�6(16,1*��/$.(6�$1'�,17(51$/�6($6

:H SUHVHQW VWXGLHV RI LFH DQG VQRZ FRYHU RI FRQWLQHQWDO ZDWHU ERGLHV XVLQJ WKH V\QHUJ\ RI PRUH
WKDQ �� \HDUV�ORQJ VLPXOWDQHRXV DFWLYH �UDGDU DOWLPHWHU� DQG SDVVLYH �UDGLRPHWHU� REVHUYDWLRQV
IURP UDGDU DOWLPHWULF VDWHOOLWHV �723(;�3RVHLGRQ� -DVRQ��� (19,6$7 DQG *HRVDW )ROORZ�2Q�
FRPSOHPHQWHG E\ 660�, SDVVLYH PLFURZDYH GDWD� )LYH ODUJHVW (XUDVLDQ FRQWLQHQWDO ZDWHU ERGLHV �
%DLNDO� /DGRJD DQG 2QHJD ODNHV DQG &DVSLDQ DQG $UDO VHDV DUH VHOHFWHG DV H[DPSOHV� $Q LFH
GLVFULPLQDWLRQ DSSURDFK EDVHG RQ D FRPELQHG XVH RI WKH GDWD LV SUHVHQWHG� DV ZHOO DV YDOLGDWLRQ RI
WKLV DSSURDFK XVLQJ LQ VLWX DQG LQGHSHQGHQW VDWHOOLWH GDWD LQ WKH YLVLEOH UDQJH� :H WKHQ DQDO\VH WKH
ORQJ�WHUP HYROXWLRQ RI LFH FRQGLWLRQV IRU WKH ODNHV DQG LQODQG VHDV XVLQJ KLVWRULFDO GDWD DQG UHFHQW
VDWHOOLWH REVHUYDWLRQV� :H DOVR SUHVHQW RXU UHVXOWV RI WKH ILHOG VWXGLHV RQ WKH ODNHV /DGRJD DQG
%DLNDO� :H DGGUHVV WKH IRUPDWLRQ RI JLDQW ULQJV RQ %DLNDO /DNH LFH� :H SUHVHQW REVHUYDWLRQ RI WKH
IRUPDWLRQ� GHYHORSPHQW DQG GLVDSSHDUDQFH RI WKHVH ULQJV XVLQJ YDULRXV VDWHOOLWH GDWD� WKH WLPLQJ RI
DQG GXUDWLRQ RI WKHLU H[LVWHQFH� DV ZHOO DV LFH FRYHU DQG ZDWHU VWUXFWXUH EHIRUH DQG GXULQJ WKH
DSSHDUDQFH RI ULQJV� 7KLV UHVHDUFK KDV EHHQ GRQH LQ WKH IUDPHZRUN RI WKH 5XVVLDQ�)UHQFK
FRRSHUDWLRQ *'5, �&$5�:(7�6,%�� &1(6 726&$ $2� $15 �&/$66,48(�� &156�5XVVLD
�)UDQFR�6LEHULDQ &HQWHU IRU 5HVHDUFK DQG (GXFDWLRQ� DQG 3,&6 %$/$/$,.$� (6$ 3URSRVDO
&�3��������5XVVLDQ�)=3�����DQG�(8�)3���021$5&+�$��SURMHFWV�
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6WDWH�+\GURORJLFDO�LQVWLWXWH��6W��3HWHUVEXUJ��5XVVLDQ�)HGHUDWLRQ
�
.(<:25'6��+<'52/2*<��/$.(6�$1'�5(6(592,56�/$1'�2%6(59$7,216��,17(51$7,21$/�'$7$�%$6(

7KH ,QWHUQDWLRQDO 'DWD &HQWUH RQ +\GURORJ\ RI /DNHV DQG 5HVHUYRLUV �+<'52/$5(� ZDV
HVWDEOLVKHG DW WKH 6WDWH +\GURORJLFDO ,QVWLWXWH �6W�3HWHUVEXUJ� 5XVVLDQ )HGHUDWLRQ� LQ DFFRUGDQFH
ZLWK WKH DJUHHPHQW EHWZHHQ :02 DQG 5RVK\GURPHW� ,W KDV EHHQ RSHUDWLQJ VLQFH ����������� 7KH
PDLQ REMHFWLYHV RI WKH &HQWUH DUH WR FROOHFW GDWD RQ K\GURORJ\ RI ODNHV DQG UHVHUYRLUV� WR FRQWULEXWH
WR VSUHDGLQJ DQG H[FKDQJH RI LQIRUPDWLRQ RQ K\GURORJLFDO UHJLPH RI ODNHV DQG UHVHUYRLUV RQ D
JOREDO VFDOH� WR DVVLVW :02 PHPEHUV LQ UHDOL]DWLRQ RI LQWHUQDWLRQDO SURMHFWV XVLQJ GDWD RQ ODNHV
DQG UHVHUYRLUV RI WKH ZRUOG� 7KH +<'52/$5( GDWDEDVH FRQWDLQV ORQJ WHUP VHULHV RI ZDWHU OHYHO�
ZDWHU WHPSHUDWXUH DQG LFH WKLFNQHVV GDWD IRU ODNHV DQG UHVHUYRLUV RI 5XVVLD DQG )RUPHU 6RYLHW
8QLRQ UHSXEOLFV� $XVWUDOLD� )LQODQG� 6ZHGHQ� 6ZLW]HUODQG 6ORYHQLD� 86$ DQG RWKHUV :02
PHPEHUV� +<'52/$5( ZHEVLWH LV PDQDJHG DQG FRQVWDQWO\ XSGDWHG� $ WHFKQRORJ\ IRU GLVSOD\LQJ
LQIRUPDWLRQ DERXW GDWDEDVH FRQWHQW XVLQJ *RRJOH PDSV ZDV SXW LQWR RSHUDWLRQ� ,Q FRRSHUDWLRQ ZLWK
/HJRV�&1(6 �)UDQFH�� D GLUHFW DFFHVV IURP +<'52/$5( WR +\GURZHE ZHEVLWH WR REWDLQ VDWHOOLWH
ODNH OHYHO GDWD �IRU ODNHV DYDLODEOH LQ ERWK GDWDEDVHV� DQG YLFH YHUVD ZDV PDGH DYDLODEOH� $Q
LQWHUQDWLRQDO WZR�GD\ ZRUNVKRS RQ K\GURORJLFDO PRQLWRULQJ RI ODNHV DQG UHVHUYRLUV ZLOO EH RUJDQL]HG
MRLQWO\ E\ :02 DQG +<'52/$5( XQGHU WKH XPEUHOOD RI WKH )LIWHHQWK :RUOG /DNH &RQIHUHQFH
�3HUXJLD� ,WDO\� ��� 6HSWHPEHU ������ 7KH UHSRUW SURYLGHV WKH GHWDLOHG LQIRUPDWLRQ DERXW
+<'52/$5(�DFWLYLWLHV�
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8QLYHUVLGDGH�)HGHUDO�GH�0LQDV�*HUDLV��%UD]LO

8QLYHUVLGDGH�)HGHUDO�GH�0LQDV�*HUDLV��%UD]LO
�
.(<:25'6��6$7(//,7(�$/7,0(75<��:$7(5�92/80(��5(6(592,5

6DWHOOLWH DOWLPHWU\ LV D ZHOO�NQRZQ WHFKQLTXH IRU PHDVXULQJ RFHDQ OHYHO YDULDWLRQ� 7KH DYDLODELOLW\ RI
GDWD KDV IRVWHUHG WKH GHYHORSPHQW RI DSSOLFDWLRQV WR PRQLWRU FRQWLQHQWDO ZDWHUV VXFK DV ULYHUV DQG
ODNHV� 7KH 7UrV 0DULDV 5HVHUYRLU LV ORFDWHG ZLWKLQ WKH 6mR )UDQFLVFR ULYHU EDVLQ� D VWUDWHJLF
QDWLRQDO EDVLQ DQG LPSRUWDQW HQHUJ\ JHQHUDWLRQ VRXUFH� 0RQLWRULQJ YROXPH YDULDWLRQV RI WKH
UHVHUYRLU LV LPSRUWDQW IRU WKH GHFLVLRQ PDNLQJ SURFHVV UHJDUGLQJ WKH FORVLQJ DQG RSHQLQJ RI
IORRGJDWHV WR UHJXODWH WKH ZDWHU IORZ WR WKH VHPL�DULG UHJLRQV RI %UD]LO� 7KLV VWXG\ SUHVHQWV D
PHWKRG WR FRPELQH VDWHOOLWH DOWLPHWU\ DQG LPDJHU\ RI WKH ODNH¶V VXUIDFH WR HVWLPDWH YROXPH FKDQJHV
DQG FUHDWH D PRGHO IURP ZKLFK YROXPH FKDQJHV FRXOG EH FRPSXWHG IURP HLWKHU WKH DOWLPHWU\ RU WKH
ODNH¶V VXUIDFH DUHD� 2XU SXUSRVH LV WR HYDOXDWH WKH PHWKRG DQG LWV SUHFLVLRQ� DQG WKH SRVVLELOLW\ WR
DSSO\ LW LQ RWKHU DUHDV� VXFK DV ZHWODQGV DQG RWKHU ODNHV ZKHUH LQ VLWX PHDVXUHPHQWV DUH QRW
DYDLODEOH� 0RUHRYHU� GDWD RI PRQLWRULQJ VWDWLRQV XVXDOO\ KDYH DQ DUELWUDU\ DOWLWXGH UHIHUHQFH DQG DUH
QRW DYDLODEOH IRU WKH JHQHUDO SXEOLF� WKH GDWD IURP WKH VDWHOOLWH DOWLPHWU\ KDV WKH DGYDQWDJH RI EHLQJ
RI JOREDO UHIHUHQFH �JHRLG� DQG EHLQJ FRPSDWLEOH ZLWK WKH HVWDEOLVKPHQW RI D ZRUOGZLGH ODNH DQG
UHVHUYRLU GDWDEDVH� :H FRPELQHG (QYLVDW DQG 6$5$/�$OWLND DOWLPHWU\ GDWD ZLWK /DQGVDW LPDJHU\ WR
FRYHU WKH ��������� SHULRG� 7KH GDWD ZDV FRUUHFWHG XVLQJ D QRYHO SURFHVVLQJ WHFKQLTXH UHVXOWLQJ
LQ D UHODWLYH SUHFLVLRQ RI ���� P �506(�� 7KH WRWDO YROXPH FKDQJH EHWZHHQ ���� �ORZ OHYHO� DQG
������KLJKHVW�OHYHO��ZDV��������NP��
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6WDWH�+\GURORJLFDO�,QVWLWXWH��5XVVLD

6WDWH�+\GURORJLFDO�,QVWLWXWH��5XVVLD

7KH 6WDWH +\GURORJLFDO ,QVWLWXWH �6+,� PDLQWDLQV WKH ,QWHUQDWLRQDO 'DWD &HQWUH RQ +\GURORJ\ RI
/DNHV DQG 5HVHUYRLUV �+<'52/$5(� HVWDEOLVKHG XQGHU WKH DXVSLFHV RI :02 DQG 5RVK\GURPHW�
7KH NH\ IXQFWLRQ RI +<'52/$5( LV PDQDJLQJ WKH GDWDEDVH RQ ODNH K\GURORJ\� 7KH FRQFHSW RI WKH
+<'52/$5( GDWDEDVH HQYLVDJHV FROOHFWLRQ� VWRUDJH DQG SURYLVLRQ RI PDLQ FKDUDFWHULVWLFV RI ODNHV
DQG UHVHUYRLUV K\GURORJLFDO UHJLPH IRU WKH SHULRG VLQFH WKH EHJLQQLQJ RI WKH REVHUYDWLRQV XQWLO SDVW
\HDU� 7KHVH LQFOXGH PHDQ PRQWKO\ ZDWHU OHYHOV� PHDQ PRQWKO\ DQG PD[LPXP DQQXDO ZDWHU
WHPSHUDWXUH� PD[LPXP DQQXDO LFH FRYHU WKLFNQHVV DW VWDWLRQV DV ZHOO DV PHDQ PRQWKO\ ZDWHU OHYHOV
DQG ZDWHU OHYHOV DW WKH ILUVW GDWH RI HDFK PRQWK DYHUDJHG IRU ZDWHU ERG\� $W SUHVHQW WKH GDWDEDVH
FRQWDLQV D UDQJH RI ODNHV DQG UHVHUYRLUV OHYHO GDWD IRU �� FRXQWULHV ���� VWDWLRQV DQG ��� ZDWHU
ERGLHV�� 0RVW RI WKH GDWD FRPH IURP 5XVVLD DQG �� IRUPHU 8665 VWDWHV� 7KLV GDWDVHW LQFOXGHV ���
VWDWLRQV DW ��� ZDWHU ERGLHV RI 5XVVLD DQG ��� VWDWLRQV DW ��� ZDWHU ERGLHV RI WKH IRUPHU 8665
VWDWHV� 7KH UHVW FRPSULVHV GDWD IRU )LQODQG ��� VWDWLRQV DW �� ODNHV ZLWK VXUIDFH DUHD PRUH WKDQ
��� VT NP�� 6ZLW]HUODQG ��� VWDWLRQV DW �� ZDWHU ERGLHV�� &\SUXV ��� UHVHUYRLUV� DQG WKH 8QLWHG
6WDWHV RI $PHULFD �WKH ILYH *UHDW /DNHV�� ,QIRUPDWLRQ DERXW FXUUHQW FRQWHQW RI WKH GDWDEDVH LV
DYDLODEOH DW� ZZZ�K\GURODUH�QHW� ,Q WKH QHDU IXWXUH WKH GDWDEDVH ZLOO EH XSGDWHG E\ ODNH GDWD IRU
6ZHGHQ� 6ORYHQLD� 0H[LFR� WKH 8QLWHG 6WDWHV RI $PHULFD �WKH 0LVVLVVLSSL EDVLQ�� $XVWUDOLD�
.\UJ\]VWDQ DQG VRPH UHJLRQV RI 5XVVLD� ,W LV DOVR SODQQHG WR DGG GDWD RQ ZDWHU WHPSHUDWXUH DQG
LFH WKLFNQHVV DV ZHOO DV VDWHOOLWH DOWLPHWU\ OHYHOV RI WKH ZRUOG ODNHV REWDLQHG E\ /(*26�&1(6
�)UDQFH��
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$UPVWDWHK\GURPHW��$UPHQLD

�

�
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�
.(<:25'6��021,725,1*�1(7:25.��:$7(5�%$/$1&(��5812))��35(&,3,7$7,21��(9$325$7,21

7KLV DUWLFOH GLVFXVVHV WKH PRQLWRULQJ RI WKH PDLQ HOHPHQWV RI WKH ZDWHU EDODQFH RI /DNH 6HYDQ
�UXQRII� SUHFLSLWDWLRQ� HYDSRUDWLRQ�� DQG WKH ZDWHU EDODQFH FDOFXODWLRQ PHWKRGRORJLHV DUH SURSRVHG
EDVHG RQ WKH REVHUYDWLRQDO GDWD� /DNH 6HYDQ LV WKH VHFRQG ODUJHVW IUHVK�ZDWHU PRXQWDLQ ODNH LQ
WKH ZRUOG� ,W LV ORFDWHG DW WKH DOWLWXGH RI ���� P DERYH VHD OHYHO� 7KHUH LV D SHUPDQHQW K\GUR�
PHWHRURORJLFDO PRQLWRULQJ RI ERWK /DNH 6HYDQ DQG LWV EDVLQ� 7KH PDLQ HOHPHQWV XVHG LQ WKH
HVWLPDWLRQ RI ZDWHU EDODQFH DUH REVHUYHG� 7KH PHDVXUHPHQWV LQFOXGH QRW RQO\ WKH QDWXUDO RXWIORZ�
EXW DOVR HOHPHQWV RI DUWLILFLDO RXWIORZ IURP WKH ODNH� VXFK DV PDQDJHG UHOHDVH WR WKH +UD]GDQ
ULYHU� DV ZHOO DV WKH DUWLILFLDO LQFUHDVHV RI WKH ODNH OHYHO� GXH WR WUDQVSRUWDWLRQ RI ZDWHU UHVRXUFHV
IURP WKH QHLJKERULQJ ULYHU EDVLQ E\ $USD�6HYDQ WXQQHO� 0HDVXUHG DQG FDOFXODWHG YDOXHV JLYH XV
RSSRUWXQLW\ IRU FDOFXODWLQJ ZDWHU HFRQRPLF EDODQFH LQ PRQWKO\ DQG DQQXDO EDVLV� ,W LV VXJJHVWHG
WKDW WKH RSWLPL]DWLRQ RI WKH VFLHQWLILF PHWKRGRORJLHV DQG K\GUR�PHWHRURORJLFDO PRQLWRULQJ RI 6HYDQ
ODNH EDVLQ ZRXOG OHDG WR WKH LPSURYHPHQW LQ DFFXUDF\ RI HVWLPDWLRQ RI /DNH 6HYDQ ZDWHU EDODQFH
FRPSRQHQWV�
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$]HUEDLMDQ�1DWLRQDO�$FDGHP\�RI�6FLHQFH��,QVWLWXWH�RI�*HRJUDSK\��$]HUEDLMDQ
�
.(<:25'6��&$63,$1�6($�$/7,0(75<

7KH &DVSLDQ 6HD LV WKH ODUJHVW ODNH LQ WKH ZRUOG� 6HD OHYHO IOXFWXDWLRQV DUH DPRQJ WKH PRVW
RXWVWDQGLQJ LVVXHV RI WKH &DVSLDQ 6HD� 7KHVH FKDQJHV FRQWULEXWH WR DFWLYH GHEDWHV DPRQJ
VFLHQWLVWV� $OWKRXJK WKH QHWZRUN RI VHD OHYHO VWDWLRQV FRYHUV WKH FRDVWV RI DOO WKUHH UHJLRQV RI WKH
VHD� WKH\ DUH QRW FDSDEOH WR UHIOHFW WKH VHD OHYHO YDULDWLRQV RYHU WKH DOO VXUIDFH� 7KH &DVSLDQ 6HD LV
ZHOO REVHUYHG E\ 723(;�3RVHLGRQ� -DVRQ��� *)2 DQG (19,6$7 VDWHOOLWH DOWLPHWHUV� 7KH
WHFKQLTXH RI VDWHOOLWH DOWLPHWU\ GHPRQVWUDWHV D JUHDW SRWHQWLDO LQ VWXG\ RI WKH VHD OHYHO YDULDELOLW\�
7KHUHIRUH� LW FDQ EH PHDVXUHG RYHU WKH ZKROH EDVLQ� 7KLV UHVHDUFK LOOXVWUDWHV WKH FRPSDUDWLYH
DQDO\VLV RI VHD OHYHO IOXFWXDWLRQV LQ WKH &DVSLDQ 6HD EDVHG RQ VDWHOOLWH DOWLPHWU\ DQG LQ VLWX GDWD
IURP PRUH WKDQ �� VWDWLRQV IURP ���� WR ����� ,QYHVWLJDWLRQ ZDV FDUULHG RXW WKURXJKRXW WKH
1RUWKHUQ� 0LGGOH DQG 6RXWKHUQ &DVSLDQ UHJLRQV� 7KH FRPSDUDWLYH DQDO\VLV RI DYHUDJH \HDUO\ VHD
OHYHO RI WKH &DVSLDQ 6HD ZLWK VDWHOOLWH DOWLPHWU\ GDWD UHYHDOHG WKDW WKH 0LGGOH &DVSLDQ H[KLELWV
KLJKHU�FRHIILFLHQWV�RI�FRUUHODWLRQ�WKDQ�DQ\�RWKHU�UHJLRQ�RI�WKH�&DVSLDQ�6HD�
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,VWLWXWH�RI�/LPQRORJ\��5XVVLDQ�$FDGHP\�RI�6FLHQFHV��5$6���5XVVLD
�
.(<:25'6��,1)250$7,21�6<67(06��:(%�7(&+12/2*,(6��/$.(6�2)�7+(�($57+

7KUHH LQIRUPDWLRQ V\VWHPV �,6� ³/DGRJD /DNH´� ³/DNHV RI WKH (DUWK´ DQG ³/DNHV RI 5XVVLD´ KDYH
EHHQ GHYHORSHG LQ WKH /LPQRORJ\ ,QVWLWXWH RI 5XVVLDQ $FDGHP\ RI 6FLHQFHVRQ WKH EDVLV RI :(%�
WHFKQRORJLHV ZLWK D YLHZ WR SURYLGLQJ LQIRUPDWLRQ UHVRXUFHV IRU JHRJUDSKLFDO VFLHQFHV� 7KHVH
V\VWHPV ZHUH FUHDWHG LQ WKH IRUP RI GRPDLQ�GULYHQ GDWDZDUH ZLWK XVLQJ RI PRGHUQ PHDQV RI
DXWRPDWHG SURFHVVLQJ� LQFOXGLQJ WKH DQDO\VLV DQG YLVXDOL]DWLRQ RI GDWD� ,6 ³/DGRJD /DNH´ FRQWDLQV
WKH UHVXOWV RI FRPSUHKHQVLYH PRQLWRULQJ RI /DGRJDLQFOXGLQJ LWV K\GURSK\VLFDO� K\GURFKHPLFDO DQG
K\GURELRORJLFDO SDUDPHWHUV� &RUUHVSRQGLQJ GDWD VHWV ZHUH REWDLQHG DW WKH ,QVWLWXWH RI /LPQRORJ\
DQG UHODWHG LQVWLWXWHV� ,6 ³/DNHV RI WKH (DUWK´ DQG ³/DNHV RI 5XVVLD´ SURYLGHV LQIRUPDWLRQ RQ WKH
PRVW LPSRUWDQW ZDWHU ERGLHV ZKLFK LV EDVHG PDLQO\ RQ OLWHUDWXUH GDWD� 7KH\ FRQWDLQ ERWK IRUPDOL]HG
LQIRUPDWLRQ VWRUHG LQ GDWDEDVHV �DYDLODEOH XSRQ UHTXHVW�� DQG SOHQW\ RI WH[W� FKDUWV DQG JUDSKV� ,Q
���� ,6 �/DNHV RI 5XVVLD� KDV EHHQ PRGHUQL]HG � D QHZ LQIRUPDWLRQ VWRUDJH XQLW IRU VXPPDUL]LQJ
LQIRUPDWLRQ RQ ODNH UHVRXUFHV RI 5XVVLDQ )HGHUDWLRQ KDV EHHQ FUHDWHG� 7KLV LQIRUPDWLRQ LV WKH
UHVXOW RI WKH SUHVHQW DFWLYLW\ RI WKH /LPQRORJ\ ,QVWLWXWH� LW FRQWDLQV� GDWD RQ QXPEHU RI ODNHV� WKH
WRWDO DUHDV RI ODNHV� ODNHV UHVRXUFHV �YROXPHV RI ZDWHU� E\ 5) DGPLQLVWUDWLYH XQLWV �VXEMHFWV�� ,W
FRQWDLQV D JHQHUDO GHVFULSWLRQ RI WKH VXEMHFWV RI 5) DQG GDWD RQ WKHLU FOLPDWH DQG K\GURJUDSK\ WRR�
7KH GHYHORSHG VRIWZDUH DOORZV \RX WR VHDUFK DQG SURFHVV LQIRUPDWLRQ RQ ODNH UHVRXUFHV RI WKH 5)
VXEMHFWV DQG PRUHRYHU VRIWZDUH SURYLGHV DQ RSSRUWXQLW\ WR FRQGXFW D FRPSDUDWLYH LQWHUUHJLRQDO
DQDO\VLV�
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)LQQLVK�(QYLURQPHQW�,QVWLWXWH��)LQODQG
�
.(<:25'6��/$.(�6$,0$$��+<'52/2*,&$/�021,725,1��,&(�7+,&.1(66

+\GURORJLFDO PRQLWRULQJ RI /DNH 6DLPDD� WKH ODUJHVW ODNH LQ )LQODQG (VNR .XXVLVWR )LQQLVK
(QYLURQPHQW ,QVWLWXWH �6<.(� +HOVLQNL� )LQODQG /DNH 6DLPDD LV FKDUDFWHUL]HG E\ D YHU\ FRPSOH[
PRUSKRPHWU\� 7KHUH DUH RYHU IRUW\ ODNHV LQ WKH ZRUOG ODUJHU WKDQ /DNH 6DLPDD ����� NP��� EXW DV
WR WKH QXPHURVLW\ RI LVODQGV ������� DQG WKH OHQJWK RI WKH VKRUHOLQH ������ NP� /DNH 6DLPDD LV
QXPEHU RQH LQ WKH ZRUOG� 7KH ZDWHU OHYHO RI /DNH 6DLPDD KDV EHHQ PRQLWRUHG VLQFH ���� DQG DQ
RXWIORZ VHULHV FDQ EH FRQVWUXFWHG UDWKHU UHOLDEO\ IURP WKDW \HDU XQWLO WRGD\� )UHH]LQJ DQG EUHDNXS
GDWHV DUH DYDLODEOH IURP VHYHUDO REVHUYDWLRQ VLWHV VLQFH WKH ODWH ��WK FHQWXU\� ,FH WKLFNQHVV KDV
EHHQ REVHUYHG VLQFH ����� VXUIDFH ZDWHU WHPSHUDWXUH VLQFH ����� ,Q DGGLWLRQ� WKHUH DUH VKRUWHU
REVHUYDWLRQ VHULHV RQ ZDWHU WHPSHUDWXUH SURILOHV DQG VSHFLDO PHDVXUHPHQWV RQ FXUUHQW YHORFLWLHV
DQG GLUHFWLRQV� 7KH EHKDYLRXU RI VKRUH LFH DQG VQRZ DFFXPXODWLRQ QHDU WKH VKRUHV KDYH EHHQ
PRQLWRUHG IRU WKH SURWHFWLRQ RI 6DLPDD ULQJHG VHDO� WKH EHVW�NQRZQ HQGDQJHUHG VSHFLHV LQ )LQODQG�
+RZ ZHOO GR REVHUYDWLRQV DW D VLQJOH VLWH UHSUHVHQW WKH W\SLFDO FRQGLWLRQV RI /DNH 6DLPDD" 7KLV LV
GLVFXVVHG E\ FRPSDULQJ GDWD RI WKH VDPH YDULDEOH IURP GLIIHUHQW SDUWV RI WKH ODNH� )RU PRVW
YDULDEOHV LW LV REYLRXV WKDW SRLQW GDWD DUH RQO\ LQGLFHV ± WKH PRUSKRORJ\ RI WKH ODNH LV MXVW WRR
FRPSOH[�
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8QLYHUVLW\�RI�1RUWK�&DUROLQD��86$
�
.(<:25'6��5(027(�6(16,1*��:$7(5�6725$*(��*/2%$/

*OREDOO\� WKHUH DUH VHYHUDO PLOOLRQ ODNHV ODUJHU WKDQ RQH KHFWDUH� 9DULDWLRQ LQ WKH VWRUDJH RI ZDWHU
UHPDLQV XQREVHUYHG ZLWKLQ QHDUO\ DOO RI WKHVH ODNHV� ,Q VLWX JDXJH QHWZRUNV� ZKLFK PHDVXUH ZDWHU
VXUIDFH HOHYDWLRQ UDWKHU WKDQ WRWDO VWRUDJH� DUH OLPLWHG WR D WLQ\ IUDFWLRQ RI JOREDO ODNHV� 5HPRWH
VHQVLQJ WHFKQLTXHV XVLQJ DOWLPHWHUV WR PHDVXUH ZDWHU VXUIDFH HOHYDWLRQ DQG LPDJLQJ VHQVRUV WR
PHDVXUH LQXQGDWHG DUHD FDQ PHDVXUH VWRUDJH FKDQJH� EXW WKH\ DUH OLPLWHG E\ WKH ZLGH VSDFLQJ
DQG FRDUVH UHVROXWLRQ RI QDGLU DOWLPHWHU JURXQG WUDFNV� 7KH 1$6$�&1(6 6XUIDFH :DWHU DQG
2FHDQ 7RSRJUDSK\ �6:27� 0LVVLRQ� SODQQHG IRU ODXQFK LQ ����� ZLOO VXEVWDQWLDOO\ DOWHU RXU DELOLW\
WR REVHUYH ODNH VWRUDJH YDULDWLRQV� ,W ZLOO PHDVXUH ZDWHU VXUIDFH HOHYDWLRQ DQG LQXQGDWHG DUHD RYHU
D a��� NP ZLGH VZDWK� 8VLQJ WKHVH PHDVXUHPHQWV� 6:27 LV UHTXLUHG WR PHDVXUH ODNHV DV VPDOO
DV ���� P��� ZLWK D JRDO RI PHDVXULQJ ODNHV DV VPDOO DV ���� P��� 7KH 6:27 RUELW UHSHDW ZLOO EH
�� GD\V� EXW EHFDXVH FRYHUDJH RI WKH PHDVXUHPHQW VZDWK RYHUODSV� PDQ\ LQGLYLGXDO ODNHV ZLOO EH
REVHUYHG ��� WLPHV GXULQJ HDFK RUELW UHSHDW SHULRG� 8VLQJ WKHVH QHZ PHDVXUHPHQW FDSDELOLWLHV� LW
ZLOO EH SRVVLEOH IRU WKH ILUVW WLPH WR REVHUYDWLRQDOO\ TXDQWLI\ WKH UROH RI ODNHV LQ UHJLRQDO DQG JOREDO
ZDWHU EDODQFHV� 0RUHRYHU� EHFDXVH ODNHV SURYLGH LPSRUWDQW OLQNV EHWZHHQ WKH DWPRVSKHULF DQG
WHUUHVWULDO ZDWHU F\FOHV� 6:27 REVHUYDWLRQV FDQ EH XVHG WR GHWHFW YDULDEOH LQWHUDFWLRQV EHWZHHQ
VXUIDFH ZDWHU DQG JURXQGZDWHU� )LQDOO\� LW ZLOO EH SRVVLEOH WR TXDQWLI\ WKH PDQDJHPHQW RI DUWLILFLDO
ODNHV�DQG�UHVHUYRLUV��DOORZLQJ�LPSURYHG�TXDQWLILFDWLRQ�RI�KXPDQ�ZDWHU�XVH��

35(6(17$7,21�7<3(��25$/

���

��WK�:RUOG�/DNH�&RQIHUHQFH�������6HSWHPEHU�������3HUXJLD��,WDO\



06�����6�6SHFLDO�6HVVLRQ���+\GURORJLFDO�PRQLWRULQJ�RI�WKH�ZRUOGV�ODUJH�ODNHV�DQG�UHVHUYRLUV

8QLYHUVLW\�RI�'XQGHH��6FRWODQG��8.

8QLYHUVLW\�RI�'XQGHH��6FRWODQG��8.

8QLYHUVLW\�RI�'XQGHH��6FRWODQG��8.
�
.(<:25'6��*/2%$/��/$.(��+<'52/2*<

/DNHV UHVSRQG WR PXOWLSOH H[RJHQRXV DQG HQGRJHQRXV GULYHUV RI FKDQJH� LQFOXGLQJ
DQWKURSRJHQLFDOO\ GULYHQ VWUHVVRUV VXFK DV FOLPDWH DQG ODQG XVH FKDQJH� 8QGHUVWDQGLQJ WKH
SURYHQDQFH DQG WHPSRUDOLW\ RI WKHVH GULYHUV LV WKHUHIRUH YLWDO WR XQGHUVWDQG ODNH EHKDYLRXU DQG
WKHLU VHQVLWLYLW\ DV VHQWLQHOV RU UHJXODWRUV RI FOLPDWH FKDQJH� 2QH RI WKH PDLQ DLPV RI *ORER/DNHV
SURMHFW� D JOREDO REVHUYDWRU\ RI F� ����� RI WKH ZRUOG¶V ODUJHVW ODNHV UHVSRQVHV WR HQYLURQPHQWDO
FKDQJH� LV WR XWLOL]H H[LVWLQJ JOREDO GDWDVHWV RI LQGLFDWRUV WR GHWHUPLQH FKDQJH ZLWKLQ WKH ODNH
FDWFKPHQWV �H�J� SUHFLSLWDWLRQ� ODQG XVH DQG SRSXODWLRQ GHQVLW\� DQG FKDUDFWHULVH WKH FRPSOH[
HFRORJLFDO SURFHVVHV WKDW KDYH WDNHQ SODFH ZLWKLQ DQG DURXQG WKH ODNHV RYHU WKH ODVW � GHFDGHV�
7KH HYHQWXDO FRPSLODWLRQ RI UREXVW WLPH�VHULHV IRU WKH FRPSDUDWLYH DQDO\VLV RI SDWWHUQV DQG UDWHV RI
FKDQJH OLQNLQJ WR V\VWHP VHQVLWLYLWLHV ZLOO DOORZ LQWHUSUHWDWLRQ DQG DWWULEXWLRQ RI FDXVHV RI ODNH
FKDQJH IRU DOO ����� ODNHV� DQG H[SODLQ YDULDELOLW\ LQ ODNH UHVSRQVH WR HQYLURQPHQWDO FKDQJH DFURVV
VFDOHV QHYHU EHIRUH VWXGLHG� +RZHYHU� WKH SDXFLW\ RI JOREDO WLPH VHULHV RI UXQRII� VHGLPHQW DQG
QXWULHQW IOX[HV� ZKLFK DUH FRQVLGHUHG PDMRU LQGLFDWRUV RI ODNH ZDWHU TXDOLW\ FKDQJH� OHDGV WR WKH
LQYHVWLJDWLRQ IRU WHFKQLTXHV WKDW FDQ H[SORLW H[LVWLQJ JOREDO GDWDVHWV WR PRGHO WKHVH YDULDEOHV LQ
ODUJH ODNH FDWFKPHQWV� DQG DQ H[DPSOH LV SUHVHQWHG KHUH� 7KH SRWHQWLDO RI WKH /DNH� 8SODQGV�
:HWODQGV ,QWHJUDWRU �/8:,� K\GURORJLFDO PRGHO LV H[SORUHG XVLQJ D ULFK GDWDVHW RI ILHOG GDWD IURP
ODNHV LQ 4XHEHF DQG LWV WUDQVIHUDELOLW\ WR RWKHU VLWHV DURXQG WKH JOREH LV DVVHVVHG XVLQJ WKH
*ORER/DNHV�GDWDEDVH�
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8QLYHUVLW\�RI�7VXNXED��-DSDQ

8QLYHUVLW\�RI�7VXNXED��-DSDQ

8QLYHUVLW\�RI�7VXNXED��-DSDQ

%HLMLQJ�1RUPDO�8QLYHUVLW\��&KLQD

%UDLQ&KLOG�,QF���&KLQD

8QLYHUVLW\�RI�7VXNXED��-DSDQ
�
.(<:25'6��6$7(//,7(�5(027(�6(16,1*��/$.(�:$7(5�(19,5210(17��0$&523+<7(

7KH H[DPSOHV RI HVWLPDWLQJ WKH ZDWHU TXDOLW\ �FRQFHQWUDWLRQV RI FKORURSK\OO D� WULSWRQ� DQG FRORUHG
GLVVROYHG RUJDQLF PDWWHU� 6HFFKL GHSWK� GLIIXVH DWWHQXDWLRQ FRHIILFLHQWV� LQKHUHQW RSWLFDO SURSHUWLHV
HWF��� ELRORJLFDO DFWLYLWLHV �SULPDU\ SURGXFWLYLW\� HWF��� DQG GLVWULEXWLRQV RI DOJDO EORRP DQG
PDFURSK\WHV �VXEPHUJHG� IORDWLQJ� DQG HPHUJHQW SODQWV� XVLQJ VDWHOOLWH LPDJHV �0(5,6�(QYLVDW�
02',6�7HUUD RU $TXD� 70 RU (70�/DQGVDW HWF�� DUH LQWURGXFHG IRU WKH ZDWHU HQYLURQPHQW LQ (DVW
$VLDQ ODNHV ZKHUH WXUELG ZDWHU FRQGLWLRQV DUH UDWKHU SRSXODU� 7KH LPSRUWDQFH RI SURSHU
DWPRVSKHULF FRUUHFWLRQ DOJRULWKP� GDWDEDVH RQ VSHFLILF LQKHUHQW RSWLFDO SURSHUWLHV� DQG JHQHULF
SURFHGXUH IRU WKH VHSDUDWLRQ RI ODNH VXUIDFH LQWR ZDWHU� DOJDO PDW� DQG PDFURSK\WHV LV DGGUHVVHG LQ
WKH FRQWH[W RI OHVV ILHOG YDOLGDWLRQ FDPSDLJQ� 0DSSLQJ RI KXPDQ IRRWSULQW LQ ODNH ZDWHUVKHGV H�J�
IDUP ODQG� LPSHUYLRXV VXUIDFH DUHD� HWF� LV DOVR H[HPSOLILHG LQ -DSDQ DQG (DVW $VLDQ FRXQWULHV WR
HYDOXDWH WKH EDVLQ FKDQJH LQIOXHQFHV RQ ODNH DTXDWLF HQYLURQPHQW DQG HFRV\VWHPV� /DVW�
SRVVLELOLWLHV DQG IXWXUH FKDOOHQJHV RI VDWHOOLWH UHPRWH VHQVLQJ DUH GLVFXVVHG LQ RUGHU WR DSSO\ LW IRU
UHJXODU�ZRUOG�ZLGH�VXUYHLOODQFH�RI�ODNH�HQYLURQPHQW�
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%DODWRQ�/LPQRORJLFDO�,QVWLWXWH��&HQWUH�IRU�(FRORJLFDO�5HVHDUFK��+XQJDULDQ�$FDGHP\�RI�6FLHQFHV��+XQJDU\�
&HQWUH�IRU�/DQGVFDSH�DQG�&OLPDWH�5HVHDUFK��8QLYHUVLW\�RI�/HLFHVWHU��8.

%URFNPDQQ�&RQVXOW��*HUPDQ\

%LRORJLFDO�DQG�(QYLURQPHQWDO�6FLHQFHV��6FKRRO�RI�1DWXUDO�6FLHQFHV��8QLYHUVLW\�RI�6WLUOLQJ��8.

%URFNPDQQ�&RQVXOW��*HUPDQ\

&HQWUH�IRU�/DQGVFDSH�DQG�&OLPDWH�5HVHDUFK��8QLYHUVLW\�RI�/HLFHVWHU��8.

%DODWRQ�/LPQRORJLFDO�,QVWLWXWH��&HQWUH�IRU�(FRORJLFDO�5HVHDUFK��+XQJDULDQ�$FDGHP\�RI�6FLHQFHV��+XQJDU\
�
.(<:25'6��3+<723/$1.721�3+(12/2*<��5(027(�6(16,1*��/$.(�%$/$721

3K\WRSODQNWRQ G\QDPLFV DUH LPSRUWDQW LQ LQODQG ZDWHUV GXH WR WKHLU LQIOXHQFH RQ ZDWHU TXDOLW\ DQG
HFRV\VWHP SURGXFWLYLW\� 6DWHOOLWH LPDJHU\ KDV SURYHQ SRWHQWLDO WR FRPSOHPHQW FRQYHQWLRQDO
SK\WRSODQNWRQ PRQLWRULQJ WKURXJK VSDWLDOO\� DQG WHPSRUDOO\� FRKHVLYH UHWULHYDO RI FKORURSK\OO�D �FKO�
D� FRQFHQWUDWLRQV� ,Q DGGLWLRQ WR PDSSLQJ FKO�D FRQFHQWUDWLRQV IRU D JLYHQ PRPHQW LQ WLPH� LW LV DOVR
SRVVLEOH WR GHULYH SKHQRORJ\ IHDWXUHV IURP VDWHOOLWH LPDJH WLPH VHULHV� 3KHQRORJ\ IHDWXUHV RI
LQWHUHVW LQFOXGH EORRP RQVHW� SHDN DQG HQG WLPLQJ DQG UDWHV RI RQVHW DQG GHFOLQH� ZKLFK FDQ EH
FRPSDUHG EHWZHHQ \HDUV� RYHU WKH VSDWLDO H[WHQW RI D JLYHQ ODNH� DQG EHWZHHQ ODNHV� 7KHVH
IHDWXUHV KDYH EHHQ GHPRQVWUDWHG WKURXJK ODERUDWRU\� PHVRFRVP DQG LQ VLWX GDWD WR EH VHQVLWLYH WR
HQYLURQPHQWDO DQG FOLPDWH FKDQJHV� 6KLIWV LQ WKHVH SKHQRORJ\ IHDWXUHV FDQ KDYH HIIHFWV WKDW
SURSDJDWH WKURXJKRXW WKH IRRG ZHE� 7KH XVH RI VDWHOOLWH LPDJHU\ LQ SKHQRORJLFDO DQDO\VLV KDV D
ORQJ KLVWRU\ LQ WHUUHVWULDO VHWWLQJV� VXFK DV IRUHVWU\ DQG DJULFXOWXUH� DQG KDV PRUH UHFHQWO\ EH
GHPRQVWUDWHG WR SURYLGH HQRUPRXV LQVLJKW LQWR SK\WRSODQNWRQ G\QDPLFV RI WKH SHODJLF RFHDQ� EXW
KDV QRW \HW EHHQ DGDSWHG WR ODNHV GXH WR DGGLWLRQDO FKDOOHQJHV LQ WKH UHPRWH VHQVLQJ RI FKO�D LQ
VXFK VHWWLQJV� 3RWHQWLDO HFRORJLFDO LQGLFDWRUV UHODWHG WR ODNH SKHQRORJ\ GHULYHG IURP 0(5,6
VDWHOOLWH�LPDJHU\�DUH�DGDSWHG�DQG�DSSOLHG�IRU�WKH�ILUVW�WLPH�LQ�D�IUHVKZDWHU�VHWWLQJ��/DNH�%DODWRQ�
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8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��86$

�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��86$

8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��86$

1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF�$GPLQLVWUDWLRQ��86$

8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��86$
�
.(<:25'6��&<$12%$&7(5,$��6$7(//,7(�5(027(�6(16,1*��:$7(5�48$/,7<�0$1$*(0(17

5HPRWH VHQVLQJ WHFKQRORJ\ KDV WKH SRWHQWLDO WR LQIRUP DQG DFFHOHUDWH WKH HQJDJHPHQW RI
FRPPXQLWLHV DQG PDQDJHUV LQ WKH LPSOHPHQWDWLRQ DQG SHUIRUPDQFH RI EHVW PDQDJHPHQW SUDFWLFHV�
2YHU WKH ODVW IHZ GHFDGHV� VDWHOOLWH WHFKQRORJ\ KDV DOORZHG PHDVXUHPHQWV RQ D JOREDO VFDOH RYHU
ORQJ WLPH SHULRGV� DQG LV QRZ SURYLQJ XVHIXO LQ FKDUDFWHUL]LQJ ODNHV DQG UHVHUYRLUV� ZKLFK DUH
UHOHYDQW WR ZDWHU TXDOLW\ PDQDJHUV� &RPSUHKHQVLYH ZDWHU TXDOLW\ FOLPDWH GDWD UHFRUGV KDYH WKH
SRWHQWLDO WR SURYLGH UDSLG ZDWHU TXDOLW\ DVVHVVPHQWV� WKXV SURYLGLQJ QHZ DQG HQKDQFHG GHFLVLRQ
DQDO\VLV PHWKRGRORJLHV DQG LPSURYHG WHPSRUDO�VSDWLDO GLDJQRVWLFV� )RXU PDLQ EDUULHUV ZHUH
LGHQWLILHG E\ ZDWHU TXDOLW\ PDQDJHUV WKDW LQKLELW WKH FRQVLGHUDWLRQ RI VDWHOOLWH UHPRWH VHQVLQJ GDWD�
FRVW� DFFXUDF\ RI GDWD SURGXFWV LQ WKH SDUWLFXODU ZDWHUERG\ RI LQWHUHVW� VDWHOOLWH PLVVLRQ FRQWLQXLW\�
DQG REWDLQLQJ PDQDJHPHQW DSSURYDO IRU LQFOXGLQJ VDWHOOLWH GDWD LQWR WKHLU ZRUN� ,Q WKH UHVHDUFK
SUHVHQWHG KHUH� D VWXG\ RQ WKH PRQLWRULQJ RI F\DQREDFWHULD IURP WKH (XURSHDQ 6SDFH $JHQF\¶V
0(GLXP 5HVROXWLRQ ,PDJLQJ 6SHFWURPHWHU �0(5,6� LQVWUXPHQW ZDV XVHG WR XQGHUVWDQG KRZ VRPH
RI WKHVH EDUULHUV FRXOG EH DGGUHVVHG� &\DQREDFWHULD FHOO FRXQW GDWD IURP HLJKW 8�6� VWDWHV ZHUH
GHULYHG ZLWK GDWD IURP 0(5,6� $ YDOLGDWLRQ RI VDWHOOLWH HVWLPDWHV RI FHOO FRXQWV ZDV SHUIRUPHG
XVLQJ DYDLODEOH LQ VLWX GDWD DVVHPEOHG RYHU D ���PRQWK SHULRG VSDQQLQJ ����±����� 7KH JRDO RI
WKLV SURMHFW ZDV WR YDOLGDWH D F\DQREDFWHULD DOJRULWKP DQG GHYHORS D VWDNHKROGHU WRRO ZLWK WKH
FDSDELOLW\�WR�PRQLWRU�F\DQREDFWHULD�EORRPV�QHDU�UHDO�WLPH�
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&15�,5($��,WDO\

&15�,5($��,WDO\

&15�,5($��,WDO\

$53$�/D]LR�6H]LRQH�3URYLQFLDOH�GL�5LHWL��6HUYL]LR�7HFQLFR�'LUH]LRQH�5RPD��,WDO\�
�
.(<:25'6��5(027(�6(16,1*��3+<723/$1.721��%,2�237,&$/�

7KLV VWXG\ XVHV PXOWL�VRXUFH UHPRWH VHQVLQJ LPDJHV WR LQYHVWLJDWH WKH HYROXWLRQ LQ WLPH DQG
VSDFH RI ZDWHU TXDOLW\ SDUDPHWHUV RI /DNH 7UDVLPHQR� D VKDOORZ DQG WXUELG ODNH LQ FHQWUDO ,WDO\�
0(5,6 LPDJHV DW D VSDWLDO UHVROXWLRQ RI ��� P KDYH EHHQ XVHG IRU JHQHUDWLQJ PDSV RI FKORURSK\OO�
D �&KO�D�� WRWDO VXVSHQGHG PDWWHU� \HOORZ VXEVWDQFHV DQG WUDQVSDUHQF\ DQG WR PDS WKH RFFXUUHQFH
RI F\DQREDFWHULD EORRPV� 6DWHOOLWH�GHULYHG &KO�D FRQFHQWUDWLRQV ZKHUH FRXSOHG ZLWK WKH UHVXOWV
SURYLGHG E\ DSSO\LQJ WKH DOJRULWKPV SK\FRF\DQLQ UHWULHYDO WR 0(5,6 GDWD WR KDYH HQKDQFHG
LQIRUPDWLRQ DERXW F\DQREDFWHULD EORRP HYHQWV DQG G\QDPLFV� )RU JDWKHULQJ ILQHU VFDOH LQIRUPDWLRQ�
D VXEVHW RI LPDJHV DFTXLUHG IURP &+5,66 DQG WKH DHULDO 0,9,6 VHQVRUV ZHUH IXUWKHU SURFHVVHG�
7KH HVWLPDWLRQ RI ZDWHU TXDOLW\ SDUDPHWHUV ZDV DFKLHYHG ZLWK GLIIHUHQW DSSURDFKHV� QHXUDO
QHWZRUNV� VHPL�HPSLULFDO DOJRULWKPV DQG ELR�RSWLFDO PRGHOLQJ� DOO RI WKHP EDVHG RQ LQ VLWX GDWD�
7KH DQDO\VLV DOORZHG XV WR FRQILUP WKDW SXUSRVHO\ FRUUHFWHG VDWHOOLWH LPDJHV FDQ TXDQWLWDWLYHO\
FDSWXUH WKH G\QDPLF RI ZDWHU TXDOLW\ SDUDPHWHUV GXULQJ WLPH� 7KH UHVXOWV TXDQWLWDWLYHO\ KLJKOLJKWHG
LQWHQVH EORRPV ZKLOH� LQ FDVH RI ORZHU FRQFHQWUDWLRQV TXDOLWDWLYH SURGXFWV VKRZHG WKH VXUIDFH
GLVWULEXWLRQ RI &\DQREDFWHULD ZLWKLQ WKH ODNH� 0(5,6�GHULYHG VHDVRQDO WUHQGV FRQILUPHG WKH PHVR�
HXWURSKLF VWDWXV RI /DNH 7UDVLPHQR ZLWK DQRPDORXV WHPSRUDO WUHQG RI ERWK &KO�D FRQFHQWUDWLRQV
DQG ZDWHU WUDQVSDUHQF\� 7KH LQWHJUDWHG DSSURDFKHG� LQWHJUDWHG ZLWK DQFLOODU\ GDWD� UHYHDOHG KRZ
WKH DPSOLILFDWLRQ RI WKH UDQJH RI YDULDWLRQ RI WKH ZDWHU OHYHOV� WKH LQFUHDVHG DQWKURSRJHQLF SUHVVXUH
DQG WKH UHGXFWLRQ RI PDFURSK\WHV EHGV� PLJKW EH WKH PRVW OLNHO\ FDXVHV RI WKH ZDWHU TXDOLW\
GHWHULRUDWLRQ�LQ�WKH�ODVW�\HDUV�
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:DWHU�,QVLJKW��1HWKHUODQGV

:DWHU�,QVLJKW��1HWKHUODQGV
�
.(<:25'6��:$7(5�48$/,7<��5(027(�6(16,1*��/$.(�0$/$:,

/DNH 0DODZL LV D PRVWO\ ROLJRWURSKLF ODNH� VLWXDWHG LQ WKH (DVW $IULFDQ 5LIW 9DOOH\� /LWWOH LQIRUPDWLRQ
H[LVWV RQ WKH VSDWLR�WHPSRUDO DQG ORQJ�WHUP G\QDPLFV RI ZDWHU TXDOLW\ LQ WKLV ODNH� ,Q D SURMHFW
ZLWKLQ WKH (2ZRUOG SURJUDP E\ WKH :RUOG %DQN DQG (6$� WKH XVH RI UHPRWH VHQVLQJ IRU PRQLWRULQJ
WKH HFRORJLFDO VWDWXV RI WKH ODNH ZDV DVVHVVHG� 6HYHUDO ZDWHU TXDOLW\ SDUDPHWHUV ZHUH GHULYHG
IURP 0(5,6 IXOO UHVROXWLRQ LPDJHV DQG ZDWHU WHPSHUDWXUH IURP $$765 LPDJHV IRU WKH \HDUV ����
DQG ����� +HUH ZH SUHVHQW WKH REVHUYHG VSDWLR�WHPSRUDO G\QDPLFV RI FKORURSK\OO�D DQG H[SORUH
GLIIHUHQW DSSURDFKHV WR H[SODLQ WKH REVHUYHG SDWWHUQV� :KLOH WKH FKORURSK\OO�D FRQFHQWUDWLRQV ZHUH
IRXQG WR EH RYHUDOO YHU\ ORZ� DQ DW\SLFDO KLJK SHDN ZDV REVHUYHG LQ 2FWREHU ���� LQ WKH 1RUWKHUQ
SDUW RI WKH ODNH� 6XFK SHDNV KDYH DOVR EHHQ REVHUYHG LQ /DNH 7DQJDQ\LND DQG VHHP WR FRQVLVW RI
F\DQREDFWHULD� VRPHWLPHV OHDGLQJ WR ODUJH ILVK NLOOV� 6HYHUDO K\SRWKHVHV H[SODLQLQJ ZKDW FDXVHG
WKLV SHDN ZHUH LQYHVWLJDWHG XVLQJ DQFLOODU\ LQIRUPDWLRQ LQFOXGLQJ VXUIDFH WHPSHUDWXUH GDWD DQG
ZHDWKHU UHFRUGV� 7KH PRVW OLNHO\ H[SODQDWLRQ ZDV IRXQG WR EH WKDW ODNH FLUFXODWLRQ GULYHQ E\ WUDGH
ZLQGV WHPSRUDULO\ VWRSSHG� ,Q WKH VXEVHTXHQW LQVWDEOH VLWXDWLRQ� YHUWLFDO WXUEXOHQW PL[LQJ FDXVHG D
WUDQVSRUW RI QXWULHQWV IURP WKH GHHS QXWULHQW�ULFK OD\HUV WR WKH VXUIDFH FDXVLQJ DQ DOJDO EORRP�
)XUWKHU�LQYHVWLJDWLRQ�LV�QHFHVVDU\�WR�XQGHUVWDQG�WKH�FDXVHV�DQG�HIIHFWV�RI�VXFK�DOJDO�EORRPV�
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06�����6�6SHFLDO�6HVVLRQ���(DUWK�2EVHUYDWLRQ�RI�,QODQG�DQG�1HDU�&RDVWDO�:DWHUV

:DWHU�,QVLJKW��1HWKHUODQGV

:DWHU�,QVLJKW��1HWKHUODQGV

,W LV HVWLPDWHG WKDW PRUH WKDQ � PLOOLRQ ODNHV ODUJHU WKDQ � KD H[LVW ZRUOGZLGH� 7KHVH ODNHV UHWDLQ�
VWRUH� FOHDQ� DQG SURYLGH ZDWHU� FRQVWLWXWH HVVHQWLDO FRPSRQHQWV RI WKH K\GURORJLFDO DQG
ELRJHRFKHPLFDO F\FOHV� DQG LQIOXHQFH PDQ\ DVSHFWV RI HFRORJ\� HFRQRP\� DQG KXPDQ ZHOIDUH�
3URFHVVHV� VXFK DV HXWURSKLFDWLRQ� DFLGLILFDWLRQ� ZDWHU�OHYHO UHJXODWLRQ DQG FOLPDWH FKDQJH
LQIOXHQFH WKH HFRORJLFDO VWDWXV RI ODNHV DQG WKHLU ZDWHU TXDOLW\� 0RQLWRULQJ RI ZDWHU TXDOLW\� IRU
H[DPSOH E\ RSWLFDO UHPRWH VHQVLQJ� LV WKHUHIRUH RI JUHDW LQWHUHVW� ,W LV H[SHFWHG WKDW WKH FRPELQHG
SURSHUWLHV RI WKH 6HQWLQHO�� �KLJK UHVROXWLRQ� DQG 6HQWLQHO�� �KLJK WHPSRUDO FRYHUDJH� VDWHOOLWHV ZLOO
SURYLGH XQSUHFHGHQWHG FDSDELOLWLHV IRU PRQLWRULQJ RI JOREDO ODNHV DQG UHVHUYRLUV� 7KHUHIRUH� WKH (8
FROODERUDWLYH SURMHFW *OREDO /DNHV 6HQWLQHO 6HUYLFHV �*/D66� LV GHYHORSLQJ D SURWRW\SH VHUYLFH
LQIUDVWUXFWXUH WR LQJHVW DQG SURFHVV 6� DQG 6� GDWD� */D66 LV ZRUNLQJ RQ WKH LQJHVWLRQ RI ODUJH
TXDQWLWLHV RI GDWD DQG ZDWHU TXDOLW\ DOJRULWKPV DGDSWDWLRQ WR WKH KLJK GLYHUVLW\ RI ZDWHU W\SHV WKDW
FDQ RFFXU LQ ODNHV� 7KH */D66 V\VWHP ZLOO EH WHVWHG DQG GHPRQVWUDWHG ZLWK JOREDO FDVH VWXGLHV RI
YHU\ GLIIHUHQW ODNH W\SHV ZLWK YHU\ GLIIHUHQW PDQDJHPHQW TXHVWLRQV� 3URGXFWV IURP DOJRULWKPV
GHYHORSHG LQ WKH */D66 SURMHFW DQG VWDQGDUG 6HQWLQHO�� SURGXFWV ZLOO EH YDOLGDWHG RQ WKH EDVLV RI
ILHOG GDWD� */D66 ZLOO DOVR JHQHUDWH WUDLQLQJ DQG FRXUVH PDWHULDO IRU SRWHQWLDO XVHUV RI WKH */D66
V\VWHP� 7KLV ZLOO PDNH 6� DQG 6� GDWD HDV\ DFFHVVLEOH IRU PRQLWRULQJ DJHQFLHV� ELRORJLVWV�
OLPQRORJLVWV� DQG HQYLURQPHQWDO VFLHQWLVWV WR XVH WKH GDWD IRU WKHLU VWXGLHV RQ H�J� HQYLURQPHQWDO
LPSDFW�DQDO\VLV�

35(6(17$7,21�7<3(��3267(5

���

��WK�:RUOG�/DNH�&RQIHUHQFH�������6HSWHPEHU�������3HUXJLD��,WDO\



06�����6�6SHFLDO�6HVVLRQ���(DUWK�2EVHUYDWLRQ�RI�,QODQG�DQG�1HDU�&RDVWDO�:DWHUV

:DWHU�,QVLJKW��1HWKHUODQGV

:DWHU�,QVLJKW��1HWKHUODQGV
�
.(<:25'6��&<$12%$&7(5,$��5(027(�6(16,1*��)/2$7,1*�/$<(5

&\DQREDFWHULD LQ LQODQG ZDWHUV DUH DQ LQFUHDVLQJ SUREOHP� 'HSHQGLQJ RQ VSHFLHV� ODUJH PDWV� RLO\
OD\HUV RU VXVSHQGHG FHOOV FDQ EH IRXQG� 6RPH VSHFLHV DUH SRWHQWLDOO\ WR[LF DQG DUH WKHUHIRUH D
WKUHDW WR VZLPPLQJ ZDWHUV� 7KH EHVW ZD\ WR REWDLQ PRUH LQIRUPDWLRQ RQ EORRPV DQG IDFWRUV WKDW
PLJKW WULJJHU EORRPV LV PRQLWRULQJ� ,Q WKH 1HWKHUODQGV� PRQLWRULQJ LV GRQH E\ ZDWHU ERDUGV� E\ LQ
VLWX VDPSOLQJ� 8VLQJ PLFURVFRSHV� VSHFLHV DUH LGHQWLILHG DQG FRQFHQWUDWLRQV DQG FHOO YROXPH
GHWHUPLQHG� $OWKRXJK YHU\ SUHFLVH� WKLV PHWKRG LI YHU\ WLPH FRQVXPLQJ DQG FDQ WKHUHIRUH QRW YHU\
UHJXODUO\ EH DSSOLHG WR YDULRXV ZDWHU ERGLHV� 5HPRWH VHQVLQJ ZLWK KLJK UHVROXWLRQ LPDJHU\ SURYLGHV
D SRVVLEOH DOWHUQDWLYH� 7R SUHSDUH IRU WKH XVH RI H�J� 6HQWLQHO�� GDWD� LQ VLWX UHIOHFWDQFH GDWD RI
GLIIHUHQW W\SHV RI IORDWLQJ OD\HUV KDYH EHHQ FROOHFWHG� %DVHG RQ WKHVH� D GLVWLQFWLRQ LV PDGH
EHWZHHQ WKLFN PDWV RI IORDWLQJ F\DQREDFWHULD� RLO\ OD\HUV DQG 
RWKHU
 IORDWLQJ OD\HUV� VXFK DV
GXFNZHHG�
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8QLYHUVLW\�RI�&DSH�7RZQ��'HSDUWPHQW�RI�2FHDQRJUDSK\��5RQGHERVFK��&DSH�7RZQ��6RXWK�$IULFD

%URFNPDQQ�&RQVXOW�*PE+��*HHVWKDFKW��*HUPDQ\

(DUWK�6\VWHPV�(DUWK�2EVHUYDWLRQ��&6,5���15(��&HQWUH�IRU�+LJK�3HUIRUPDQFH�&RPSXWLQJ��5RVHEDQN��&DSH
7RZQ��6RXWK�$IULFD
�
.(<:25'6��&<$12%$&7(5,$��5($/�7,0(�021,725,1*��6287+�$)5,&$

*OREDO RXWEUHDNV RI F\DQREDFWHULD �EOXH�JUHHQ DOJDH� EORRPV DQG LQFUHDVLQJ HXWURSKLFDWLRQ DPLG
ZDUPLQJ FOLPDWHV FRPH DW D FRQVLGHUDEOH FRVW WR KXPDQV DQG WKH HQYLURQPHQW� $V D UHVXOW� PDQ\
ODNHV DUH XQGHU WKUHDW IURP GHWHULRUDWLQJ VXUIDFH ZDWHU TXDOLW\� 7KHUH LV DQ XUJHQW QHHG IRU WRROV
DOORZLQJ V\VWHPDWLF DQG QHDU UHDO�WLPH RSHUDWLRQDO PRQLWRULQJ ZKLFK HQDEOH UDSLG UHVSRQVH DQG
TXDQWLWDWLYH PHDVXUHV RI PLWLJDWLRQ DQG PDQDJHPHQW LQWHUYHQWLRQV� ,Q UHVSRQVH� D QRYHO WHFKQLTXH
KDV EHHQ GHYHORSHG IRU GHWHFWLQJ WURSKLF VWDWXV DQG F\DQREDFWHULD LQ ODNHV XVLQJ HDUWK REVHUYDWLRQ
UHPRWH VHQVLQJ GDWD� 7KH SURFHGXUH� FDOOHG WKH PD[LPXP SHDN KHLJKW RU 03+ DOJRULWKP� LV
SUHVHQWO\ DSSOLHG WR WKH (XURSHDQ 6SDFH $JHQF\¶V 0HGLXP 5HVROXWLRQ ,PDJLQJ 6SHFWURPHWHU RU
0(5,6 GDWD WR GHULYH D �� \HDU WLPH VHULHV EHWZHHQ ���� DQG ���� RI HXWURSKLFDWLRQ DQG
F\DQREDFWHULD RFFXUUHQFH LQ ODNHV DURXQG WKH ZRUOG� 5HVXOWV DUH SUHVHQWHG IURP GLYHUVH ODNH
HQYLURQPHQWV� DQG LWV SHUIRUPDQFH LV DVVHVVHG XVLQJ D ODUJH JOREDO GDWDVHW RI LQ VLWX FKORURSK\OO D
PHDVXUHPHQWV� $ 6RXWK $IULFDQ FDVH VWXG\ RI �� VPDOO ODNHV GHPRQVWUDWHV PRQLWRULQJ DW VXE�
FRQWLQHQWDO VFDOHV� 7KH KLJK WHPSRUDO DQG VSDWLDO UHVROXWLRQ VDWHOOLWH GDWD RI TXDQWLWDWLYH FKORURSK\OO
D HVWLPDWHV SURYLGHV D QHYHU�EHIRUH�VHHQ YLHZ RI WKH HFRORJLFDO SURGXFWLRQ DQG IXQFWLRQLQJ RI
ODNHV� DQG SURYLGHV QHZ LQVLJKWV LQWR WKH SKHQRORJ\ RI F\DQREDFWHULD EORRPV DQG WKH SRWHQWLDO
FKDQJHV LQ ODNHV LQ UHVSRQVH WR FOLPDWH DQG RWKHU YDULDELOLW\� ,WV DSSOLFDWLRQ LQ RSHUDWLRQDO V\VWHPV
ZLWK WKH XSFRPLQJ (6$ 6HQWLQHO�� VSDFH PLVVLRQ PDNHV JOREDO QHDU UHDO�WLPH PRQLWRULQJ RI
F\DQREDFWHULD�DQG�HXWURSKLFDWLRQ�LQ�ODNHV�XVLQJ�VDWHOOLWH�UHPRWH�VHQVLQJ�D�IXWXUH�UHDOLW\�
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*,6�DQG�5HPRWH�6HQVLQJ�8QLW��'HSDUWPHQW�RI��%LRGLYHUVLW\�DQG�0ROHFXODU�(FRORJ\��7KH�5HVHDUFK�DQG
,QQRYDWLRQ�&HQWUH��&5,���)RQGD]LRQH�(GPXQG�0DFK��)(0���7UHQWR��,WDO\

*,6�DQG�5HPRWH�6HQVLQJ�8QLW��'HSDUWPHQW�RI��%LRGLYHUVLW\�DQG�0ROHFXODU�(FRORJ\��7KH�5HVHDUFK�DQG
,QQRYDWLRQ�&HQWUH��&5,���)RQGD]LRQH�(GPXQG�0DFK��)(0���7UHQWR��,WDO\

*,6�DQG�5HPRWH�6HQVLQJ�8QLW��'HSDUWPHQW�RI��%LRGLYHUVLW\�DQG�0ROHFXODU�(FRORJ\��7KH�5HVHDUFK�DQG
,QQRYDWLRQ�&HQWUH��&5,���)RQGD]LRQH�(GPXQG�0DFK��)(0���7UHQWR��,WDO\

1DWLRQDO�5HVHDUFK�&RXQFLO��,QVWLWXWH�IRU�(OHFWURPDJQHWLF�6HQVLQJ�RI�WKH�(QYLURQPHQW��&15�,5($���0LODQR�
,WDO\

5HJLRQDO�$JHQF\�IRU�(QYLURQPHQWDO�3URWHFWLRQ�RI�/RPEDUG\��$53$�/RPEDUGLD���,WDO\

'HSDUWPHQW�RI�(DUWK�DQG�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�0LODQ�%LFRFFD��0LODQ��,WDO\

'LSDUWLPHQWR�GL�&KLPLFD��%LRORJLD�H�%LRWHFQRORJLH��8QLYHUVLWj�GHJOL�6WXGL�GL�3HUXJLD��3HUXJLD��,WDO\

1DWLRQDO�5HVHDUFK�&RXQFLO��,QVWLWXWH�RI�(FRV\VWHP�6WXG\��&15�,6(���9HUEDQLD�3DOODQ]D��,WDO\

/LPQRORJ\�DQG�5LYHU�(FRORJ\�8QLW��'HSDUWPHQW�RI�6XVWDLQDEOH�$JUR�(FRV\VWHPV�DQG�%LRUHVRXUFHV��7KH
5HVHDUFK�DQG�,QQRYDWLRQ�&HQWUH��&5,���)RQGD]LRQH�(GPXQG�0DFK��)(0���7UHQWR��,WDO\
�
.(<:25'6��5(027(�6(16,1*��68%�$/3,1(�/$.(6��685)$&(�7(03(5$785(

7KHUPDO LQIUD�UHG UHPRWH VHQVLQJ PHWKRGV SURYLGH JUHDW RSSRUWXQLW\ WR VWXG\ VSDWLDO DQG WHPSRUDO
WHPSHUDWXUH YDULDWLRQV RYHU ODQG DQG ZDWHU PDVVHV� ,Q WKLV VWXG\� ZH XVHG 02',6 �0RGHUDWH
5HVROXWLRQ ,PDJLQJ 6SHFWURUDGLRPHWHU� /DQG 6XUIDFH 7HPSHUDWXUH �/67� GDWD E\ UHFRQVWUXFWLQJ
WKHP XVLQJ D PXOWL UHJUHVVLRQ WHFKQLTXH �)(0�&5, 3*,6� KWWS���$UUD\� DW ��� P UHVROXWLRQ� DQG
GDLO\ /DNH 6XUIDFH :DWHU 7HPSHUDWXUH GDWDVHW �$UF�/DNH ���������� KWWS���$UUD\� DW ����� VSDWLDO
UHVROXWLRQ UHWULHYHG XVLQJ RSWLPDO HVWLPDWLRQ DQG SUREDELOLVWLF FORXG VFUHHQLQJ IURP $�$�765
�$GYDQFHG $ORQJ�7UDFN 6FDQQLQJ 5DGLRPHWHU� DERDUG WKH (QYLVDW VDWHOOLWH� 7KH DELOLW\ RI UHPRWHO\
VHQVHG GDWDVHWV WR FDSWXUH WKH WKHUPDO YDULDWLRQV RYHU WLPH ZDV YDOLGDWHG DJDLQVW KLVWRULFDO
PRQWKO\ JURXQG REVHUYDWLRQ GDWD FROOHFWHG LQ WKH ODUJHVW ,WDOLDQ ODNHV ± &RPR� ,VHR� *DUGD�
0DJJLRUH DQG 7UDVLPHQR� 7KH SUHOLPLQDU\ DQDO\VLV RYHU ODNH *DUGD ZDV DEOH WR UHFRQVWUXFW WKH
VHDVRQV RQ DQ DQQXDO VFDOH ZKLOH JLYLQJ XV D JUDSKLFDO YLHZ RI LQWUD�DQQXDO YDULDWLRQV LQ WKH WUHQGV
ZLWK UHVLGXDOV� 7KH FRUUHODWLRQ EHWZHHQ WLPH VHULHV RI VDWHOOLWH GDWD /67 �[� \� W� DQG WKH ILHOG
PHDVXUHPHQWV I �[� \� W� ZHUH IRXQG WR EH LQ DFFHSWDEOH UDQJH� ZLWK D FRUUHODWLRQ FRHIILFLHQW RI �����
7KH WLPH VHULHV PHWKRGV 67/ ± 6HDVRQDO 7LPH VHULHV GHFRPSRVLWLRQ EDVHG RQ /RHVV PHWKRG DQG
%)$67 ± %UHDNV IRU $GGLWLYH 6HDVRQ DQG 7UHQG� ZHUH LPSOHPHQWHG DQG FRPSDUHG LQ WKHLU DELOLW\ WR
GHULYH FKDQJHV LQ WUHQGV DQG VHDVRQDOLW\ ZLWK UHVSHFW WR WKH PRQWKO\ ILHOG GDWD� 7KH WLPH VHULHV
WUHQG DQDO\VLV VKRZHG VLPLODU SDWWHUQ IURP ERWK WKH GDWDVHWV UHLQVWDWLQJ WKH LPSRUWDQFH RI UHPRWHO\
VHQVHG�GDWD�LQ�FOLPDWH�FKDQJH�UHODWHG�VWXGLHV�
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(20$3�*PE+�	�&R�.*��*HUPDQ\�

(20$3�*PE+�	�&R�.*��*HUPDQ\

(20$3�*PE+�	�&R�.*��*HUPDQ\
�
.(<:25'6��:$7(5�48$/,7<��($57+�2%6(59$7,21��,1/$1'�:$7(5�021,725,1*

6DWHOOLWH EDVHG PDSSLQJ RI ZDWHU TXDOLW\ KDV EHHQ GHYHORSHG DQG HVWDEOLVKHG LQ WKH SDVW GHFDGHV
DV D SRZHUIXOO\ WRRO WR PRQLWRU RFHDQ DQG FRDVWDO DUHDV ZRUOGZLGH� :LWK DQ LQFUHDVLQJ QXPEHU RI
VSDWLDOO\ KLJK UHVROYHG VDWHOOLWH VHQVRUV DQG LPSURYHG DOJRULWKPV� LW LV QRZDGD\V FDSDEOH WR PRQLWRU
DOVR VPDOOHU LQODQG ZDWHUV DQG ULYHUV DW SDQ�FRQWLQHQWDO OHYHO� 7KHVH FDSDELOLWLHV ZLOO EH VLJQLILFDQWO\
H[WHQGHG ZLWK WKH XSFRPLQJ 6(17,1(/ VDWHOOLWHV RI WKH (XURSHDQ &23(51,&86 SURJUDP� ,Q WKH
IUDPH RI )5(6+021� D )3� IXQGHG GRZQVWUHDP SURMHFW WR IRVWHU VSDFH DSSOLFDWLRQV� VLJQLILFDQW
HIIRUWV DUH GRQH WR FUHDWH FRQWLQXRXV DQG ZHOO DFFHSWHG VHUYLFHV IRU LQODQG ZDWHU PRQLWRULQJ DW
(XURSHDQ OHYHO� :DWHU TXDOLW\ SURGXFWV VXFK DV VXVSHQGHG PDWWHU� VHFFKL GHSWK� RUJDQLF DEVRUEHUV
DQG FKORURSK\OO RI LQODQG ZDWHUV ZHUH JHQHUDWHG DQG YDOLGDWHG IRU D YDULHW\ RI WHPSRUDO DQG VSDWLDO
VFDOHV LQ GLIIHUHQW FRXQWULHV� 7KH UHVXOWV XQGHUOLQH WKH PHWKRG LV QRZ FDSDEOH IRU KDUPRQL]HG
PRQLWRULQJ RQ LQWHUFRQWLQHQWDO OHYHOV� FRYHULQJ ORQJ�WHUP PHDVXUHPHQWV DV ZHOO RQJRLQJ QHDU�UHDO�
WLPH GHOLYHULHV IURP IXOO\ RSHUDWLRQDO SURFHVVRUV� RQ PXOWLSOH VFDOHV IURP VPDOO ODNHV DQG ULYHUV WR
ZKROH ULYHU V\VWHPV� 7KH FDSDELOLWLHV� YDOLGDWLRQ H[DPSOHV DQG WHFKQLFDO UHVWULFWLRQV RI WKH QHZ
WHFKQRORJ\ DUH GLVFXVVHG RQ EDVH RI YDULRXV IUHVKZDWHU V\VWHPV DQG VHYHUDO DSSOLFDWLRQV LQ
GLIIHUHQW FRXQWULHV� RYHU ODNHV DQG ULYHUV� ,Q RUGHU WR JXDUDQWHH WKH VHDPOHVV LQWHJUDWLRQ RI WKH QHZ
VDWHOOLWHV LQWR WKLV RSHUDWLRQDO ZDWHU TXDOLW\ PRQLWRULQJ� FRQWLQXRXV DOJRULWKP DQG ZRUNIORZ
GHYHORSPHQWV DUH XQGHUWDNHQ IRU LQVWDQFH LQ FRQWH[W RI WZR (8 IXQGHG SURMHFWV� */D66 DQG
,1)250��ZLWK�ILUVW�UHVXOWV�SUHVHQWHG�KHUH�
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(XURSHDQ�6SDFH�$JHQF\
�
.(<:25'6��6$7(//,7(�5$'$5�$/7,0(75<��&5<26$7��6(17,1(/��

/DNH YROXPHV UHVSRQG WR FKDQJHV LQ SUHFLSLWDWLRQ LQWHJUDWHG RYHU WKHLU FDWFKPHQW EDVLQV DQG
WKHUHIRUH FDQ DFW DV LPSRUWDQW� WKRXJK LQGLUHFW LQGLFDWRUV RI FOLPDWH FKDQJH RQ ERWK UHJLRQDO DQG
JOREDO VFDOHV� 0DMRU ULYHU V\VWHPV DUH LPSRUWDQW WDUJHWV RI UHVHDUFK FRYHULQJ D ZLGH UDQJH RI
DSSOLFDWLRQV VXFK DV WUDQVSRUW� IORRGLQJ KD]DUG� ZDWHU DQG IRRG UHVRXUFH PDQDJHPHQW� VWXGLHV RI
WKH K\GURORJLFDO F\FOH� DQG DGGUHVVLQJ WKH LPSDFW RI ODQG XVH DQG FOLPDWH FKDQJH 6LQFH �����
UHVHDUFK LQWR WKH DSSOLFDWLRQ RI DOWLPHWU\ IRU PRQLWRULQJ ULYHU DQG ODNH OHYHOV KDV EHHQ FDUULHG RXW�
7KLV KLJKOLJKWHG WKH DGYDQWDJHV RI XVLQJ GDWD GHULYHG IURP VDWHOOLWHV GXH WR WKH JOREDO FRYHUDJH
DQG UHJXODU WHPSRUDO VDPSOLQJ RI WKH SURFHVVHG GDWD� EXW DOVR LGHQWLILHG WKH GLIILFXOWLHV LQ
LQWHUSUHWLQJ UDGDU DOWLPHWHU PHDVXUHPHQWV PDGH RYHU LQODQG ZDWHU� 7KLV SDSHU ZLOO SUHVHQW WR
FXUUHQW FDSDELOLWLHV RI D JOREDO ODNH OHYHO REVHUYLQJ V\VWHP� XVLQJ GDWD IURP DOO IO\LQJ DOWLPHWHUV�
)XUWKHUPRUH� WKH (XURSHDQ 6SDFH $JHQF\ �(6$� LV LQYHVWLQJ LQ WKH SUHSDUDWLRQ WR IXOO\ H[SORLW WKH
IXWXUH &RSHUQLFXV 6HQWLQHO�� UDGDU DOWLPHWU\ PLVVLRQ RYHU LQODQG ZDWHU WKURXJK LWV SURJUDPPH
HOHPHQW FDOOHG 6(20 �6FLHQWLILF ([SORLWDWLRQ RI 2SHUDWLRQDO 0LVVLRQV�� 3URJUHVV LQ WKH SURFHVVLQJ
RI WKH QHZ JHQHUDWLRQ UDGDU DOWLPHWHU RSHUDWLQJ LQ WKH V\QWKHWLF DSHUWXUH UDGDU PRGH RQ 6HQWLQHO���
DOUHDG\ WHVWHG LQ VPDOO DUHDV ZLWK &U\R6DW��� SURYLGLQJ LQFUHDVHG UHVROXWLRQ DQG SUHFLVLRQ� ZLOO EH
UHSRUWHG�
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1DWLRQDO�(QYLURQPHQWDO�6DWHOOLWH��'DWD��DQG�,QIRUPDWLRQ�6HUYLFH��12$$�1(6',6���86$

1DWLRQDO�(QYLURQPHQWDO�6DWHOOLWH��'DWD��DQG�,QIRUPDWLRQ�6HUYLFH��12$$�1(6',6���86$
�
.(<:25'6��$5$/�6($��+<'52/2*,&$/�$1'�(&2/2*,&$/�&+$1*(6���6$7(//,7(

7KH GLPLQLVKLQJ RI WKH $UDO 6HD LV ³RQH RI WKH ZRUVW HQYLURQPHQWDO GLVDVWHUV LQ WKH ZRUOG´ �IURP
8QLWHG 1DWLRQV 6HFUHWDU\�*HQHUDO %DQ .L�PRRQ�� ,Q WKLV VWXG\� ���\HDU VDWHOOLWH REVHUYDWLRQV IURP
$GYDQFHG 9HU\ +LJK 5HVROXWLRQ 5DGLRPHWHU �$9+55�� ���\HDU VDWHOOLWH DOWLPHWU\ VHD OHYHO GDWD
IURP 723(;�326(,'21� -DVRQ��� DQG -DVRQ��� DQG ���\HDU VDWHOOLWH RFHDQ FRORU REVHUYDWLRQV
EHWZHHQ ���� DQG ���� IURP WKH 0RGHUDWH 5HVROXWLRQ ,PDJLQJ 6SHFWURUDGLRPHWHU �02',6� RQ WKH
$TXD DUH XVHG WR TXDQWLI\ WKH ORQJ�WHUP K\GURORJLFDO DQG HFRORJLFDOFKDQJHV LQ WKH $UDO 6HD� 7RWDO
FRYHUDJH PDSV VLQFH ���� VKRZ FRQVWDQW GHFOLQH RI WKH $UDO 6HD� 7KH FRYHUDJH GURSSHG IURP
a���±���î��� NP� LQ ���� WR DERXW ó RI WKH YDOXH LQ UHFHQW \HDUV� ,Q WKH 6RXWK $UDO 6HD� VHD OHYHO
VKRZV VWHDG\ GHFUHDVH IURP �� P DERYH VHD OHYHO WR OHVV WKDQ �� P VLQFH ����� 7RWDO ORVV RI
ZDWHU VWRUDJH VLQFH ���� LV HVWLPDWHG WR EH a���î��� NP� IRU WKH 6RXWK $UDO 6HD ZLWK D UDWH RI
a����í����î��� NP��\HDU EHIRUH ���� DQG D OHVV YDOXH DIWHU ����� ,Q DGGLWLRQ� ERWK VHDVRQDO
YDULDELOLW\ DQG VLJQLILFDQW LQWHUDQQXDO HFRORJLFDO FKDQJHV DUH REVHUYHG ZKHQ WKH $UDO 6HD
GHVLFFDWHG EHWZHHQ ���� DQG ����� 7KH $UDO 6HD VKRZV HQKDQFHG FKORURSK\OO�D �&KO�D� DQG
GLIIXVH DWWHQXDWLRQ FRHIILFLHQW DW WKH ZDYHOHQJWK RI ��� QP �.G������ GXULQJ WKH DXWXPQ VHDVRQ�
:DWHUV LQ WKH 6RXWKHDVW �6(� $UDO 6HD DUH WKH PRVW WXUELG ZLWK VLJQLILFDQWO\ KLJKHU .G����� WKDQ
WKRVH LQ WKH RWKHU WZR $UDO 6HD VXE�UHJLRQV� .G����� JUDGXDOO\ LQFUHDVHG IURP a� P±� LQ ���� WR
a��� P±� DIWHU ���� LQ WKH 6( $UDO 6HD� ,Q FRPSDULVRQ� ERWK &KO�D DQG .G����� ZHUH UHODWLYHO\
VWDEOH�IRU�WKH�1RUWK�$UDO�6HD�ZLWK�.G������a����P±��DQG�&KO�D�a���PJ�P±���
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&6,52��$XVWUDOLD

8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��86$

:LVFRQVLQ�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV��86$

8QLYHUVLW\�RI�7DUWX��(VWRQLD

&15��,WDO\

,13(��%UD]LO

8QLYHUVLW\�RI�%RQQ��*HUPDQ\

12$$��86$

&6,52��$XVWUDOLD�
�
.(<:25'6��($57+�2%6(59$7,21��:$7(5�48$/,7<��:(7/$1'6

(DUWK REVHUYDWLRQV DUH D VXLWDEOH WRRO IRU PLG WR ODUJH�VFDOH GHWHFWLRQ� PRQLWRULQJ DQG DVVHVVPHQW
RI LQODQG DQG FRDVWDO ZDWHUV DQG ZHWODQGV� (DUWK REVHUYDWLRQ H[SORUHV WKH WHPSRUDO DQG VSDWLDO
SDWWHUQV RI VHYHUDO ELRORJLFDO� FKHPLFDO DQG SK\VLFDO SURSHUWLHV� NH\ ELRGLYHUVLW\ YDULDEOHV� RI
DTXDWLF HFRV\VWHPV� :KLOH (DUWK REVHUYDWLRQ SURFHVVLQJ DQG DQDO\VLV WHFKQLTXHV WR FKDUDFWHUL]H
WKH ELR�JHRSK\VLFDO SURSHUWLHV DQG HFRV\VWHP IXQFWLRQ RI FRDVWDO DQG LQODQG ZDWHUV DQG ZHWODQGV
DUH PDWXULQJ� D VWHS FKDQJH LV QHHGHG WR LQFUHDVH XSWDNH E\ WKH ZLGHU VFLHQWLILF DQG PDQDJHPHQW
FRPPXQLWLHV� 7KLV PD\ EH SRVVLEOH WKURXJK WLPHO\ DFFHVV WR DSSURSULDWH DQG UHOLDEOH ZDWHU TXDOLW\
DQG HFRV\VWHP REVHUYDWLRQ SURGXFWV RI NQRZQ DFFXUDFLHV DQG DJUHHG LQWHUSUHWDWLRQ� 7KH *URXS RQ
(DUWK 2EVHUYDWLRQV �*(2� :DWHU 7DVN ³,QODQG DQG 1HDU�VKRUH &RDVWDO :DWHU 4XDOLW\´ DQG WKH
*(2 ³%LRGLYHUVLW\ 2EVHUYDWLRQ 1HWZRUN´ �*(2 %21� DUH SXUVXLQJ WKHVH JRDOV� 7KH DSSURYDO E\
WKH ,QWHUQDWLRQDO 2FHDQ &RORXU &RRUGLQDWLQJ *URXS �,2&&*� RI WKH ³(DUWK 2EVHUYDWLRQV LQ 6XSSRUW
RI *OREDO :DWHU 4XDOLW\´ ZRUNLQJ JURXS ZLOO JUHDWO\ HQKDQFH WKH *(2 HIIRUWV RYHU WKH QH[W WZR
\HDUV� ,QWHUQDWLRQDO SURMHFWV DQG SURMHFW FDOOV �H�J� +RUL]RQ����� DUH PDWXULQJ WKLV ILHOG RI UHVHDUFK
DQG DSSOLFDWLRQV� :H VXJJHVW WKH FUHDWLRQ RI D 5RDGPDS ��������� ZKLFK WDNHV WKH VWDWH�RI�WKH�
DUW LQ (DUWK REVHUYDWLRQV RI DTXDWLF HFRV\VWHPV DQG LQYROYHV WKH JOREDO DTXDWLF HFRV\VWHPV
VFLHQWLILF XVHU FRPPXQLW\ WR H[SORUH V\QHUJLHV DQG WR HQKDQFH WKH FRPPXQLW\ RI SUDFWLFH� 2QH NH\
REMHFWLYH RI WKH URDGPDS LV WR FRQVLGHU DTXDWLF V\VWHPV DFURVV WKH ODQGVFDSH� OLQNLQJ IUHVKZDWHU�
FRDVWDO LQ D ZKROH�RI V\VWHP DSSURDFK� LQWHJUDWLQJ WKH *(2 %LRGLYHUVLW\ DQG *(2 ³:DWHU´
LQWHUHVWV�
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&6,52�/DQG�DQG�:DWHU��$XVWUDOLD

&6,52�/DQG�DQG�:DWHU��$XVWUDOLD��1DWLRQDO�5HVHDUFK�&RXQFLO��&15���,WDO\

&6,52�/DQG�DQG�:DWHU��$XVWUDOLD

&6,52�/DQG�DQG�:DWHU��$XVWUDOLD

&6,52�/DQG�DQG�:DWHU��$XVWUDOLD

&6,52�/DQG�DQG�:DWHU��$XVWUDOLD

&6,52�/DQG�DQG�:DWHU��$XVWUDOLD
�
.(<:25'6��$'$37,9(�/,1($5�0$75,;�,19(56,21��5(027(�6(16,1*��237,&$/�&203/(;,7<

$ QRQ�QDWXUDO HXWURSKLF LQODQG ODNH ZDV VHOHFWHG IRU WKLV VWXG\� ZKLFK KDV GLVWLQFW VHDVRQDO
SDWWHUQV DQG VLJQLILFDQW VSDWLDO KHWHURJHQHLW\ ZLWK RSWLFDO FRQVWLWXHQWV YDU\LQJ IURP DOJDO EORRPV WR
VXVSHQGHG PDWWHU�ODGHQ IORRG ZDWHUV� 7KH ODNH¶V RSWLFDO FRPSOH[LW\ LV GULYHQ E\ WKH
JHRPRUSKRORJLFDO SURFHVVHV DQG VHDVRQDO LQIOXHQFHV� ,Q VXFK DQ RSWLFDOO\ FRPSOH[ V\VWHP�
VWDQGDUG EDQG UDWLR DOJRULWKPV KDYH QRW VXFFHHGHG LQ DFFXUDWH UHWULHYDOV RI ZDWHU TXDOLW\ YDULDEOHV�
:LWK LQFUHDVHG VSHFWUDO UHVROXWLRQ� WKH ��EDQG :RUOG9LHZ� VHQVRU KDV SRWHQWLDO IRU WKH DFFXUDWH
GHWHFWLRQ RI ZDWHU TXDOLW\ YDULDEOHV� $Q DGDSWLYH OLQHDU PDWUL[ LQYHUVLRQ DOJRULWKP �D�/0,��
SDUDPHWHULVHG ZLWK LQ VLWX DQG ODERUDWRU\ ELR�RSWLFDO SURSHUWLHV� ZDV DSSOLHG WR WKH :RUOG 9LHZ��
GDWD WR UHWULHYH NH\ ZDWHU TXDOLW\ YDULDEOHV �FKORURSK\OO�D� FRORXUHG GLVVROYHG RUJDQLF PDWWHU DQG
QRQ�DOJDO SDUWLFXODWHV�� )RU TXDOLW\ DVVHVVPHQW RI WKH UHWULHYDOV IURP WKH UHPRWHO\ VHQVHG GDWD�
(FROLJKW UDGLDWLYH WUDQVIHU VLPXODWLRQV RI UHPRWH VHQVLQJ UHIOHFWDQFH �LQSXWV ZHUH LQ VLWX DEVRUSWLRQ
DQG EHDP DWWHQXDWLRQ PHDVXUHPHQWV RI WKUHH ILHOGZRUNV� ZHUH XVHG WR YDOLGDWH WKH PRGHO� DV QR LQ
VLWX PHDVXUHPHQWV FRQFXUUHQW ZLWK WKH LPDJHU\ H[LVWHG� ,W ZDV IRXQG WKDW WKH YDULDELOLW\ RI WKH ELR�
RSWLFDO SURSHUWLHV RI WKH ODNH ZHUH WRR FRPSOH[ IRU EDQG UDWLR DOJRULWKPV DQG IRU D VLQJOH IL[HG
6SHFLILF ,QKHUHQW 2SWLFDO 3URSHUW\ PRGHO SDUDPHWHUL]DWLRQ� 7KH D�/0, PHWKRG� ZLWK LWV YDULDEOH
6,23 PRGHO GHFRXSOHV WKH RSWLFDO SURSHUWLHV RI WKH ZDWHU FRQVWLWXHQWV� ZDV WKHQ DSSOLHG WR WKH
:RUOG9LHZ� LPDJHU\ ZKHUH WKH UHWULHYHG VHDVRQDO YDULDWLRQV LQ WKH GHULYHG ZDWHU TXDOLW\ SURGXFWV
KDYH�FRPSDUHG�VDWLVIDFWRULO\�ZLWK�GDWD�IURP�DQ�LQGHSHQGHQW�ZDWHU�TXDOLW\�VDPSOLQJ�SURJUDP�
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7DUWX�2EVHUYDWRU\��(VWRQLD

6WRFNKROP�8QLYHUVLW\��6WRFNKROP��6ZHGHQ

7DUWX�2EVHUYDWRU\��(VWRQLD

(VWRQLDQ�0DULQH�,QVWLWXWH��8QLYHUVLW\�RI�7DUWX��7DOOLQQ��(VWRQLD

(VWRQLDQ�0DULQH�,QVWLWXWH��8QLYHUVLW\�RI�7DUWX��7DOOLQQ��(VWRQLD
�
.(<:25'6��',))86(�$77(18$7,21�&2()),&,(17�2)�'2:1:(//,1*�,55$',$1&(��/$.(6��0(5,6

,Q WKLV VWXG\ DQ HPSLULFDO DOJRULWKP LV GHYHORSHG IRU RSWLFDOO\�FRPSOH[ ZDWHUV WR UHWULHYH WKH GLIIXVH
DWWHQXDWLRQ FRHIILFLHQW RI GRZQZHOOLQJ LUUDGLDQFH �.G�Ȝ�� IURP VDWHOOLWH GDWD� $ EDQG UDWLR DOJRULWKP�
RULJLQDOO\ GHYHORSHG E\ $XVWLQ DQG 3HW]ROG ������� ZDV XVHG ZLWK PRGLILFDWLRQV� 'XH WR 0(5,6
FKDUDFWHULVWLFV� VHYHUDO EDQGV LQ WKH ORQJHU ZDYHOHQJWKV LQ WKH YLVLEOH VSHFWUXP ����� ���� ����
���� ��� QP� ZHUH DYDLODEOH WR UHWULHYH EHWWHU UHIHUHQFH FRQGLWLRQV RYHU FRDVWDO DQG LQODQG ZDWHUV�
9DULRXV VHWV RI EDQG UDWLRV ZHUH WHVWHG WR DFKLHYH WKH EHVW HVWLPDWHV IRU .G������ 7ZR DOWHUQDWLYH
SURFHVVRUV IRU DWPRVSKHULF FRUUHFWLRQ DQG ZDWHU TXDOLW\ SDUDPHWHUV �&�5� )8% :H:� ZHUH
DSSOLHG DQG FRPSDUHG WR WKH 0(5,6 VWDQGDUG SURFHVVRU �0(*6�� 0(5,6�GHULYHG .G����� YDOXHV
ZHUH FRPSDUHG ZLWK YDOXHV PHDVXUHG LQ RSWLFDOO\�FRPSOH[ FRDVWDO ZDWHUV LQ WKH %DOWLF 6HD DQG LQ
1RUGLF ODNHV ZKLFK VKRZHG UHOLDEOH HVWLPDWHV� 7KH UHVXOWV LQGLFDWH WKDW IRU HPSLULFDO EDQG UDWLR
DOJRULWKP� WKH URRW PHDQ VTXDUH HUURU �506(� �� GHFUHDVHV DQG WKH FRHIILFLHQW RI GHWHUPLQDWLRQ
�5�� LQFUHDVHV ZKHQ XVLQJ ORQJHU ZDYHOHQJWKV LQ WKH YLVLEOH VSHFWUXP DV D UHIHUHQFH EDQG� ,W ZDV
IRXQG WKDW WKH EHVW HVWLPDWHV ZHUH UHWULHYHG IURP 0(5,6 GDWD ZKHQ XVLQJ WKH UDWLR RI
5UV������5UV����� IRU FRDVWDO ZDWHUV �.G����� ��� ��� DQG UDWLR 5UV������5UV����� IRU PRUH WXUELG
LQODQG ZDWHUV �.G����� ! ��� P���� $V D UHVXOW� D FRPELQHG DOJRULWKP ZDV GHYHORSHG� ZKLFK
SURYLGHV D SURPLVLQJ DSSURDFK �5�  ����� 506( ����� 1 ���IRU HVWLPDWLQJ .G����� RYHU D ZLGH
UDQJH�RI�YDOXHV������±�����P����
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&RPPRQZHDOWK�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK�2UJDQLVDWLRQ��&6,52���$XVWUDOLD

1DWLRQDO�5HVHDUFK�&RXQFLO��,QVWLWXWH�IRU�(OHFWURPDJQHWLF�6HQVLQJ�RI�WKH�(QYLURQPHQW��&15�,5($���,WDO\

1DWLRQDO�5HVHDUFK�&RXQFLO��,QVWLWXWH�IRU�(OHFWURPDJQHWLF�6HQVLQJ�RI�WKH�(QYLURQPHQW��&15�,5($���,WDO\

1DWLRQDO�5HVHDUFK�&RXQFLO��,QVWLWXWH�IRU�(OHFWURPDJQHWLF�6HQVLQJ�RI�WKH�(QYLURQPHQW��&15�,5($���,WDO\

1DWLRQDO�5HVHDUFK�&RXQFLO��,QVWLWXWH�IRU�(OHFWURPDJQHWLF�6HQVLQJ�RI�WKH�(QYLURQPHQW��&15�,5($���,WDO\
�
.(<:25'6��($57+�2%6(59$7,21��+<3(563(&75$/��:$7(5�48$/,7<

$OWKRXJK WKH\ RFFXS\ D UHODWLYHO\ VPDOO SRUWLRQ RI WKH (DUWK¶V VXUIDFH� ODNHV DQG UHVHUYRLUV SOD\ DQ
LPSRUWDQW UROH LQ VXSSRUWLQJ ELRGLYHUVLW\� HFRORJLFDO IXQFWLRQ DQG HFRV\VWHP VHUYLFHV� (DUWK
REVHUYDWLRQ KDV EHHQ LGHQWLILHG DV DQ DSSURDFK IRU SURYLGLQJ WKH V\VWHPDWLF� UHSHDWDEOH
PHDVXUHPHQWV QHHGHG WR UHVROYH ODNH DQG UHVHUYRLU SK\VLFDO DQG HFRORJLFDO SURFHVVHV� +RZHYHU�
GXH WR WKHLU G\QDPLF QDWXUH DQG EHFDXVH WKH\ DUH UHODWLYHO\ VPDOO DQG VSDUVH RQ WKH (DUWK¶V
VXUIDFH� (DUWK REVHUYDWLRQ RI ODNHV KDV EHHQ OLPLWHG� 6HQVRUV DUH QHHGHG WKDW FDQ FDSWXUH WKH
VPDOO VSDWLDO H[WHQWV RI IUHVKZDWHU V\VWHPV DW VSHFWUDO UHVROXWLRQV WKDW PHDVXUH HFRORJLFDO IXQFWLRQ
DQG WHPSRUDO UHVROXWLRQV WKDW FDQ UHVROYH IUHVKZDWHU G\QDPLFV� +LJK VSHFWUDO UHVROXWLRQ LPDJHUV
VXFK DV 0(5,6� +\SHULRQ DQG +,&2 KDYH GHPRQVWUDWHG WKH FDSDELOLWLHV RI VSDFHERUQH VHQVRUV WR
UHVROYH WKH ELRSK\VLFDO SURSHUWLHV RI ODNHV DQG UHVHUYRLUV VXFK DV ODNH H[WHQW� ZDWHU TXDOLW\ DQG
PDFURSK\WH FRYHU� :LWK WKH DGYHQW RI 6HQWLQHO��� (Q0DS� 356,0$ DQG +\V3,5,� (DUWK REVHUYDWLRQ
DSSOLFDWLRQV IRU ODNHV ZLOO SURJUHVV HYHQ IXUWKHU� ,PSURYHG VSDWLDO UHVROXWLRQ ZLOO UHVROYH PRUH VPDOO
DQG PHGLXP ODNHV� ,QFUHDVHG IUHTXHQF\ RI RYHUSDVVHV ZLOO HQDEOH GHWHFWLRQ RI HQYLURQPHQWDO
SURFHVVHV� ,PSURYHG VHQVRU SHUIRUPDQFH VXFK DV KLJK VSHFWUDO UHVROXWLRQ DW KLJKHU ILGHOLW\ ZLOO
DOORZ IRU VRSKLVWLFDWHG PHDVXUHPHQWV� VXFK DV WKH UHWULHYDO RI VHFRQGDU\ SK\WRSODQNWRQ SLJPHQWV�
%DVHG RQ FDVH VWXGLHV RQ ,WDOLDQ DQG $XVWUDOLDQ ODNHV DQG UHVHUYRLUV� ZH SUHVHQW KRZ WKH
LPSURYHPHQWV WKDW DUH H[SHFWHG IURP XSFRPLQJ VDWHOOLWH PLVVLRQV ZLOO DOORZ XV WR GHOLYHU LPSURYHG
SURGXFWV�IRU�ODNH�DQG�UHVHUYRLU�UHVHDUFK�DQG�PDQDJHPHQW�
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,168�&156��805�������/2*��/DERUDWRLUH�G
2FpDQRORJLH�HW�GHV�*pRVFLHQFHV��8QLYHUVLWp�GH�/LOOH�1RUG�GH
)UDQFH��8/&2��)UDQFH

(VWRQLDQ�0DULQH�,QVWLWXWH��8QLYHUVLW\�RI�7DUWX��(VWRQLD�

'HSDUWPHQW�RI�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�9LUJLQLD��86$

'HSDUWPHQW�RI�(FRORJ\�DQG�*HQHWLFV�/LPQRORJ\��(YROXWLRQDU\�%LRORJ\�&HQWUH��8SSVDOD�8QLYHUVLW\��6ZHGHQ
�
.(<:25'6��5(027(�6(16,1*��*/2%$/�,19(1725<

7KHUH LV VWURQJ QHHG IURP ERWK JOREDO DQG UHJLRQDO SURVSHFWLYH WR KDYH DFFXUDWH LQIRUPDWLRQ DERXW
WKH QXPEHU� VL]H DQG GLVWULEXWLRQ RI ODNHV� 7KH FXUUHQW NQRZOHGJH DERXW WKH WRWDO QXPEHU DQG DUHD
RI ODNHV DURXQG WKH ZRUOG UHOLHV RQ GDWD ZLWK YDULDEOH TXDOLW\ DQG VWDWLVWLFDO HVWLPDWHV ZLWK
TXHVWLRQDEOH DFFXUDF\� 7KH ODUJHVW XQFHUWDLQWLHV DUH UHODWHG WR VPDOOHU ODNHV� :H XVHG WKH
*HR&RYHU70 &LUFD ���� GDWDEDVH� WKDW FRQVLVWV RI /DQGVDW � (70� VDWHOOLWH LPDJHU\ ZLWK ����� P
VSDWLDO UHVROXWLRQ� WR SURGXFH D JOREDO ODNH PDS WKDW FRYHUV DOO ZDWHU ERGLHV JUHDWHU WKDQ ���� P�
LQ VL]H� 2XU HVWLPDWHV VKRZ WKDW WKHUH DUH a��� PLOOLRQ ODNHV RQ (DUWK DQG DERXW �� PLOOLRQ RI WKHP
DUH JUHDWHU WKDQ �KD� 7KHVH ZDWHU ERGLHV FRYHU D WRWDO DUHD RI DURXQG � PLOOLRQ NP� ZKLFK
FRUUHVSRQG WR ���� RI WKH JOREDO ODQG DUHD� 7KH ZDWHU ERGLHV WKDW DUH JUHDWHU WKDQ �KD LQ VL]H
FRYHU�D�WRWDO�DUHD�RI�a��PLOOLRQ�RI�NP��ZKLFK�FRUUHVSRQGV�WR������RI�WKH�JOREDO�ODQGPDVV�
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,QVWLWXWH�IRU�(OHFWURPDJQHWLF�6HQVLQJ�RI�WKH�(QYLURQPHQW��&15��,5($�&15���0LODQR��,WDO\

1DQMLQJ�,QVWLWXWH�RI�*HRJUDSK\�DQG�/LPQRORJ\��&$6��1,*/$6���1DQMLQJ��&KLQD

,QVWLWXWH�IRU�(OHFWURPDJQHWLF�6HQVLQJ�RI�WKH�(QYLURQPHQW��&15��,5($�&15���0LODQR��,WDO\
�
.(<:25'6��$/*$/�%/2206��,17(*5$7('�$66(660(17��02',6

,QODQG ZDWHU TXDOLW\ FDQ EH VWURQJO\ DIIHFWHG E\ DQWKURSLF DFWLYLWLHV DQG WKHLU LQIOXHQFHV RQ WKH
ODQGVFDSH� (DUWK 2EVHUYDWLRQ �(2� FDQ GHOLYHU D ZLGH UDQJH RI LQIRUPDWLRQ RQ VSDWLDO�WHPSRUDO
HQYLURQPHQWDO G\QDPLFV ERWK LQ WKH ZDWHU DQG WKH ODQG GRPDLQ� DQG LV WKHUHIRUH WKH PRVW UHOHYDQW
DQG SRWHQWLDOO\ HIIHFWLYH FDQGLGDWH WRRO IRU PRQLWRULQJ FRPSOH[ HFRV\VWHPV VXFK DV LQODQG� FRDVWDO
DQG WUDQVLWLRQDO HQYLURQPHQWV�/DNH 7DLKX� ORFDWHG LQ VRXWKHUQ -LDQJVX SURYLQFH� &KLQD� LV D ZLGHO\
VWXGLHG KLJKO\ HXWURSKLF VKDOORZ ODNH� $ QXPEHU RI VWXGLHV KDYH UHFRJQL]HG WKH FRPSOH[ LQWHJUDWLRQ
RI PDQ\ HQYLURQPHQWDO IDFWRUV FDXVLQJ DOJDO EORRPLQJ� EXW TXDQWLWDWLYH XQGHUVWDQGLQJ RI VXFK
ZDWHU WKUHDWV SKHQRPHQD LV VWLOO ODFNLQJ�7KLV ZRUN IRFXVHV RQ WKH FRPSDUDWLYH DVVHVVPHQW RI DOJDO
EORRPV DUHDO H[WHQVLRQ DQG VHDVRQDOLW\ ZLWK DJULFXOWXUDO DFWLYLWLHV DQG FURS FKDUDFWHUL]DWLRQ
�GRXEOH FURSV ZLWK ZLQWHU ZKHDW DQG SDGG\ ULFH FXOWLYDWLRQ� GHULYHG IURP PXOWL�WHPSRUDO 02',6
VDWHOOLWH GDWD� DFTXLUHG RYHU WKH /DNH 7DLKX EDVLQ IURP ���� WR ����� 02',6 GDWD SURFHVVLQJ
SURYLGHG VHULHV RI WZR GHVFULSWRUV WR EH SXW LQ FRPSDULVRQ� 1'9, LQWHU�DQQXDO YDULDELOLW\ PDSV �D
SUR[\ RI FURSV SKHQRORJ\� DQG PRQWKO\ PHDQ DUHDO H[WHQVLRQ PDSV IRU DOJDO EORRPLQJ LQ /DNH
7DLKX �PDLQO\ FRQVLVWLQJ RI F\DQREDFWHULD��5HVXOWV KLJKOLJKW VRPH DQRPDO\ DFURVV WKH \HDUV
���������� ZKLFK PDUNHG D WXUQLQJ SRLQW IRU WKH HQYLURQPHQWDO V\VWHP� D FULWLFDO GURS LQ
SURGXFWLYLW\ IRU ZLQWHU FURSSLQJ VHDVRQ LQ ����� IROORZHG E\ WKH DJULFXOWXUDO VWURQJ UHERXQG LQ ����
ZLQWHU FURSSLQJ VHDVRQ SDLUHG ZLWK WKH WZR PDVVLYH DOJDO EORRPLQJ SKHQRPHQD RI WKH GHFDGH�
%ORRPLQJ�VWDUWLQJ�VHDVRQ�WRR�VHHP�WR�VKRZ�VRPH�OLQNV�WR�ZLQWHU�FURSV�SURGXFWLYLW\�
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8QLYHUVLW\�RI�6WLUOLQJ��8.

8QLYHUVLW\�RI�6WLUOLQJ��8.

8QLYHUVLW\�RI�6WLUOLQJ��8.

8QLYHUVLW\�RI�6WLUOLQJ��8.

3O\PRXWK�0DULQH�/DERUDWRU\��8.

3O\PRXWK�0DULQH�/DERUDWRU\��8.

8QLYHUVLW\�RI�*ODVJRZ��6FRWODQG��8.

8QLYHUVLW\�RI�*ODVJRZ��6FRWODQG��8.

8QLYHUVLW\�RI�'XQGHH��8.

8QLYHUVLW\�RI�'XQGHH��8.
�
.(<:25'6��($57+�2%6(5$97,21��:$7(5�48$/,7<���%,2�237,&$/�3523(57,(6

*ORER/DNHV LV D ILYH�\HDU 1(5& IXQGHG UHVHDUFK SURJUDPPH LQYHVWLJDWLQJ WKH VWDWH RI ODNHV DQG
WKHLU UHVSRQVH WR HQYLURQPHQWDO GULYHUV RI FKDQJH WKURXJK WKH UHDOL]DWLRQ RI D QHDU�UHDO WLPH
VDWHOOLWH EDVHG REVHUYDWRU\ �6HQWLQHO �� ZLWK DUFKLYH GDWD SURFHVVLQJ �0(5,6� 6HD:L)6� WR
SURGXFH D a���\HDU WLPH VHULHV RI REVHUYHG HFRORJLFDO SDUDPHWHUV DQG ODNH WHPSHUDWXUH IRU RYHU
���� ODNHV JOREDOO\� 7KLV ZLOO EH VXSSRUWHG E\ OLQNHG DX[LOLDU\ GDWD RQ FDWFKPHQW ODQG�XVH DQG
PHWHRURORJLFDO IRUFLQJ� 7KH (DUWK REVHUYDWLRQ FRPSRQHQW ZLOO IRFXV RQ WKH UHWULHYDO RI� �L� VXUIDFH
ZDWHU WHPSHUDWXUH �/6:7�� �LL� WKH FRQFHQWUDWLRQ RI FRORXUHG GLVVROYHG RUJDQLF PDWWHU� �LLL�
VXVSHQGHG VROLGV WKDW GHULYH ODUJHO\ IURP WKH FDWFKPHQW� �LY� WKH DEXQGDQFH RI SK\WRSODQNWRQ
�FKORURSK\OO D�� DQG �Y� WKH DEXQGDQFH RI F\DQREDFWHULD �&�3K\FRF\DQLQ�� +HUH ZH ZLOO SUHVHQW DQ
XSGDWH RQ WKH SURMHFW DQG LWV VFLHQFH SURJUDPPH� $Q DQDO\VLV RI WKH YDULDELOLW\ LQ ,23V ZLWKLQ DQG
EHWZHHQ ODNHV IURP RXU RZQ GDWD ZLOO EH SUHVHQWHG� LQFOXGLQJ WKH FKDOOHQJHV RI DGRSWLQJ RFHDQ
FRORXU GHULYHG SURFHGXUHV IRU ODNH ELR�RSWLFDO PHDVXUHPHQW� :H ZLOO LQWURGXFH WKH QHWZRUN RI
SDUWQHUV DURXQG WKH ZRUOG WKDW ZH KDYH EXLOW WKURXJK WKH /,01$'(6 �/DNH %LR�RSWLFDO
0HDVXUHPHQWV DQG 0DWFKXS 'DWD IRU 5HPRWH 6HQVLQJ� GDWDEDVH� WKH W\SH RI UHVRXUFH ZLGHO\
UHFRJQLVHG E\ WKH (DUWK REVHUYDWLRQ FRPPXQLW\ DV IXQGDPHQWDO WR WKH GHYHORSPHQW RI UREXVW
UHPRWH VHQVLQJ DOJRULWKPV� :H ZLOO DOVR RXWOLQH WKH VHOHFWLRQ RI WKH a���� ODNHV DQG SURYLGH
H[DPSOHV RI WLPH VHULHV DQDO\VLV DQG FOXVWHULQJ RI /6:7 DV ZH GHYHORS PHWKRGV WR DQDO\VH RXU
GDWD�WR�XQGHUVWDQG�WKH�GULYHUV�LQIOXHQFLQJ�WKH�FKDQJH�LQ�ODNH�FRQGLWLRQ�DURXQG�WKH�ZRUOG
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,13(��%UD]LO

81(63��%UD]LO

,13(��%UD]LO

,13(��%UD]LO
�
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&KORURSK\OO LV D JUHHQ SLJPHQW IRXQG LQ DOPRVW DOO PDULQH DQG IUHVKZDWHU SK\WRSODQNWRQ VSHFLHV�
&KORURSK\OO�D FRQFHQWUDWLRQ �&KO�D� LV PHDVXUHG DV DQ LQGLFDWRU RI SK\WRSODQNWRQ DEXQGDQFH DQG
ELRPDVV LQ PDULQH DQG LQODQG ZDWHUV DQG LV D FRPPRQO\ XVHG PHDVXUHPHQW RI ZDWHU TXDOLW\�
6DWHOOLWH UHWULHYHG FKORURSK\OO GDWD LV DOVR XVHG WR HVWLPDWH WKH UDWH RI JOREDO SULPDU\ SURGXFWLYLW\�
$FFXUDWH HVWLPDWLRQ RI FKORURSK\OO�D FRQFHQWUDWLRQ LQ QHDU�FRDVWDO DQG LQODQG ZDWHUV WKURXJK
UHPRWH VHQVLQJ LV D FKDOOHQJH GXH WR WKH RSWLFDO FRPSOH[LW\ RI ZDWHU FRQVWLWXHQWV� 7KH DLP RI WKLV
ZRUN ZDV WR HYDOXDWH WKH SHUIRUPDQFH RI WZR DQG WKUHH EDQG HPSLULFDO PRGHOV XVHG WR HVWLPDWH
&KO�D RQ D WURSLFDO DTXDWLF V\VWHP� 7KH VWXG\ ZDV FRQGXFWHG LQ WKH ,WXPELDUD 5HVHUYRLU ������
6�
�����
:�� ORFDWHG LQ 0LGZHVW %UD]LO EHWZHHQ WKH VWDWHV RI 0LQDV *HUDLV DQG *RLiV� 7ZR ILHOG
FDPSDLJQV ZHUH XQGHUWDNHQ LQ 0D\ DQG 6HSWHPEHU ����� UHVSHFWLYHO\� /LQHDU DQG SRO\QRPLDO
FDOLEUDWLRQV RI WKH DOJRULWKPV ZHUH REWDLQHG ZLWK WKH XVH RI DERYH DQG LQ�ZDWHU VSHFWURUDGLRPHWULF
UHPRWH VHQVLQJ UHIOHFWDQFH �5UV� DQG LQ VLWX &KO�D GDWD FRQFXUUHQWO\ FROOHFWHG LQ 0D\ ����� 0RGHOV
ZHUH YDOLGDWHG ZLWK WKH XVH RI GDWD IURP 6HSWHPEHU ���� FDPSDLJQ� 0RUHRYHU� D UHJLRQDO
HPSLULFDO PRGHO ZDV GHYHORSHG EDVHG RQ FRUUHODWLRQ EHWZHHQ DQDO\WLFDOO\ PHDVXUHG &KO�D DQG
EDQG UDWLRV� 7KH ZHEWRRO ,QWHUDFWLYH &RUUHORJUDP (QYLURQPHQW �,&( ± � ZDV XVHG IRU HVWDEOLVKLQJ
WKH UHODWLRQVKLSV� 7KH PRGHOV ZHUH VSHFWUDOO\ WXQHG LQ DFFRUGDQFH ZLWK RSWLFDOO\ DFWLYH FRQVWLWXHQWV
IRU�PRUH�DFFXUDWH�&KO�D�HVWLPDWLRQ�LQ�WKH�,WXPELDUD�UHVHUYRLU�
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%URFNPDQQ�&RQVXOW�*PE+��*HUPDQ\

%URFNPDQQ�&RQVXOW�*PE+��*HUPDQ\

&,%,2��3RUWXJDO

&,%,2��3RUWXJDO

%URFNPDQQ�*HRPDWLFV��6ZHGHQ

%URFNPDQQ�*HRPDWLFV��6ZHGHQ

(6$�(65,1��,WDO\
�
.(<:25'6��%,2',9(56,7<��:$7(5�48$/,7<

/DNH ZDWHU TXDOLW\ DQG TXDQWLW\ DUH IXQGDPHQWDO OLYHOLKRRGV IRU VSHFLHV OLYLQJ LQ DQG QHDU WKH ZDWHU�
%RWK DUH VXEMHFW WR LQFUHDVLQJ HQYLURQPHQWDO SUHVVXUH� LQFOXGLQJ HXWURSKLFDWLRQ� FOLPDWH FKDQJH�
DQWKURSRJHQLF FRQVXPSWLRQ DQG SROOXWLRQ� RU VWUXFWXUDO LQWHUYHQWLRQV� $FFRUGLQJ WR WKH 6HFUHWDULDW
RI WKH &RQYHQWLRQ RQ %LRORJLFDO 'LYHUVLW\ �&%'�� WKH UDWH RI ORVV RI IUHVKZDWHU VSHFLHV GLYHUVLW\ LV
WKH IDVWHVW IRU DQ\ RI WKH ZRUOG¶V PDMRU ELRPHV� 7KH /LYLQJ 3ODQHW ,QGH[ VLJQLILHV WKDW WKH UDWH RI
ORVV RI IUHVKZDWHU ELRGLYHUVLW\ EHWZHHQ ���� DQG ���� ZDV DOPRVW GRXEOH WKDW RI PDULQH DQG
WHUUHVWULDO ELRPHV� 6DWHOOLWH (DUWK 2EVHUYDWLRQ SURYLGHV D XQLTXH PHDQV WR LGHQWLI\ UHFHQW� VSDWLDOO\
H[SOLFLW WUHQGV LQ ZDWHU TXDOLW\ DQG TXDQWLW\� *OREDOO\ FRQVLVWHQW PHWKRGV DQG SURGXFWV DUH
DYDLODEOH� DQG WKH VHQVRUV LQ XVH DUH VWHDGLO\ LPSURYLQJ LQ VSDWLDO DQG WHPSRUDO UHVROXWLRQ� 7KH
(6$ '8( 'LYHUVLW\ ,, ,QODQG :DWHUV SURMHFW FRPSRQHQW DLPV WR PDNH WKLV GDWD VRXUFH XVHDEOH IRU
ELRGLYHUVLW\ DQG KDELWDW PRQLWRULQJ LQ ODNHV DURXQG WKH ZRUOG� $OO VXLWDEOH GDWD DFTXLUHG E\ (6$¶V
(19,6$7 EHWZHHQ ��������� KDYH EHHQ SURFHVVHG� DQG VXLWDEOH ELRGLYHUVLW\ LQGLFDWRUV DUH
GHULYHG XVLQJ VWDWLVWLFDO DQG HPSLULFDO DSSURDFKHV� %LRGLYHUVLW\ LQGLFDWRUV DUH GHULYHG E\ PHDQV RI
WKUHH GLIIHUHQW DSSURDFKHV� )LUVW� LW LV DVVHVVHG WR ZKLFK HQYLURQPHQWDO IDFWRUV ODNH�VSHFLILF
VSHFLHV ULFKQHVV FDQ EH DVVLJQHG� XVLQJ GHFDGDO PHDQV RI ZDWHU TXDOLW\ SDUDPHWHUV DQG
ELRGLYHUVLW\ LQYHQWRU\ GDWD DYDLODEOH IRU DERXW �� ODNHV� 6HFRQG� UHJUHVVLRQ DQDO\VHV EHWZHHQ
ELRGLYHUVLW\ WUHQGV DQG UHPRWHO\ VHQVHG SDUDPHWHUV DUH FDUULHG RXW IRU �� ODNHV� $QG WKLUG� XVHU
FRQVXOWDWLRQ PHHWLQJV ZLWK ORFDO H[SHUWV ZHUH RUJDQL]HG LQ RUGHU WR GHILQH DGYDQFHG DJJUHJDWLRQ
VFKHPHV RI ZDWHU TXDOLW\� 6XFK VFKHPHV UHSUHVHQW HQYLURQPHQWDO FRQGLWLRQV GXULQJ SHULRGV WKDW
DUH YLWDO IRU SURGXFWLYLW\� EXW DOVR SHULRGLF FKDQJHV LQ ZDWHU TXDOLW\ SDUDPHWHUV WKDW PD\ LQGLFDWH
WKH EDODQFH RI D ODNH¶V VSHFLHV FRPPXQLW\ VWUXFWXUH� ,QGLFDWRU DV ZHOO DV ZDWHU TXDOLW\ SDUDPHWHU
GDWDVHWV DUH PDGH DYDLODEOH IRU IUHH GRZQORDG� FRYHULQJ WKH HQWLUH GHFDGH RI GDWD IRU ��� ODNHV�
$GDSWDWLRQ DQG IXUWKHU LPSURYHPHQW RI WKH FKRVHQ DSSURDFKHV LV SUHSDUHG LQ YLHZ WR WKH 6HQWLQHO
VHQVRUV�WKDW�DUH�WR�EH�ODXQFKHG�QH[W�\HDU�
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%URFNPDQQ�&RQVXOW�*PE+��*HUPDQ\

%URFNPDQQ�&RQVXOW�*PE+��*HUPDQ\

%URFNPDQQ�*HRPDWLFV��6ZHGHQ

%URFNPDQQ�&RQVXOW�*PE+��*HUPDQ\

(6$�(65,1��,WDO\
�
.(<:25'6��:$7(5�48$/,7<��5(027(�6(16,1*��23(1�6285&(6�'%

5HPRWH VHQVLQJ DOORZV IRU FRQVLVWHQW DQG UHSURGXFLEOH HVWLPDWLRQ RI HQYLURQPHQWDO SDUDPHWHUV DW
ORZ FRVW DQG V\QRSWLF VFDOHV� 7KHVH DFTXLVLWLRQ SDUDPHWHUV FUHDWH DQ XQSDUDOOHOHG SRWHQWLDO WR
SURYLGH JOREDO HQYLURQPHQWDO LQIRUPDWLRQ ZLWKRXW SURSULHWDU\ UHVWULFWLRQV� :LWK UHJDUG WR WKH
UHWULHYDO RI LQODQG ZDWHU TXDOLW\ SDUDPHWHUV� VHQVRUV ZLWK KLJK VSHFWUDO� UDGLRPHWULF DQG WHPSRUDO
UHVROXWLRQ DUH UHTXLUHG WR UHVROYH UHOHYDQW QDWXUDO G\QDPLFV� 7KHVH UHTXLUHPHQWV ZHUH ILUVW PHW E\
(6$¶V (19,6$7 VDWHOOLWH� ZKLFK ZDV LQ RSHUDWLRQ EHWZHHQ ���������� 7KH DSSOLFDELOLW\ RI GDWD
DFTXLUHG E\ (19,6$7¶V RSWLFDO� WKHUPDO DQG DOWLPHWULF LQVWUXPHQWV ZDV GHPRQVWUDWHG LQ D YDULHW\ RI
VFLHQWLILF VWXGLHV WKURXJKRXW WKH SDVW GHFDGH� (6$ KDV SXW LQFUHDVLQJ HIIRUWV LQ SURYLGLQJ VXLWDEOH
WRROV DQG SURFHVVLQJ WKH DUFKLYHG (19,6$7 GDWD XVLQJ VWDWH RI WKH DUW PHWKRGV� LQ RUGHU WR PDNH
DGGHG YDOXH SURGXFWV DFFHVVLEOH WR XVHUV RXWVLGH WKH UHPRWH VHQVLQJ FRPPXQLW\� ,Q WKH VFRSH RI
WKH (6$ '8( 'LYHUVLW\ ,, SURMHFW� D FRPSUHKHQVLYH GDWDEDVH LV FUHDWHG FRQVLVWLQJ RI ZDWHU TXDOLW\
DQG TXDQWLW\ SDUDPHWHUV IRU ��� ODNHV� 7KLV HIIRUW EXLOGV RQ ZDWHU WHPSHUDWXUH DQG VXUIDFH OHYHO
SURGXFWV SURFHVVHG LQ WKH VFRSH RI (6$¶V $5& /DNHV DQG 5LYHU DQG /DNH SURMHFWV� UHVSHFWLYHO\�
$GGLWLRQDO HIIRUWV DUH PDGH WR UHWULHYH UREXVW HVWLPDWLRQV RI FKORURSK\OO�D� VXVSHQGHG PDWWHU�
FRORXUHG GLVVROYHG RUJDQLF PDWWHU DQG WXUELGLW\� DQG LQGLFDWRUV IRU F\DQREDFWHULD DQG IORDWLQJ
RUJDQLVPV IURP RSWLFDO PHDVXUHPHQWV� $Q H[WHQVLYH YDOLGDWLRQ VWXG\ LV SHUIRUPHG XVLQJ LQ VLWX
PHDVXUHG UHIHUHQFH GDWD SURYLGHG E\ VHYHUDO VFLHQWLVWV DQG DXWKRULWLHV DURXQG WKH ZRUOG� 7KH
UHVXOWV HQDEOH D UHOLDEOH VHOHFWLRQ RI VXLWDEOH DOJRULWKPV� WDNLQJ LQWR DFFRXQW WKH FRQGLWLRQDO
FRPSDUDELOLW\ RI DOO GDWD VRXUFHV� $ FRQVROLGDWHG SURFHVVLQJ FKDLQ LV XVHG WR SURGXFH PRQWKO\�
\HDUO\ DQG GHFDGDOO\ DYHUDJHG PDS SURGXFWV DV ZHOO DV VSDWLDOO\ DYHUDJHG WLPH VHULHV� 6HYHUDO
FDVH VWXGLHV DUH SUHVHQWHG WR GHPRQVWUDWH WKH XVH RI WKH GHULYHG SURGXFWV� LQFOXGLQJ LQWHUSUHWDWLRQ
E\ ORFDO H[SHUWV� $OO SURGXFWV DUH PDGH DYDLODEOH RQ DQ )73 VHUYHU IRU SXEOLF DFFHVV� DQG VXSSRUW
LV�DYDLODEOH�IRU�LQWHUHVWHG�XVHUV�
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:DWHU TXDOLW\ DVVHVVPHQW LQ DTXDWLF V\VWHPV LV D UHOHYDQW DSSOLFDWLRQ RI UHPRWH VHQVLQJ� :DWHU
UHVRXUFHV DUH FULWLFDOO\ LQIOXHQFHG E\ KXPDQ DFWLYLW\� $TXDWLF V\VWHPV UHVSRQG WR FOLPDWLF
FRQGLWLRQV WKDW YDU\ RYHU GLIIHUHQW VSDFH�WLPH VFDOHV� 2Q D IHZ GD\V� WKH SDVVDJH RI IURQWDO
GLVWXUEDQFHV SURPRWHV WUDQVLHQW SKHQRPHQD �ZLQGV� VWRUPV� DIIHFWLQJ WKH ZDWHU TXDOLW\ RI WURSLFDO
UHVHUYRLUV� 7KLV VWXG\ HYDOXDWHV WKH HIIHFWV RI PHWHRURORJLFDO IDFWRUV RQ WKH ZDWHU TXDOLW\ RI WKH
,WXPELDUD UHVHUYRLU� 0LGZHVW %UD]LO� XVLQJ 02',6 LPDJHV DQG K\GUR�PHWHRURORJLFDO GDWD REWDLQHG
ZLWK D EXR\ DQG ILHOG FDPSDLJQV� &ROG IURQW HYHQWV DUH GHVFULEHG EHWZHHQ 6HSWHPEHU �����0DUFK
����� 0D\ DQG $XJXVW SUHVHQWHG KLJKHU IUHTXHQF\ RI HYHQWV ���� LQ DYHUDJH�� ZKLOH 1RYHPEHU ZDV
WKH PRQWK ZLWK ORQJHU HYHQWV� 6HDVRQDO YDULDWLRQV DQG WKH HIIHFW RQ OLPQRORJLFDO SDUDPHWHUV ZHUH
DOVR REVHUYHG� ,Q VLWX VSHFWURUDGLRPHWULF GDWD� FRQFXUUHQWO\ DFTXLUHG ZLWK FKORURSK\OO�D DQG
WXUELGLW\ PHDVXUHPHQWV� ZHUH XVHG WR GHULYH HPSLULFDO UHODWLRQVKLSV DSSOLHG WR 02',6 LPDJHU\� $
SDUWLWLRQLQJ DQG ELR�RSWLFDO FKDUDFWHUL]DWLRQ DQDO\VLV GLYLGHG WKH UHVHUYRLU LQ WKUHH FRPSDUWPHQWV �
LWV PDLQ ERG\� WKH &RUXPEi DQG 3DUDQDtED WULEXWDULHV� DQG D WKLUG UHJLRQ LQIOXHQFHG E\ WKH
$UDJXDUL 5LYHU� $SSO\LQJ WKH VSHFWUDO OLQHDU PL[WXUH DQDO\VLV RYHU D WLPH�VHULHV RI ��GD\V 02',6
UHIOHFWDQFH� WKH RSWLFDOO\ DFWLYH FRQVWLWXHQWV LQ WKH ZDWHU ERG\ ZHUH GLVWLQJXLVKHG� 'XULQJ GU\
VHDVRQ WKHUH ZDV WKH GRPLQDQFH RI &'20 DQG GXULQJ UDLQ\ VHDVRQ WKHUH ZDV PRUH YDULDWLRQ� 7KH
5HODWLYH :DWHU &ROXPQ 6WDELOLW\ VXJJHVWHG WKDW WKH ODUJHVW YHUWLFDO PL[LQJ LQ WKH ,WXPELDUD UHVHUYRLU
RFFXUV GXULQJ DXVWUDO ZLQWHU� 5HPRWH VHQVLQJ WHFKQLTXHV GHPRQVWUDWHG JRRG SRWHQWLDO IRU
PDQDJHPHQW�DQG�PRQLWRULQJ�WKH�VXUIDFH�ZDWHUV�RI�WURSLFDO�UHVHUYRLUV�
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6SHFWUDO�/DE��'HSDUWPHQW�RI�*HRJUDSK\��8QLYHUVLW\�RI�9LFWRULD��9LFWRULD��&DQDGD

6SHFWUDO�/DE��'HSDUWPHQW�RI�*HRJUDSK\��8QLYHUVLW\�RI�9LFWRULD��9LFWRULD��&DQDGD

HYO\Q#OWLG�LQSH�EU
�
.(<:25'6��:$7(5�6,/7$7,21��237,&$/�3523(57,(6���5(027(�6(16,1*

:DWHU VLOWDWLRQ FDXVHG E\ DUWLVDQDO JROG PLQLQJ KDV LPSDFWHG WKH 7DSDMyV 5LYHU %DVLQ LQ WKH
$PD]RQ %DVLQ IRU WKH ODVW �� \HDUV� EXW LWV FRQVHTXHQFHV WR WKH DTXDWLF HQYLURQPHQW DUH VWLOO QRW
IXOO\ XQGHUVWRRG� 7R DGGUHVV WKLV� ZDWHU TXDOLW\ SDUDPHWHUV DQG RSWLFDO SURSHUWLHV ZHUH VDPSOHG
DORQJ WKH 7DSDMyV ZDWHUVKHG GXULQJ KLJK �0D\� ����� DQG ORZ �6HSWHPEHU� ����� ZDWHU OHYHO
SHULRGV� $OVR� VDWHOOLWH LPDJHV �/DQGVDW���70 DQG ,56�/,66 ,,,� ZHUH XVHG WR UHWULHYH ZDWHU TXDOLW\
SDUDPHWHUV IURP WULEXWDULHV WKDW ZHUH QRW VDPSOHG� $Q LPDJH SURFHVVLQJ� LQFOXGLQJ DWPRVSKHULF
FRUUHFWLRQ DQG LPDJH LQWHU�FDOLEUDWLRQ YDOLGDWHG ZLWK LQ VLWX UDGLRPHWULF GDWD �Q ���� LV SURSRVHG� $
ZLGH UDQJH RI 766 YDU\LQJ IURP QRQ�PLQHG ULYHU ���� PJ�O� WR KLJKO\ LPSDFWHG ULYHUV �XS WR �����
PJ�O� LV UHSRUWHG� $ IXOO TXDQWLILFDWLRQ RQ KRZ LQFUHDVLQJ 766 DIIHFWV OLJKW DWWHQXDWLRQ E\ VFDWWHULQJ
DQG DEVRUSWLRQ SURSHUWLHV LV JLYHQ� ,Q VKRUW� VFDWWHULQJ SURSHUWLHV JRHV IURP ��� P�� LQ QRQ�PLQHG
ULYHUV WR ���� P�� LQ WKDW KLJKO\ PLQHG ULYHU� ,QFUHDVLQJ VFDWWHULQJ FRHIILFLHQWV UHGXFHG HXSKRWLF
]RQH �=HX� IURP ��� WR ��� P� LQ QRQ�LPSDFWHG WR KLJKO\ LPSDFWHG WULEXWDULHV� UHVSHFWLYHO\� 766
GHULYHG IURP UHPRWH VHQVLQJ GDWD LQGLFDWHV ZKHUH DQG ZKHQ �VHDVRQDO YDULDWLRQV� PLQLQJ DFWLYLWLHV
DUH FXUUHQWO\ WDNHQ SODFH� 2YHUDOO� GXULQJ ORZ ZDWHU VHDVRQ WKH PLQLQJ DFWLYLWLHV DUH PRUH LQWHQVH
ZKLFK GLUHFWO\ DIIHFWV WKH 766 FRQFHQWUDWLRQ� $V D UHVXOW RI WKH FRRSHUDWLRQ DPRQJ &DQDGLDQ DQG
%UD]LOLDQ LQVWLWXWHV� WKH ILQGLQJV RI WKLV SURMHFW PD\ EH LQFRUSRUDWHG LQWR WKH SURWHFWHG DUHDV
PRQLWRULQJ�SURJUDP�
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685)VDUD��1HWKHUODQGV

'HOWDUHV��1HWKHUODQGV

'HOWDUHV��1HWKHUODQGV

'HOWDUHV��1HWKHUODQGV

'HOWDUHV��1HWKHUODQGV

'HOWDUHV��1HWKHUODQGV

&LQHFD��,WDO\

&LQHFD��,WDO\

685)VDUD��1HWKHUODQGV

1HWKHUODQGV�H6FLHQFH�&HQWHU��1WKHUODQGV
�
.(<:25'6��(&2/2*,&$/�67$7(��,17(5$&7,9(�'(6,*1��+,*+�3(5)250$1&(�&20387,1*

)RU VHYHUDO 'XWFK VKDOORZ ODNHV� KLJK VXVSHQGHG VHGLPHQW FRQFHQWUDWLRQV UHVXOW LQ UHGXFHG
HFRORJLFDO YDOXHV DQG SUHYHQW JRDOV DQG VWDQGDUGV IURP EHLQJ PHW �:DWHU )UDPHZRUN 'LUHFWLYH�
1DWXUD ������0DLQO\ GXH WR ZLQG GULYHQ ZDYHV �ILQH� VHGLPHQW SDUWLFOHV RQ WKH EHG DUH
UHVXVSHQGHG DQG WUDQVSRUWHG E\ K\GURG\QDPLF IORZ� +LJK FRQFHQWUDWLRQV RI VXVSHQGHG VHGLPHQW
SDUWLFOHV JHQHUDOO\ UHVXOW LQ ORZ WUDQVSDUHQF\ YDOXHV� /LJKW RQ WKH ERWWRP LV LPSRUWDQW IRU
ZDWHUSODQWV WR JURZ� JUDGLHQWV EHWZHHQ FOHDU DQG WXUELG ZDWHU DUH LPSRUWDQW IRU ILVK�HDWLQJ
ZDWHUELUGV WR JHW IRRG�*LYHQ WKLV EDFNJURXQG RI XQGHUO\LQJ SK\VLFDO DQG HFRORJLFDO SURFHVVHV DQG
LQWHUFRQQHFWLRQV� FXUUHQWO\ VHYHUDO PHDVXUHV DUH VWXGLHG WR LPSURYH WKH HFRORJLFDO VWDWH RI /DNH
0DUNHQ� 7KHVH PHDVXUHV LQYROYH WKH FRQVWUXFWLRQ RI VWUXFWXUHV LQ WKH ODNH WKDW LQIOXHQFH WKH
SK\VLFDO SURFHVVHV WR LPSURYH ZDWHUTXDOLW\ DQG HFRORJLFDO VWDWH�7KH GHVLJQ SURFHVV RI WKH
VWUXFWXUHV DVNV IRU DQ LQWHUDFWLYH DSSURDFK LQ ZKLFK GLIIHUHQW DVSHFWV �HFRQRPLFDO� HQJLQHHULQJ�
UHFUHDWLRQDO� VDIHW\ IRU IORRGLQJ� HFRORJ\� IURP GLIIHUHQW VWDNHKROGHUV FDQ EH FRPELQHG� )RU WKLV
SXUSRVH� IRU /DNH 0DUNHQ LQ WKH 1HWKHUODQGV� D PXOWLGLVFLSOLQDU\ FRXSOHG PRGHO H[LVWV� +RZHYHU�
GXH WR FXUUHQW ZDOO�FORFN WLPHV IRU VFHQDULR UXQV ZLWK WKH PRGHO� LQWHUDFWLYH VHVVLRQV �WKDW
FRPELQHV GUDZLQJ PHDVXUHV ZLWK FDOFXODWLRQV HIIHFWV ZLWK WKH PRGHO ZLWK VWDNHKROGHUV� DUH QRW
IHDVLEOH \HW�7KLV SRVWHU VKRZV UHVXOWV RI D UHVHDUFKSURMHFW E\ 'HOWDUHV� 685)VDUD� DQG &LQHFD
�SDUWO\ VSRQVRUHG E\ 35$&( � )3�� WR HQDEOH LQWHUDFWLYH VHVVLRQV ZLWK WKH PRGHO LQ WKH QHDU
IXWXUH�
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8QLYHUVLW\�RI�3HUXJLD��,WDO\

7�(�6�U�O���,WDO\

7�(�6�U�O���,WDO\

7�(�6�U�O���,WDO\
�
.(<:25'6��:$7(5�5(6285&(6�0$1$*(0(17��:(%�*,6��63$7,$/�'(&,6,21�6833257�6<67(0

7KH LVVXH RI ZDWHU UHVRXUFHV PDQDJHPHQW UHTXLUHV PRUH DSSURDFKHV LQ ZKLFK PXOWLSOH VNLOOV DQG
FDSDFLWLHV DUH QHVWHG WRJHWKHU �LQWHJUDWHG ZDWHU UHVRXUFHV PDQDJHPHQW SURFHVV�� HVSHFLDOO\ ZKHQ
FULWLFDO VLWXDWLRQV DUH WDNHQ LQWR DFFRXQW� VXFK DV� ODNH DUHDV DQG SRVVLEOH FOLPDWH FKDQJH
VFHQDULRV� 7KH YDULRXV GLVFLSOLQHV LQYROYHG DUH� FOLPDWRORJ\� PHWHRURORJ\� K\GURORJ\� HFRORJ\�
HQYLURQPHQWDO VFLHQFH� DJULFXOWXUDO VFLHQFH� ZDWHU UHVRXUFHV HQJLQHHULQJ� VRFLRHFRQRPLFV� ODZ DQG
SXEOLF SROLF\� ,Q WKLV FRQWH[W� 'HFLVLRQ 6XSSRUW 6\VWHPV �'66�� DSSOLHG WR WKH PDQDJHPHQW RI
ZDWHU UHVRXUFHV� SOD\ DQ HVVHQWLDO UROH VLQFH WKH\ PXVW DOORZ WKH GLIIHUHQW VWDNHKROGHUV DQG NQRZ�
KRZV LQYROYHG WR VXPPDUL]H UHVXOWV DQG SURGXFH GHFLVLRQV RQ D FRPPRQ DQG VKDUHG EDVLV� 7KH
LUULJDWLRQ ZDWHU XVH LV PRVW FRPPRQ DQG GHPDQGLQJ ZLWK UHVSHFW WR RWKHU XVHV DQG LW RIWHQ HQWHUV
LQ FRPSHWLWLRQ ZLWK RWKHU NLQG RI XVHV IRU WKH H[SORLWDWLRQ RI VXUIDFH ZDWHU� )RU WKLV UHDVRQ D '66
KDV EHHQ VWXGLHG WR VXSSRUW WKH PDQDJHPHQW RI ZDWHU ZLWKGUDZDOV� ZLWK SDUWLFXODU DWWHQWLRQ WR
LUULJDWLRQ XVH� 7KH +\GURJDWH 3URMHFW LV D VSDWLDO GHFLVLRQ VXSSRUW V\VWHP �6'66� GHYHORSHG E\ WKH
8QLYHUVLW\ RI 3HUXJLD DQG WKH 7�( 6�U�O�� ZKLFK LV FKDUDFWHUL]HG E\ WKH LQWHJUDWLRQ RI K\GURORJLFDO
PRGHOLQJ VFULSWV ZLWK WKH FDSDELOLWLHV RI D *,6 V\VWHP DOO PDGH DYDLODEOH YLD :(%� 6R� WKLV :(%�
EDVHG V\VWHP� XQGHU WKH FRQWURO RI DQ DGPLQLVWUDWRU� FDQ SURYLGH RQ WKH RQH KDQG WKH SRVVLELOLW\ WR
KDYH D FRPPRQ GDWDEDVH RI ZDWHU XVH DQG RQ WKH RWKHU� WKH SRVVLELOLW\ WR VKDUH� ZLWK DOO WKH
VWDNHKROGHUV� WKLV GDWD� UHVXOWV� DQDO\VLV WRROV DQG *,6 LQWHJUDWLRQ WR EHWWHU DVVHVV WKH DYDLODEOH
ZDWHU�GXULQJ�WKH�GHFLVLRQ�PDNLQJ�SURFHVV�
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8QLYHUVLW\�RI�6WLUOLQJ��8.

8QLYHUVLW\�RI�6WLUOLQJ��8.

8QLYHUVLW\�RI�6WLUOLQJ��8.

8QLYHUVLW\�RI�6WLUOLQJ��8.
�
.(<:25'6��0$&523+<7(6��&211(&7,9,7<��/$1'6&$3(

0DFURSK\WHV �DTXDWLF SODQWV� SOD\ D YHU\ LPSRUWDQW UROH LQ PDLQWDLQLQJ HFRV\VWHP VWUXFWXUH DQG
IXQFWLRQ LQ ODNHV� +RZHYHU� LQFUHDVLQJ KXPDQ PRGLILFDWLRQ WR ODNHV DQG FDWFKPHQW KDV OHG WR
LQFUHDVHG HXWURSKLFDWLRQ DQG FRQVHTXHQWO\ WKH GHJUDGDWLRQ RI PDFURSK\WH FRPPXQLWLHV KDV
EHFRPH D FRPPRQ SKHQRPHQRQ WKURXJKRXW WKH ZRUOG� 7KH FRQWUROV RQ PDFURSK\WH GLYHUVLW\ DUH
KRZHYHU FRPSOH[ DQG UHFHQW UHVHDUFK KDV VKRZQ WKDW WKH ODNH�VFDOH LPSDFWV RI SURFHVVHV VXFK DV
HXWURSKLFDWLRQ FDQ EH FRQVWUDLQHG DQG VKDSHG E\ ODQGVFDSH�VFDOH IDFWRUV VXFK DV ODNH
FRQQHFWLYLW\� 7KH DLPV RI WKLV VWXG\ ZHUH WR� ��� GHWHUPLQH WKH UHODWLRQVKLS EHWZHHQ ODNH ODQGVFDSH
SRVLWLRQ DQG PDFURSK\WH VSHFLHV ULFKQHVV� DQG ��� LQYHVWLJDWH WKH LQWHUDFWLRQ EHWZHHQ
GHWHUPLQDQWV RI PDFURSK\WH GLYHUVLW\ DW WKH ODNH�VFDOH �H�J� ZDWHU TXDOLW\� DQG ODQGVFDSH�VFDOH
�FRQQHFWLYLW\ DQG GLYHUVLW\�� :H XVHG ORQJ�WHUP PDFURSK\WH DQG SK\VLFRFKHPLFDO PRQLWRULQJ GDWD
IURP ��� 8. ODNHV DQG LQYHVWLJDWHG WKH UHODWLRQVKLSV DQG LQWHUDFWLRQV ZLWK ODQGVFDSH YDULDEOHV
GHYHORSHG LQ *,6 XVLQJ PL[HG HIIHFW PRGHOV� 7KH SUHOLPLQDU\ UHVXOWV VXJJHVW WKDW WKH ORFDWLRQ RI
WKH ODNH ZLWKLQ WKH ZLGHU ODQGVFDSH DQG FDWFKPHQW LQIOXHQFHV PDFURSK\WH ULFKQHVV DQG WKDW ZKLOH
ODNH�VFDOH IDFWRUV VXFK QXWULHQW DYDLODELOLW\ DUH WKH SUHGRPLQDQW FRQWUROV RQ PDFURSK\WH GLYHUVLW\
WKHVH UHODWLRQVKLSV DUH WKHPVHOYHV LQIOXHQFHG E\ K\GURORJLFDO FRQQHFWLYLW\ DQG ODQGVFDSH GLYHUVLW\�
,PSURYLQJ RXU XQGHUVWDQGLQJ WKHVH FRPSOH[ LQWHUDFWLRQV LV LPSRUWDQW IRU WKH UHVWRUDWLRQ DQG
PDLQWHQDQFH�RI�ODNH�HFR�PDFURSK\WH�V\VWHP�VHUYLFHV�
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1D]DUED\HY�8QLYHUVLW\�5HVHDUFK�DQG�,QQRYDWLRQ�V\VWHP��.D]DNKVWDQ�

1D]DUED\HY�8QLYHUVLW\�5HVHDUFK�DQG�,QQRYDWLRQ�6\VWHP��.D]DNKVWDQ

1D]DUED\HY�8QLYHUVLW\�5HVHDUFK�DQG�,QQRYDWLRQ�6\VWHP��.D]DNKVWDQ
�
.(<:25'6��*,6��5(027(�6(16,1*��:$7(5�%$/$1&(

7KH %XUDED\ 1DWLRQDO 3DUN �%13� LV ORFDWHG LQ WKH 1RUWK RI .D]DNKVWDQ ZLWKLQ WKH ZDWHUVKHG RI WKH
(VLO ULYHU EDVLQ� ZKLFK LQ WXUQ LV WKH SDUW RI D ELJ 2E ULYHU EDVLQ� 7KH ZKROH ODNH V\VWHP LV ERXQGHG
ZLWKLQ ������ � ������1 DQG ������ � ������( DQG DW DQ DYHUDJH DOWLWXGH RI DURXQG ��� PHWHU
DERYH VHD OHYHO� 7KH DUHD LV FKDUDFWHUL]HG E\ VWURQJ FRQWLQHQWDO FOLPDWH ZLWK DQ DYHUDJH DQQXDO
UDLQIDOO RI ��� PP DQG HYDSRUDWLRQ UDWHV RI ������� PP� 5HPRWH VHQVLQJ WHFKQLTXHV KDYH EHHQ
ZLGHO\ XVHG WR VWXG\ FRPSRQHQWV RI K\GURORJLFDO F\FOH LQ GLIIHUHQW JHRJUDSKLFDO ORFDWLRQV�
+RZHYHU� QR FRPSUHKHQVLYH ZRUN KDV EHHQ GRQH WR VWXG\ ODNH V\VWHPV LQ VWURQJO\ FRQWLQHQWDO
FOLPDWHV ZLWK PHDQ DQQXDO WHPSHUDWXUH GLIIHUHQFH RI DURXQG ��R & XVLQJ *,6 DQG 5HPRWH
6HQVLQJ� 7KLV VWXG\ LQWHQGV WR DVVLPLODWH GDWD XVLQJ 5HPRWH 6HQVLQJ WHFKQLTXHV DQG XWLOL]H *,6 DV
D SODWIRUP IRU EXLOGLQJ 'HFLVLRQ 6XSSRUW 6\VWHP IRU VXVWDLQDEOH ODNH PDQDJHPHQW XQGHU
FRQWLQHQWDO�FOLPDWH�FRQGLWLRQV�
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8QLYHUVLW\�RI�3HUXJLD��,WDO\

8QLYHUVLWj�1LFFROz�&XVDQR��,WDO\

&,3/$���&HQWUR�8QLYHUVLWDULR�SHU�O¶$PELHQWH��,WDO\
�
.(<:25'6��8$9�021,725,1*�6<67(0��5(027(�6(16,1*��*,6

3KRWRJUDPPHWULF DQG UHPRWH VHQVLQJ PHWKRGV EDVHG RQ PLFUR�8$9 �8QPDQQHG $HULDO 9HKLFOHV�
DUH QRZDGD\V LQWHUHVWLQJ� $Q RSWLPDO XVH GHDOV ZLWK� L� WKH PRQLWRULQJ RI HQYLURQPHQWDO SDUDPHWHUV
GHVFULELQJ ZDWHU TXDOLW\ RI LQODQG ZDWHUV� LL� WKH LQWHJUDWLRQ RI XVXDO OLPQRORJLFDO LQYHVWLJDWLRQV�
7KHVH SHUIRUPDQFHV DUH GXH WR WKH PLFUR�8$9 SRUWDELOLW\ DQG FRQWUROODELOLW\� WR LWV FRVWV ORZHU WKDQ
WUDGLWLRQDO UHPRWH VHQVLQJ DQG WR WHFKQRORJLFDO SURJUHVV LQ VHQVRUV PLQLDWXUL]LQJ� 7KH DOPRVW
FRQVROLGDWHG *,6 WHFKQRORJ\ DOORZV WKH LQWHJUDWLRQ EHWZHHQ 8$9 LQIRUPDWLRQ DQG WKH RQH REWDLQHG
E\ RWKHUV UHPRWH VHQVLQJ V\VWHPV �VDWHOOLWH LPDJHV� YHFWRULDO PDSV� '(0�� 7KLV LQWHJUDWHG XVH
DOORZV WKH UHDOL]DWLRQ RI D VSDWLDO FRQWUROOLQJ V\VWHP ILQDOL]HG WR WKH PRQLWRULQJ RI HQYLURQPHQWDO
SDUDPHWHUV DQG WKHLU VSDFH�WLPH YDULDWLRQ� 7KLV SDSHU GHDOV ZLWK WKH SRWHQWLDOLW\ RI XVLQJ KLJK
UHVROXWLRQ LPDJH GDWD DFTXLUHG E\ PLFUR�8$9 65�6)� �PXOWL�URWRU SURSHOOHUV 972/ � 6LUDODE
5RERWLFV V�U�O�� LQ RUGHU WR DQDO\]H RQ D WHPSRUDO DQG VSDWLDO VFDOH WKH H[WHQVLRQ RI UHG EHGV
�&RPPRQ 5HHG� ORFDOL]HG LQ WKH VRXWK RI 7UDVLPHQR /DNH� 7KH &RPPRQ 5HHG LQIOXHQFHV
FRQVLGHUDEO\ WKH HFRORJLFDO EDODQFH RI WKH /DNH� ,QGHHG WKH HSLSK\WLF PLFURRUJDQLVPV LQ WKH
VXEPHUJHG SDUW FRQWULEXWH ERWK WR WKH PHWDEROLVP RI QXWULHQWV DQG WKH NLOOLQJ RI EDFWHULD� 0RUHRYHU
WKH &RPPRQ 5HHG DIIHFWV WKH HYDSRWUDQVSLUDWLRQ OHYHOV UHSUHVHQWLQJ D VLJQLILFDQW FRQWULEXWLRQ WR
WKH /DNH ZDWHU EDODQFH� 7KH XVH RI UHPRWH VHQVLQJ WHFKQLTXHV IRU HQYLURQPHQWDO SDUDPHWHUV
PRQLWRULQJ DQG FRQWURO LV LQ DFFRUGDQFH ZLWK WKH JRDOV RI :DWHU )UDPHZRUN 'LUHFWLYH ���������(&��
,Q WKLV ZD\ WKH PLFUR�8$9 65�6)� PRQLWRULQJ V\VWHP LV UHVXOWHG H[WUHPHO\ RSHUDWLYH LQ WHUPV RI
UHVROXWLRQ��DFFXUDF\��UHOLDELOLW\��SRUWDELOLW\�DQG�FRVWV�
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8QLYHUVLW\�IRU�)RUHLJQHUV�RI�3HUXJLD��,WDO\

&XVDQR�8QLYHUVLW\��,WDO\

8QLYHUVLW\�RI�3HUXJLD��,WDO\
�
.(<:25'6��'$0�%5($.��5,6.�$1$/,6<6��*,6

7KH DEVWUDFW SUHVHQWV D �GLPHQVLRQDO XQVWHDG\IORZ PRGHO� EDVHG RQ 1DYLHU 6WRNHV HTXDWLRQV
DSSOLHG WR GDP EUHDN IORZ � )ORRG GLVDVWHUV FDXVH PDVVLYH ORVV RI KXPDQ OLYHV DQG LPPHQVH
GDPDJH WR WKH LQIUDVWUXFWXUH DQG HFRQRPLF DFWLYLWLHV DOO RYHU WKH ZRUOG� 7KH QXPHULFDO VLPXODWLRQ RI
GDP�EUHDN SUREOHPV FRXOG EH DFFRPSOLVKHG ZLWK JHRJUDSKLF LQIRUPDWLRQ V\VWHPV DQG LQQRYDWLRQ
PDSV� 6SUHDG RI WKH IORRG ZDYH DIWHU D GDP EUHDN FDQ EH SUHGLFWHG XVLQJ WKHVH HQDEOLQJ
WHFKQRORJLHV� 7KLV NLQG RI DGYDQFHG PRGHOOLQJ WHFKQRORJ\ LV EHFRPLQJ DQ LQHYLWDEOH WRRO IRU WKH
GHFLVLRQ�PDNLQJ SURFHVV� $ FDVH VWXG\ LV SUHVHQWHG RI WKH 0DOSDVVHW �)UDQFH� DUFK GDP )DLOXUH
RI ����� 7KH 0DOSDVVHW GDP�EUHDN LV D XQLTXH H[DPSOH RI WKH WRWDO IDLOXUH RI DQ DUFK GDP� $V D
WRWDO IDLOXUH DVVXPSWLRQ LW LV WKXV D UDUH RSSRUWXQLW\ IRU YDOLGDWLQJ K\GUDXOLF PRGHOOLQJ� 8VLQJ *,6
WHFKQLTXHV DQG K\GUDXOLF PRGHOOLQJ� SRVVLEOH HIIHFWV DQG GDPDJH RI D GDP�EUHDN IORRG KDYH EHHQ
LQYHVWLJDWHG�DQG�UHVXOWV�ZHUH�VLPXODWHG�WR�VKRZ�VLJQLILFDQW�GDP�EUHDN�HIIHFWV�

35(6(17$7,21�7<3(��25$/
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06�����6�6SHFLDO�6HVVLRQ���*,6�EDVHG�PRGHOOLQJ�DQG�PDSSLQJ�LQ�OLPQRORJ\�DQG�K\GURORJ\

8QLYHUVLW\�IRU�)RUHLJQHUV�RI�3HUXJLD��,WDO\

8QLYHUVLW\�IRU�)RUHLJQHUV�RI�3HUXJLD��,WDO\

8QLYHUVLW\�IRU�)RUHLJQHUV�RI�3HUXJLD��,WDO\

8QLYHUVLW\�IRU�)RUHLJQHUV�RI�3HUXJLD��,WDO\
�
.(<:25'6��/$.(6��*,6��'$7$%$6(

/DNHV DUH LPSRUWDQW EHFDXVH RI WKH ZDWHU UHVRXUFHV DQG WKH QDWXUDOLVWLF HFRELRORJLFDO SURSHUWLHV�
EXW DOVR EHFDXVH WKH KLVWRULFDO� FXOWXUDO DQG VRFLR�HFRQRPLFDO IUDPHZRUN FRQQHFWHG WR WKH
ODFXVWULDO VHWWLQJ� 1DWXUDO DQG VRFLR�HFRQRPLF LQIRUPDWLRQ UHSUHVHQW D PXOWLGLVFLSOLQDU\
KHWHURJHQHRXV LQIRUPDWLRQ IUDPHZRUN WKDW FDQ EH HIIHFWLYHO\ PDQDJHG� LQ D IDVW DQG SRZHUIXO ZD\�
RQO\ XVLQJ *HRJUDSKLF ,QIRUPDWLRQ 6\VWHPV �*,6�� 7KH XVH RI *,6 GDWD DQG WRROV IRU ODNH
LQIRUPDWLRQ PDQDJHPHQW� DOORZV ZDWHU PDQDJHPHQW DXWKRULWLHV� GHFLVLRQ PDNHUV DQG VFLHQWLVWV WR
REWDLQ ERWK DGPLQLVWUDWLYH LQIRUPDWLRQ� DQG K\GUR�PRUSKRPHWULF SDUDPHWHUV XVHIXO WR WKH
XQGHUVWDQGLQJ DQG SODQQLQJ RI DFWXDO YHUVXV H[WUHPH VKRUW�WR�ORQJ�WHUP VFHQDULRV LQ RUGHU WR
DVVHVV DQG SUHVHUYH WKH TXDQWLWDWLYH DQG TXDOLWDWLYH SURSHUWLHV RI ODFXVWULDO KDELWDWV� ,Q WKLV ZRUN� D
GDWDEDVH RI WKH ,WDOLDQ ODNHV KDV EHHQ GHYHORSHG� ERXQGHG WR WKH ,WDOLDQ DGPLQLVWUDWLYH OLPLWV
�5HJLRQV� 3URYLQFHV� 0XQLFLSDOLWLHV�� DV D IXQFWLRQ RI WKH K\GURORJLF DQG PRUSKRORJLF SURSHUWLHV RI
WKH ZDWHU FDWFKPHQWV� ,Q SDUWLFXODU� VRPH LQGLFDWRUV WKDW UHODWH WKH JHRPHWU\ RI WKH ODNH DQG WKH
UHODWLYH DXWKRULWLHV ZHUH LQWURGXFHG� DOVR EDVLQ K\GUR�PRUSKRPHWULF SDUDPHWHUV DUH H[WUDFWHG XVLQJ
'(0�EDVHG WHUUDLQ DQDO\VLV DOJRULWKPV DQG LQWHJUDWHG LQ WKH *,6 DGPLQLVWUDWLYH GDWDEDVH� JLYLQJ
ELUWK�WR�WKH�ILUVW�LQWHJUDWHG�DGPLQLVWUDWLYH�DQG�K\GURJHRPRUSKLF�*,6�GDWDEDVH�RI�,WDOLDQ�ODNHV�

35(6(17$7,21�7<3(��25$/
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'HSDUWPHQW�RI�%LRORJ\��8QLYHUVLW\�RI�3DWUDV��*UHHFH�

'HSDUWPHQW�RI�%LRORJ\��8QLYHUVLW\�RI�3DWUDV��*UHHFH�

'HSDUWPHQW�RI�%LRORJ\��8QLYHUVLW\�RI�3DWUDV��*UHHFH�
�
.(<:25'6��:$7(5�/(9(/�)/8&78$7,216��/$1'�&29(5�86(�&+$1*(6��/$1'6&$3(�0(75,&6��:$7(5�48$/,7<

,Q WKLV DUWLFOH ZH H[DPLQHG WKH VSDWLRWHPSRUDO G\QDPLFV RI ODQG FRYHU�XVHV DQG WKH ODQGVFDSH
VWUXFWXUH ZLWKLQ WKH 1DWXUD ���� DUHD RI ODNHV 9HJRULWLV DQG 3HWURQ� ORFDWHG LQ QRUWKHUQ *UHHFH�
/$1'6$7 LPDJHV ZHUH DVVHPEOHG IRU FODVVLILFDWLRQ RI ODQG FRYHU�XVHV LQ D EXIIHU ]RQH GHILQHG E\
WKH 1DWXUD ���� ERXQGDULHV� /DQGVFDSH PHWULFV ZHUH FDOFXODWHG ZLWK )5$*67$76 IURP SDWFKHV
RI ODQG FRYHU WR TXDQWLI\ WKH ODQGVFDSH FKDQJHV� &OLPDWH GDWD DQG WHPSRUDO VHULHV RI ZDWHU OHYHO�
FRQGXFWLYLW\ DQG FKORULGH ZHUH DQDO\]HG IRU UHODWLRQVKLSV EHWZHHQ FOLPDWH YDULDELOLW\� K\GURORJ\ DQG
ZDWHU TXDOLW\� 7KH UHVXOWV VKRZHG WKDW EHWZHHQ ���� DQG ���� DOPRVW ��� RI WKH ODNH 9HJRULWLV
DQG ��� RI ODNH 3HWURQ ZHUH UHSODFHG E\ FXOWLYDWLRQV DQG UHHG EHGV� 6LQFH ���� D VPDOO ZDWHU
OHYHO LQFUHDVH DOORZHG WKH IRUPDWLRQ RI UHHG EHGV DQG PDFURSK\WH DVVHPEODJHV LQ WKH OLWWRUDO ]RQH�
7KH ODQGVFDSH ZDV FKDUDFWHUL]HG E\ KLJK IUDJPHQWDWLRQ LQGLFDWLQJ D KHWHURJHQHRXV VSDWLDO SDWWHUQ
DQG GHJUDGDWLRQ RI WKH UXUDO KDELWDWV� )XUWKHUPRUH� SUHFLSLWDWLRQ DSSHDUHG WR IROORZ D GHFOLQLQJ
WUHQG ZKLFK FRUUHODWHG ZLWK WKH ZDWHU OHYHO� :DWHU OHYHO ZDV FRUUHODWHG ZLWK WKH FRQGXFWLYLW\ DQG
FKORULGH LQGLFDWLQJ DQ HIIHFW RI WKH ZDWHU ORVV RQ WKH ZDWHU TXDOLW\� 2YHUDOO� WKH UHVHDUFK VXJJHVWHG
D FRPELQHG HIIHFW RI FOLPDWH DQG ODQG FRYHU�XVH FKDQJHV RQ WKH ODNHV HFRORJ\� 7KH UHVXOWV RI WKLV
VWXG\ XQGHUOLQH WKH LPSRUWDQFH IRU WKH LPSOHPHQWDWLRQ RI D ZDWHU PDQDJHPHQW SODQ ZKLFK LQFOXGHV
VSHFLILF�DFWLRQV�WDUJHWHG�RQ�VXVWDLQDEOH�DJULFXOWXUH�SROLFLHV�

35(6(17$7,21�7<3(��3267(5
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8QLYHUVLW\�IRU�)RUHLJQHUV�RI�3HUXJLD��,WDO\

8QLYHUVLW\�IRU�)RUHLJQHUV�RI�3HUXJLD��,WDO\

7XVFLD�8QLYHUVLW\�RI�9LWHUER��,WDO\
�
.(<:25'6��*,6��7(55$,1�$1$/<6,6��,1/$1'�:$7(56

7KLV ZRUN SUHVHQWV WKH UHVXOWV RI WKH DSSOLFDWLRQ RI *,6 IRU WKH K\GURJHRPRUSKLF FKDUDFWHUL]DWLRQ RI
LQODQG ZDWHUV RQ WKH ,WDOLDQ WHUULWRU\� 7KH PDMRU ,WDOLDQ ZDWHUVKHGV DUH DQDO\]HG XVLQJ 'LJLWDO
(OHYDWLRQ 0RGHOV �'(0V� DQG WHUUDLQ DQDO\VLV WRROV IRU H[WUDFWLQJ WKH PDLQ K\GURORJLF DQG
JHRPRUSKLF IHDWXUHV �ULYHU�ODNH EDVLQV� QHWZRUNV DQG YDOOH\V�� ,Q SDUWLFXODU� WKH *,6 FDSDELOLWLHV RI
DXWRPDWLFDOO\ H[WUDSRODWLQJ DFFXUDWH JHRPHWULF �DUHD� YROXPH� GHSWK� LQIRUPDWLRQ IURP GLJLWDO
WRSRJUDSKLF GDWD DQG WKH LPSDFW RI WKH '(0 UHVROXWLRQ DQG SUHFLVLRQ DUH HYDOXDWHG E\ XVLQJ
GLIIHUHQW '(0 GDWDVHWV DQG LQ SDUWLFXODU WKH JOREDO FRYHUDJH RI WKH 1$6$ 6570 ��P '(0 DV
UHVSHFW�WR�WKH�KLJK�UHVROXWLRQ�/,'$5�DQG�,1*9�'(0V�UHVSHFWLYHO\�DW��P�DQG���P�UHVROXWLRQ�
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6KLJD�3UHIHFWXUH��-DSDQ�
�
.(<:25'6��%,2',9(56,7<��38%/,&�,192/9(0(17��/2&$/�&+$5$&7(5,67,&6

%LRGLYHUVLW\ VXSSRUWV OLIH DQG OLYHOLKRRG WKURXJK SURYLGLQJ D YDULHW\ RI EHQHILWV� )RU H[DPSOH� LW
SURGXFHV SURGXFWV VXFK DV IRRG DQG WLPEHU� FXOWLYDWHV FXOWXUH WKDW LV URRWHG LQ WKH ORFDO FOLPDWH�
DQG SUHYHQWV RU UHGXFHV QDWXUDO GLVDVWHUV� ,Q WKDW VHQVH� ZH FDQ OLYH RXU OLYHV VDIHO\ DQG SHDFHIXOO\
WKDQNV WR ELRGLYHUVLW\� :H VWDUWHG SODQQLQJ 7KH /RFDO %LRGLYHUVLW\ 6WUDWHJ\ RI 6KLJD LQ ���� DV D
EDVLF VWUDWHJ\ IRU WKH FRQVHUYDWLRQ DQG VXVWDLQDEOH XVH RI ELRGLYHUVLW\ WR PDLQWDLQ WKH HFRV\VWHP
VHUYLFH IRU IXWXUH JHQHUDWLRQV� 7KH &RQYHQWLRQ RQ %LRORJLFDO 'LYHUVLW\ SRLQWV RXW WKH QHHG RI WKH
VWUDWHJ\ LQ WKH VL[WK DUWLFOH� 7KRXJK ELRGLYHUVLW\ QHHGV WR EH FRQVLGHUHG IURP WKH JOREDO SRLQW RI
YLHZ� WKH ORFDO ELRGLYHUVLW\ VWUDWHJ\ LV DOVR LPSRUWDQW LQ WKDW� LW LV EDVHG RQ WKH QDWXUDO DQG VRFLDO
FKDUDFWHULVWLFV RI WKH ORFDOLW\ EHFDXVH HDFK ORFDOLW\ KDV LWV RZQ FKDUDFWHULVWLFV� 6KLJD KDV VSHFLILF
QDWXUDO FKDUDFWHULVWLFV VXFK DV KDYLQJ /DNH %LZD LQ WKH FHQWHU� 2Q WKH RWKHU KDQG� LQ UHJDUGV WR
VRFLDO FKDUDFWHULVWLFV� ZH DUH NHHSLQJ FORVH UHODWLRQVKLSV ZLWK QDWXUH LQ RXU OLYHOLKRRGV� ,W LV RQO\ LQ
HDFK ORFDOLW\ WKDW ZH VWRFN WUDGLWLRQDO NQRZOHGJH DERXW WKH XVH RI QDWXUH LQ RXU GDLO\ OLYHV� VXFK DV
PHDOV� SOD\ DQG IHVWLYDOV� :H VHW XS �� ZRUNLQJ JURXSV� VXFK DV �FRQVHUYDWLRQ RI UDUH VSHFLHV�� �
PDQDJHPHQW RI LQYDVLYH VSHFLHV�� �WRXULVP� DQG �FXOWXUH DQG WUDGLWLRQDO KDQGLZRUNV�� LQ ZKLFK ZH
GLVFXVVHG DERXW WKH SUHVHQW FRQGLWLRQ DQG SUREOHPV RI WKH ORFDO ELRGLYHUVLW\ ZLWK SXEOLF
LQYROYHPHQW� 7KH QXPEHU RI SDUWLFLSDQWV UHDFKHG ��� ,W LV XQLTXH WR 6KLJD WKDW WKH SURFHVV LWVHOI RI
SODQQLQJ WKH VWUDWHJ\ PDNHV WKH PRVW RI KXPDQ UHVRXUFHV LQ WKH ORFDOLW\� 7KH ORFDO ELRGLYHUVLW\
VWUDWHJLHV WHQG WR EH XQLIRUP IROORZLQJ WKH QDWLRQDO ELRGLYHUVLW\ VWUDWHJ\� %XW ZH KDYH VXFFHVVIXOO\
EHHQ�SODQQLQJ�WR�EH�XQLTXH�E\�ORRNLQJ�DW�WKH�ORFDO�FKDUDFWHULVWLFV�DJDLQ�ZLWK�SXEOLF�LQYROYHPHQW�
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8QLYHUVLW\�IRU�)RUHLJQHUV�RI�3HUXJLD��,WDO\

8QLYHUVLW\�IRU�)RUHLJQHUV�RI�3HUXJLD��,WDO\
�
.(<:25'6��/$.(6&$3(��1$55$7,9(��6(0,27,&6��9,68$/�5+(725,&

/DNHV KDYH KDG VHYHUDO UHSUHVHQWDWLRQV LQ WKH ZRUOG RI DUW� ILOP DQG OLWHUDWXUH� ZKLFK KDYH RIWHQ
KHOSHG WR FUHDWH DQ ³LPDJLQDU\´ ZKHUH ODNHV DUH� IURP WLPH WR WLPH� D SODFH RI UHIOHFWLRQ DQG D
SDXVH LQ QDUUDWLRQ RU� FRQYHUVHO\� D SODFH RI DFWLRQ� 0RUH RIWHQ ODNHV DUH P\VWHULRXV DQG PDJLF
SODFHV� %XW ZKDW DERXW WKH UHSUHVHQWDWLRQV RI ODNHV LQ MRXUQDOLVWLF VSHHFK" 7KH VSHHFK RI
QHZVSDSHU VXSSRUWV DQG SRLQWV RXW WKH P\VWHULRXV FKDUP RU LW SURYLGHV D PRUH GHWDFKHG YLVLRQ�
ZKLFK FDQ UDQJH IURP D VFLHQWLILF DSSURDFK �H�J� LQVHUWV GHGLFDWHG WR VFLHQFH DQG QHZ
WHFKQRORJLHV� WR PRUH QDUUDWLYH VW\OH RI WKH QHZV VWRU\ DQG UHSRUWDJHV �LQ VRPH FDVHV PHUJLQJ
WKHP LQ WKH SDJHV GHYRWHG WR WKH SURPRWLRQ RI WRXULVP�� 7KLV SDSHU LQYHVWLJDWHV WKH MRXUQDOLVWLF
UHSUHVHQWDWLRQV WKDW QHZVSDSHUV JLYH WR WKH UHDGHUV DERXW WKH ,WDOLDQ ODNHV� IRFXVLQJ LQ SDUWLFXODU
RQ D FDVH VWXG\ � WKH ODNH 7UDVLPHQR� 6WDUWLQJ IRUP DQ HPSLULFDO PHWKRGRORJ\ RI WH[WXDO UHVHDUFK
DQG IURP WKH HVWDEOLVKPHQW RI DQ KRPRJHQHRXV VDPSOH RI WH[WV ± VWUDWLILHG DFFRUGLQJ WR WKH
YDULRXV VHFWLRQV DQG FKDUDFWHUL]DWLRQV �QDWLRQDO RU ORFDO� RI ,WDOLDQ QHZVSDSHUV ± WKLV SDSHU
DQDO\]HV $� WKH SURFHVVHV RI ³WKHPLQJ´ UHODWHG WR WKH ODNHVFDSHV �OH[LFDO DQG YLVXDO LVRWRSLF
FKDLQV�� %� HQXQFLDWLYH VWUDWHJLHV XVHG E\ MRXUQDOLVWLF GLVFRXUVHV WR FRQVWUXFW WKHLU UHSUHVHQWDWLRQV
RI ODNHVFDSHV� &� QDUUDWLYH VWUDWHJLHV XVHG WR DVVLJQ D UROH WR WKH ODNH LQ WKH SORW� FKDUDFWHUL]LQJ LW
DV D WKHDWHU RI DFWLRQ� 7KLV SDSHU DLPV WR SURYLGH D WD[RQRP\ RI WKH LPDJLQDU\ DURXQG WKH ODNHV�
WU\LQJ WR GHILQH SRVVLEOH FRQWH[WXDO ODEHOV DVVRFLDWHG WR LW �VFKHPDWD� DQG WKH DFWLRQV WKDW UHDGHUV
FRQVLGHU FRQVLVWHQW RU OLNHO\ ZLWKLQ WKHVH �VFULSWV� � 7KH PHWKRGRORJ\ RI WKH DQDO\VLV IRFXVHV RQ
VHPLRWLF DSSURDFK WKDW UDQJHV IURP FODVVLFDO WKHRULHV RQ QDUUDWLYH SURFHVVHV �*UHLPDV � *HQHWWH�
WR�FRJQLWLYH�VWXGLHV�RQ�SORWWLQJ�DQG�QDUUDWLRQ���%UXQHU��+HUPDQ���7XUQHU���
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8QLYHUVLW\�RI�3HUXJLD��,WDO\
�
.(<:25'6��(19,5210(17$/�+,6725<��+,6725<�2)�&$17,&86��0(7+2'2/2*<

, ZRXOG SUHVHQW WKH PHWKRG WKDW WKH UHVHDUFK JURXS +LVWRU\ RI &$17,&86 DSSOLHG WR HQYLURQPHQWDO
KLVWRU\ DQG WR WKH FDVH�VWXG\ /DJR 7UDVLPHQR� :LWK UHIHUHQFH WR WKH PRVW XSGDWHG VFKRODUO\
SURSRVDOV� ZH EHOLHYH WKDW ZH FDQQRW VWXG\ HQYLURQPHQW RQO\ DV D QDWXUDO REMHFW� EHFDXVH WKH
HQYLURQPHQW LV D FXOWXUDO� VRFLDO DQG KLVWRULFDO SURGXFW� $OO RYHU WKH FHQWXULHV DQG LQ GLIIHUHQW
DQWKURSRORJLFDO FRQWH[WV� KXPDQ EHLQJV HODERUDWHG YHU\ GLIIHUHQW LGHDV RI µQDWXUH¶ DQG µFXOWXUH¶ DQG
WKHVH WHUPV KDYH EHHQ VRPHWLPHV LQ FRQIOLFW DQG VRPHWLPHV QRW� 6R KLVWRU\ FDQ EH D JRRG
SODWIRUP WR VWXG\ WKH QH[XV EHWZHHQ DOO WKH IDFHWV RI VRFLHW\ DQG VFLHQWLILF GLVFLSOLQHV �VXFK DV
SROLWLFDO WKRXJKW� HFRQRPLF KLVWRU\� DQWKURSRORJ\� ELRORJ\� ODZ DQG HFRQRP\«� DQG WR ILQG DQ
DQVZHU WR WKH PDMRU LVVXHV DERXW VXVWDLQDEOH JURZWK DQG HQYLURQPHQW LQ WKH FRQWHPSRUDU\ ZRUOG�
7KHUH LV DQRWKHU PHWKRGRORJLFDO LVVXH VWULFWO\ SHUWDLQLQJ WR KLVWRU\� SHULRGL]DWLRQ� 7KH PDQ\
VSHFLDOL]DWLRQV RI WKLV GLVFLSOLQH DUH FKDUDFWHUL]HG E\ WKHLU RZQ UK\WKP RI WLPH� ,Q RWKHU ZRUGV�
KLVWRU\ KDV PDQ\ NLQGV RI EUHDGWK� PRUH RU OHVV ZLGH� :LWK UHJDUG WR KLVWRU\ RI QDWXUH�
HQYLURQPHQWDO KLVWRU\ KDV EHHQ IRFXVHG RQO\ RQ ORQJ WHUP SKHQRPHQD� EHFDXVH QDWXUH FKDQJHV
YHU\ VORZO\� +RZHYHU� ZKHQ HQYLURQPHQWDO KLVWRU\ PHHWV PDQ� WKH WLPH SHUVSHFWLYH VKRXOG EH
GLIIHUHQW� WKH DFWLRQ RI PDQ RQ QDWXUH FDQ EH H[SODLQHG RQO\ LI ZH ILQG D PL[ EHWZHHQ WKH WLPH RI
QDWXUH�DQG�WKH�WLPH�RI�PDQ���
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9R[WHFD���8QLYHUVLW\�IRU�)RUHLJQHUV�RI�3HUXJLD��,WDO\

9R[WHFD���8QLYHUVLW\�IRU�)RUHLJQHUV�RI�3HUXJLD��,WDO\

$//,���8QLYHUVLW\�RI�3HUXJLD��,WDO\
�
.(<:25'6��,7$/,$16�/$.(6��*(2/,1*8,67,&�$1'�(7+12/,1*8,67,&�352-(&7��7+(�/,1*8,67,&�,7$/,$1�/$.(6�$7/$6�

7KH /LQJXLVWLF ,WDOLDQ /DNHV $WODV LV D JHROLQJXLVWLF DQG HWKQROLQJXLVWLF SURMHFW ZLWK WKH DLP RI
FROOHFWLRQ� GRFXPHQWDU\ UHVHDUFK DQG VWXG\ RI OLIH� KLVWRU\ DQG ODQJXDJH RI WKH FRPPXQLWLHV OLYHG
E\ LWDOLDQ LQODQG ZDWHUV� )LUVW LQYHVWLJDWLRQV ZDV FDUULHG RXW LQ 8PEULD GXULQJ WKH VHYHQWLHV E\ WKH
SURMHFW FUHDWRU SURI� *LRYDQQL 0RUHWWL� DOORZHG WR GHYHORS QHZ LQVWUXPHQWV DQG PHWKRGV IRU
FROOHFWLRQ DQG UHVHDUFK� 7KH OLQJXLVWLF DQG HWKQROLQJXLVWLF UDZ PDWHULDOV� RUJDQL]HG LQ �� SRLQWV RI
LQYHVWLJDWLRQ LQ WKH LWDOLDQ DUHDO� KDYH EHHQ H[DPLQDWHG XQGHU GLIIHUHQW REVHUYDWLRQ SRLQWV E\
OLQJXLVWLFV� DQWKURSRORJLVWV� KLVWRULDQV� DUFKDHRORJLVWV� DQG UHVHDUFKHUV LQWHUHVWHG WR LQYHVWLJDWH RQ
ZDWHU UHODWHG WRSLFV LQFOXGLQJ WKH PDQ�ZDWHU UHODWLRQ� )LIW\ SXEOLFDWLRQV� DFKLHYHG GXULQJ WKH
SURMHFW� KDYH FRQWLEXWHG WR ILOO VRPH JDSV LQ WKH KLVWRU\ RI LWDOLDQ OLQJXLVWLF VWXGLHV� 7KHUHIRUH� QHZ
LQWHU�GLVFLSOLQDU\ FXUULFXODV KDYH RSHQHG� LQ D ILHOG RI H[SHULHQFH FRPSRVHG RI SURGXFWLYH DQG
WHUPLQRORJLFDO VHFWRUV� XQWLO WKDW PRPHQW WKUHDWHQHG E\ SURIRXQG WUDQVIRUPDWLRQV� 7KH $//, SURMHFW
ZDV RIILFLDOO\ ERUQ LQ ���� GXULQJ WKH ILUVW FRQIHUHQFH WKDW WRRN SODFH DW &DVWLJOLRQH GHO /DJR�
3DVVLJQDQR HQWLWOHG �/DQJXDJH� KLVWRU\ DQG OLIH RI LWDOLDQ ODNHV�� DW WKH GRFXPHQWDU\ UHVHDFK
FHQWHUV LQ ODNH 7UDVLPHQR �6DQ )HOLFLDQR GL 0DJLRQH� 3DVVLJQDQR� DQG LQ VRPH RWKHU LWDOLDQ
ODNHV�6RPH RI WKH SRLQWV RI WKH LQYHVWLJDWLRQ DUH GHVWLQHG QRW RQO\ WR VSHFLDOLVWV� ZLWK WKH JRDO RI D
EHWWHU�NQRZOHGJH�DERXW�LQODQG�ZDWHUV�FXOWXUH�
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'HSDUWPHQW�RI�,WDOLDQ��8QLYHUVLW\�RI�&DOLIRUQLD�DW�/RV�$QJHOHV��8&/$���86$
�
.(<:25'6��0(',(9$/�/(*(1'��:(67(51�&8/785(

,Q PHGLHYDO $UWKXULDQ OHJHQGV WKH /DG\ RI WKH /DNH LV WKH PRVW LPSRUWDQW FKDUDFWHU DIWHU WKDW RI WKH
NLQJ� VKH LV WKH IRVWHU�PRWKHU WR 6LU /DQFHORW DQG UDLVHV KLP EHQHDWK WKH ZDWHUV RI KHU ODNH� :KLOH
HDUO\ $UWKXULDQ YHUVLRQV SRUWUD\ KHU SRZHU DV EHQHYROHQW� LQ ODWHU LWHUDWLRQV VKH FDQ DSSHDU DV D
PDOHYROHQW IRUFH� IRU KHU SRZHU GHULYHV IURP WKH PXUN\ ZDWHUV RI WKH ODNH LQ ZKLFK VKH OLYHV� +HU
FKDUDFWHU LV HVSHFLDOO\ LQWULJXLQJ EHFDXVH LW WUDYHUVHV WKH EUHDGWK RI ZHVWHUQ FXOWXUH �� *XVWDYH
'RUp� $XEUH\ %HDUGVOH\� WKH SURYHUELDO :DOWHU 6FRWW RU $OIUHG /RUG 7HQQ\VRQ� *LRDFKLQR 5RVVLQL WR
/LVD 7KLHO� DQG PRUH UHFHQWO\ VW\OL]HG LQ 5D\PRQG &KDQGOHU� FLQHPD �³([FDOLEXU�´ LQ ������ 0DUYHO
FRPLF�ERRNV��JUDSKLF�LPDJHU\��DQG�WHOHYLVLRQ�
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8QLYHUVLW\�RI�3HUXJLD��,WDO\
�
.(<:25'6��(19,5211(0(17$/�+,6725<��+,6725<�2)�32/,7,&$/�728*+7���75$6,0(12�/$.(

6LQFH WKH EHJLQQLQJ RI WKH ;,; FHQWXU\ LQ FHQWUDO ,WDO\ QHZ ,QVWLWXWLRQV ZHUH FUHDWHG WR PDQDJH WKH
HQYLURQPHQW DQG WKH QDWXUDO UHVRXUFHV� HVSHFLDOO\ LQ SDUWLFXODU DQG UHVLGXDO QDWXUDO DUHDV�6XFK
,QVWLWXWLRQV DOVR DQVZHUHG LVVXHV DULVLQJ IURP WKH VRFLR�HFRQRPLF WUDQVIRUPDWLRQ DQG WKH
HPHUJHQFH RI QHZ VRFLDO DFWRUV� 7KH SURMHFW DLPV WR UHFRQVWUXFW WKH GHEDWH DERXW WKH FUHDWLRQ RI
³FRQVRU]L´ LQ FHQWUDO ,WDO\� GXULQJ WKH WUDQVLWLRQ IURP 3DSDO 6WDWH WR WKH .LQJGRP RI ,WDO\� 7KH GHEDWH
LV DQDO\]HG XQGHU WKH SHUVSHFWLYH RI WKH KLVWRU\ RI LGHDV DQG SROLWLFDO WKRXJKW DQG WKH SURMHFW LV
IRFXVHG RQ WKH JURZLQJ GLDOHFWLFV EHWZHHQ �SULYDWH LQWHUHVWV� DQG �SXEOLF XWLOLW\�� ,Q WKLV SHUVSHFWLYH�
WKH DQDO\VLV ZLOO IRFXV RQ WKH VSHFLILF FDVH RI 5HFODPDWLRQ &RQVRUWLXP RI /DNH 7UDVLPHQR� FUHDWHG
LQ ���� E\ WKH 3URYLQFH RI 3HUXJLD� 7KH FLWHG &RQVRUWLXP LQLWLDOO\ FUHDWHG WR VROYH WKH SUREOHPV RI
GHSWK YDULDWLRQ RI /DNH 7UDVLPHQR DQG VZDPSLQJ� H[WHQGHG LWV VFRSH WR WKH VRFLR�HFRQRPLF
GHYHORSPHQW�RI�7UDVLPHQR�DUHD�
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.ZDQVHLJDNXLQ�8QLYHUVLW\��-DSDQ
�
.(<:25'6��/2:(5�6+,5(�5,9(5���),6+�5(6285&(6��6867$,1$%,/,7<�2)�),6+,1*

,Q WKLV DUWLFOH� WKH UHDO VWDWH RI ILVKLQJ DFWLLYWLHV DURXQG WKH /RZHU 6KLUH 5LYHU LV GHVFULEHG DQG
DQDO\VHG DW ILUVW� ,W LV EDVHG RQ WKH GDWD ZKLFK ZDV FROOHFWHG LQ WKH ILHOG UHVHDUFK DQG UHIHUHQFHV�
6HFQGO\� WKLV DUWLFOH WULHV WR ILQG RXW VHYHUDO SRLQWV RJ ILVKLQJ LQ WKH DUHD� DQG FRQVLGHUV KRZ WR
UHVROYH WKH PDWWHUV� ,W SD\V DWWHQWLRQ WR WKH ILVKLQJ DFWLYLW\ ZKLFK LV FDUULHG RXW DURXQG WKH (OHSKDQW
0DUVK DQG WKH %DQJXOD /DJRRQ� DQG WKH DXWKRU FDUULHG RXW LQTXLU\ EDVHG RQ LQWHUYLHZV IURP WKH
ILVKHUPHQ DQG WKH ILVK WUDGHUV� $V WKH UHVXOW� HWKQLFLW\ RI WKH ILVKHUPHQ DQG WUDGHUV� ILVKLQJ SHULRG�
ILVKLQJ PHWKRGV DQG V\VWHP RI ILVK VHOOLQJ DUH EHFRPH FOHDU� 0DQ\ RI WKH ILVKHUPHQ DUH WKH 6HQD
DQG WKH 0DJDQMD� ZKR UHVLGH LQ WKH DUHD RI WKH /RZHU 6KLUH 9DOOH\� 0DQ\ RI WKH ILVKLQJ XQLWV
FKRRVH ILVKLQJ PHWKRG RI FDVW QHW RU ILVK EDVNHW� )URP UHVXOWV RI WKH LQWHUYLHZV DQG REVHUYDWLRQ� LW
LV FOHDUHG WKDW DOWKRXJK ILVKLQJ DQG ILVK WUDGLQJ KDYH EHFRPH DFWLYH LQ WKH UHFHQW \HDUV� VFDOH RI
ILVK HFRQRPLHV LV VWLOO PXFK VPDOOHU WKDQ WKDW RI WKH /DNH 0DODZL DUHD� +RZHYHU� LW LV SRLQWHG RXW
WKDW FRPPHUFLDO ILVKLQJ PHWKRGV ZKLFK DLPV WR FDWFK PXFK ILVK DUH FDUULHG LQ WKH ZDWHU DUHDV RI
0DODZL� 7KLV DUWLFOH FRQFOXGHV WKDW WKH VWDNHKROGHU ZKLFK LQFOXGHV ILVKHUPHQ� WUDGHUV� ORFDO
FRPPXQLWLHV DQG JRYHUQPHQW RIILFHV � )LVKHULHV 'HSDUWPHQW� VKRXOG H[DPLQH WKRURXJKO\ DERXW
LQIOXHQFH�E\�WKH�LQWURGXFWLRQ�RI�FRPPHUFLDO�ILVKLQJ�PHWKRGV���
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'HSDUWPHQW�RI�+XPDQ�DQG�6RFLDO�6FLHQFHV��8QLYHUVLW\�IRU�)RUHLJQHUV�RI�3HUXJLD��,WDO\
�
.(<:25'6��:(67(51�,0$*(5<��/,7(5$785(��/$.(6&$3(6�

7KLV FRQWULEXWLRQ UHOLHV RQ DQ LQWHUGLVFLSOLQDU\ DSSURDFK EHWZHHQ OLWHUDWXUH� YLVXDO DUWV DQG KXPDQ
JHRJUDSK\� ,W FRPELQHV LFRQRJUDSK\� OLWHUDU\ GHVFULSWLRQ DQG FKURQLFOHG HYHQWV� ,W LV DLPHG DW
VKRZLQJ GLDFKURQLF YDULDWLRQ LQ WHUPV RI FXOWXUDO UHSUHVHQWDWLRQ DQG SRSXODU QDUUDWLYHV DERXW ODNHV
DQG ODNH�VFDSHV� 7KH WHUP ODNH�VFDSH LV GHULYHG IRUP WKH ILHOG RI WKH YLVXDO DUWV DQG FRQWDLQV WKH
YLWDO OLQN EHWZHHQ WKH ODNHV� YLVXDO DQG YHUEDO GHVFULSWLRQ� 7KH FRQFHSW RI µODNHVFDSH¶ DQG LWV
WHUULWRU\ IHDWXUHV QDUUDWLRQV DQG UHSUHVHQWDWLRQV� HYLGHQFLQJ VKLIWV LQ SHUVSHFWLYH DQG
UHSUHVHQWDWLRQV� 7KLV LV HPSKDVL]HG LQ D UHFXUUHQW ELQDU\ RSSRVLWLRQ EHWZHHQ WKH VHQVH RI OLJKW DQG
SODFH RI GHOLJKW� DQG� WKH VHQVH RI GDUNQHVV� P\VWHU\ DQG GHDWK� ([DPSOHV IHDWXUH /DNH $YHUQR�
/DNH *DUGD� /DNH &RPR� /RFK 1HVV� /DNH /HPDQ� /DJR 7UDVLPHQR DQG VRPH OHVVHU NQRZQ ,WDOLDQ
ODNHV �$OOHJKH� &DUH]]D� %DUFLV�� 7KH WZR�IROG LPDJHU\ DQG DPELJXLW\ RI ODNHVFDSH DQG ZDWHUV LV
IXUWKHU UHIOHFWHG LQ SUHVHUYDWLRQ RI WKH VHQVH RI µSODFH¶ DQG WKH DSSHDO RI LQQRYDWLRQ DQG HFR�
WRXULVP� 0RUH WKDQ DQ\ RWKHU HFR�V\VWHP ODNHV DQG WKHLU WHUULWRULHV DUH RQH RI WKH JUHDW FKDOOHQJHV
UHO\LQJ RQ WKH SUHVHUYDWLRQ RI WKH µFUHDWXUHV RI WKH ODNHV¶� DQG HYDOXDWLRQ RI OLWHUDU\ DQG FXOWXUDO
KHULWDJH��7KLV�LQFOXGHV�IORZHUV��IURJV��IDHULHV��ILVK�DQG�ILVKHUPDQ�DQG�DOO�WKHLU�WDOHV�
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8QLYHUVLW\�IRU�)RUHLJQHUV�RI�3HUXJLD��,WDO\�
�
.(<:25'6��&217(0325$5<�&,1(0$��52/(�2)�3/$&(6��/$1'6&$3(�,1�029,(

,Q WKH KLVWRU\ RI FLQHPD� ODNHV KDYH RIWHQ UHSUHVHQWHG SODFHV LQ ZKLFK IDPLOLDU DQG XQIDPLOLDU
FRH[LVW� DQG DV PRYLH VHWV� QRW RQO\ LQ WKH KRUURU JHQUH� WKH\ KDYH DVVXPHG WKH UROH RI GLVWXUELQJ
SODFHV�$ ODNH FDQ EH WKH WKHDWUH RI D TXLHW IDPLO\ YDFDWLRQ DV PXFK DV D SODFH LQ ZKLFK FRUSVH
FRPH RXW RI WKH ZDWHU WR WHOO WKH VWRU\ RI D PXUGHU� RU ZKHUH D VXSHUQDWXUDO SKHQRPHQD UHYHDOV
LWVHOI�7KLV FRH[LVWHQFH RI IDPLOLDU DQG XQFDQQ\� WKH VWDWXV RI FORVHG EXW \HW P\VWHULRXV VSDFHV
PDNHV WKHP D UHPDUNDEOH DQG XQLTXH H[DPSOH RI WKH IUHXGLDQ 8QKHLPOLFKH FDWHJRU\ LQ PRYLHV�
ODNHV FDQ EH PHWDSKRUV RI D SHUVRQDO RU FROOHFWLYH KLGGHQ WUDXPD WKDW ILQGV KLV ZD\ RXW WKURXJK
GDUN ZDWHU OLNH D V\PSWRP LQ SV\FKRWKHUDS\)URP 3V\FKR WR 7ZLQ 3HDNV� IURP &UHHSVKRZ � WR
)ULGD\ WKH ��WK� WKH SDSHU ZLOO H[SORUH WKH UHODWLRQ EHWZHHQ SK\VLFDO DQG HPRWLRQDO ODQGVFDSH LQ
PRYLH WKDW LQYROYH WKH ODNH ILJXUH� IRFXVLQJ RQ WZR UHFHQW LWDOLDQ PRYLHV� /D UDJD]]D GHO ODJR
�$QGUHD 0RODLROL� ����� DQG 3XFFLQL H OD IDQFLXOOD �3DROR %HQYHQXWL� ������ ZKLFK WKHPDWL]H WKLV
UHODWLRQ LQ D SDUWLFXUDUO\ RULJLQDO ZD\� (VVHQWLDO ELEOLRJUDSK\ $OEDQR /�� /R VFKHUPR GHL VRJQL�
&KLDYL SVLFRDQDOLWLFKH GHO FLQHPD� 9HQH]LD� 0DUVLOLR� �����%HOODYLWD $�� 6FKHUPL SHUWXUEDQWL� 3HU XQ
DSSOLFD]LRQH GHO FRQFHWWR GL 8QKHLPOLFKH DOO¶HQXQFLD]LRQH ILOPLFD� 0LODQR� 9LWD	3HQVLHUR�
�����%HUQDUGL 6�� ,O SDHVDJJLR QHO FLQHPD LWDOLDQR� 9HQH]LD� 0DUVLOLR� �����)UHXG 6�� 6DJJL
VXOO¶DUWH� OD OHWWHUDWXUD H LO OLQJXDJJLR� 7RULQR� %ROODWL %RULQJKLHUL� �����2UODQGR )�� 3HU XQD WHRULD
IUHXGLDQD�GHOOD�OHWWHUDWXUD��7RULQR��(LQDXGL�������
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3XVKNDU�6DURYDU�6DPYDUGKDQL��,QGLD
�
.(<:25'6��386+.$5��6$529$5��/$.(6��%5$+0$��,/%0��:$7(5�&216(59$7,21��3,/*5,0$*(��&$0(/�)$,5��

3XVKNDU 6DURYDU �ODNH LQ 6DQVNULW� FRPSULVHV RI WKUHH ZDWHU ERGLHV GHGLFDWHG WR WKH +LQGX 7ULQLW\
RI %UDKPD� 9LVKQX DQG 0DKHVK�,Q 3XVKNDU *RG LV SHUVRQLILHG DV ZDWHU DQG ZRUVKLSHG� 7KH PRVW
SURPLQHQW WHPSOH RI /RUG %UDKPD LV DOVR LQ 3XVKNDU� 3XVKNDU LV UHYHUHG DV DQFLHQW DQG RQH RI WKH
ILYH VDFUHG ODNHV RI +LQGXV� .QRZQ DV 7HHUWKUDM �NLQJ DPRQJ SODFHV RI SLOJULPDJH� 3XVKNDU ILQGV
PHQWLRQ LQ 3XUDQDV� 5DPD\DQD� 0DKDEKDUDWD DQG $EKLJ\DQVKDNXQWDODP DQ HSLF E\ .DOLGDV� /RUG
5DPD LV EHOLHYHG WR KDYH YLVLWHG 3XVKNDU ZLWK KLV ZLIH 6LWD DQG EURWKHU /D[PDQ GXULQJ H[LOH DQG VR
DOVR WKH 3DQGDYD EURWKHUV GXULQJ WKHLU H[LOH� 3XVKNDU KDV DOVR EHHQ KRPH WR PDQ\ VDJHV DQG
VDLQWV HYHU VLQFH� 3RQGV� SODFHV DQG FDYHV QDPHG DIWHU 3DQGDYDV DQG VDJHV H[LVWLQJ HYHQ QRZ
DUH UHPLQLVFHQW RI ROG WLPHV� 7KH RSLQLRQ RQ WKH RULJLQ RI 3XVKNDU /DNH LV GLYLGHG� +LQGX VFULSWXUHV
�3DGPD DQG +DUYDQVKD 3XUDQD� DWWULEXWH LW WR %UDKPD� WKH FUHDWRU RI 8QLYHUVH DQG FRQVLGHU LW DV
DQFLHQW DV FUHDWLRQ LWVHOI� ZKHUHDV WKH VFLHQWLVWV FRQVLGHU LW D PDQPDGH ODNH� 6KDLYLWHV EHOLHYH WKDW
3XVKNDU RULJLQDWHG IURP WHDUV RI 6KLYD WKDW ZHUH VKHG DIWHU WKH GHDWK RI KLV ZLIH 6DWL� EHVLGHV
DQRWKHU VDFUHG SRQG ZKLFK LV QRZ LQ 3DNLVWDQ� ,Q KLV UHFHQW ERRN D FROXPQLVW DQG KLVWRULDQ -DQDN
-KXQMKXQZDOD KDV WULHG WR OLQN WKH %LEOLFDO *DUGHQ RI $GDP DQG (YH WR 3XVKNDU� 7KH 3XVKNDU /DNH
VXUURXQGHG E\ �� *KDWV �VWHSV IRU EDWKLQJ� LV FDWHJRUL]HG DV D 6DFUHG /DNH DV SHU &ODVVLILFDWLRQ RI
/DNHV LQ ,QGLD� 7KH 3XVKNDU /DNH GRHV ILQG PHQWLRQ LQ FRLQV RI FLUFD �WK &HQWXU\ %&� 7KH
LQVFULSWLRQV IRXQG DW 6DQFKL LQ 0DGK\D 3UDGHVK DWWHVW WR WKH ODNH
V H[LVWHQFH WR WKH �QG &HQWXU\
%&� �7KHUH LV HQRXJK HYLGHQFH WR VXJJHVW WKDW 3XVKNDU ZDV D SLOJULPDJH FHQWHU WKRXVDQGV RI
\HDUV DJR WKRXJK LW ZDV QRW RQ WKH DQFLHQW WUDGH URXWH�7KH WH[WV LQ 3DOL�3UDNULW VXJJHVW WKDW
3XVKNDU ZDV D WKULYLQJ %XGGKLVW OHDUQLQJ FHQWHU LQ �QG &HQWXU\ %&� 6LWXDWHG DW ODWLWXGH RI ��´ DQG
��¶ 1 DQG ORQJLWXGH RI ��´ ��¶ ( DQG ��� PHWHUV DERYH WKH VHD OHYHO LQ WKH ZHVWHUQ ,QGLDQ VWDWH RI
5DMDVWKDQ� 3XVKNDU LV VXUURXQGHG E\ $UDYDOL UDQJH RI KLOOV RQ WKUHH VLGHV DQG WKH 7KDU 'HVHUW WR
WKH ZHVW� 3XVKNDU LV KRPH WR RYHU ��� WHPSOHV� DOO NLQGV RI KHULWDJH DQG D YDULHW\ RI IORUD DQG
IDXQD� 3XVKNDU KRVWV WKH PRVW FRORUIXO FDWWOH �&DPHO� IDLU LQ WKH ZRUOG� 7KH VRLO DQG WRSRJUDSK\ LQ
WKH FDWFKPHQW DUH SUHGRPLQDQWO\ VDQG\ ZLWK YHU\ ORZ ZDWHU UHWHQWLRQ FDSDFLW\� 7KH ODQG XVH
SDWWHUQ LQ WKH 3XVKNDU YDOOH\ WKDW GUDLQV LQWR WKH ODNH FRPSULVHV ��� RI WKH DUHD XQGHU VKLIWLQJ
VDQG GXQHV� ��� XQGHU KLOOV �GHJUDGHG DQG EDUUHQ� DQG VWUHDPV DQG ��� RI WKH DUHD LV
DJULFXOWXUDO� 7KH FDWFKPHQW DUHD RI 3XVKNDU /DNH LV ���� KHFWDUH DQG ODNH DUHD LV �� KHFWDUH� 7KH
GHSWK LV DSSUR[LPDWHO\ ��� PHWHU� 7KH FDUU\LQJ FDSDFLW\ RI ZDWHU LV ����� FXELF PHWHU� :DWHU
TXDOLW\ LV GHWHULRUDWLQJ JUDGXDOO\ GXH WR IORZLQJ RI VHZHU DQG ZDVWH ZDWHU DQG VROLG ZDVWH LQ
PRQVRRQ VHDVRQ� 3HRSOH RIIHULQJ SLQG �EDOO RI EDUOH\ IORXU�� JUDLQV� IORZHUV DQG DVWKL �KXPDQ ERQH�
DVK� GLUHFWO\ LQWR WKH ODNH LV DOVR D FDXVH RI ZDWHU TXDOLW\ GHWHULRUDWLRQ� 6LOW ODGHQ UDLQ ZDWHU IORZV
IURP FDWFKPHQW DUHD WR ODNH� FDXVLQJ VLOWDWLRQ� 'HVHUWLILFDWLRQ DQG VLOWDWLRQ DUH RWKHU EXUQLQJ LVVXHV�
7KHUH DUH LQWHUHVWLQJ WDOHV DERXW WKH KHDOLQJ SURSHUWLHV RI 3XVKNDU ZDWHUV� $ 5DMSXW UXOHU RI
0DQGRUH� 1DKDU 5DR 3DULKDU� ZKR ZDV FXUHG RI KLV /HXNRGHUPD� ZDV VR SOHDVHG WKDW KH UHVWRUHG
WKH ODNH DQG WKH WRZQ LQ WKH QLQWK FHQWXU\� /DWHU GXULQJ WKH 0XJKDO HUD WKH W\UDQW (PSHURU
$XUDQJ]HE LV EHOLHYHG WR KDYH VXGGHQO\ WXUQHG JUH\ DIWHU KH ZDVKHG KLV IDFH LQ .DQLVKWKD 3XVKNDU
JLYLQJ LW WKH QDPH %XGKD �ROG� 3XVKNDU� 0LOOLRQV RI SHRSOH KDYH VLQFH YLVLWHG WKH ODNHV WR WDNH D
KRO\ GLS IRU HPDQFLSDWLRQ �PRNVKD�� WR ULG WKHPVHOYHV RI VLQV DQG DOVR WR FXUH VNLQ SUREOHPV�
7RGD\ 0DGK\D 3XVKNDU �PLGGOH�� D KXJH VWHS ZHOO KDV FRPSOHWHO\ GULHG XS DQG .DQLVKWKD RU
%XGKD 3XVKNDU LV DW WKH YHUJH RI H[WLQFWLRQ� 7KH PDLQ 6DURYDU KDV GULHG XS WZLFH LQ ODVW WHQ \HDUV
DQG ZDWHU OHYHO LV EHLQJ PDLQWDLQHG E\ SXPSLQJ LQ � PLOOLRQ OLWHUV RI IUHVK JURXQG ZDWHU HYHU\ GD\�
:LWK JURXQG ZDWHU OHYHO GHSOHWLQJ UDSLGO\ �IURP � PHWHUV �� \HDUV DJR WR ����� PHWHUV WRGD\��
SRSXODWLRQ DQG SLOJULPV RQ ULVH DQG SRVVLELOLW\ RI UDLQV IDLOLQJ DJDLQ �DYHUDJH DQQXDO UDLQIDOO
������� PLOOLPHWHUV� WKH YHU\ H[LVWHQFH RI 3XVKNDU LV DW VWDNH� 7KLV SURPSWHG WKH JRYHUQPHQW WR
PDNH LQWHUYHQWLRQV LQ WHUPV RI H[FDYDWLRQ RI ODNH DQG FRQVWUXFWLRQ RI � FRQFUHWL]HG FKDQQHOV�
+RZHYHU� WKH VLWXDWLRQ KDV QRW UHDOO\ LPSURYHG GHVSLWH KXJH LQYHVWPHQW DOUHDG\ PDGH DQG PRUH LV
LQ WKH SLSHOLQH� 7KH NH\ ODNH EDVLQ JRYHUQDQFH LVVXH WKHUHIRUH LV DQ LPPHGLDWH VFLHQWLILF DQG
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WHFKQLFDO LQWHUYHQWLRQ WR FKHFN WKH FRQWLQXLQJ VHHSDJH DQG LPSURYH ZDWHU OHYHO DQG TXDOLW\ LQ DOO
WKUHH ZDWHU ERGLHV LQ QHDU WHUP DQG LPSURYH WKH JURXQG ZDWHU VLWXDWLRQ LQ 3XVKNDU LQ WKH ORQJ UXQ�
7KH 3DSHU H[DPLQHV KRZ WKH VL[�SLOODU ,/(&�,/%0 )UDPHZRUN IRU VXVWDLQDEOH PDQDJHPHQW DQG
FRQVHUYDWLRQ RI ODNHV DQG WKHLU EDVLQ UHVRXUFHV FDQ EH HIIHFWLYHO\ DSSOLHG WR DGGUHVV WKH FRPSOH[
LVVXHV IDFHG E\ ODNHV DQG WKHLU EDVLQV LQ 3XVKNDU UHHOLQJ XQGHU WKH ZHLJKW RI UHOLJLRXV DQG FXOWXUDO
EHOLHIV� LQFUHDVLQJ SRSXODWLRQ� JURZLQJ LQIOX[ RI SLOJULPV DQG WRXULVW DQG YLUWXDO FRQWURO RI DQ
RUWKRGR[�SULHVWV¶�OREE\�RYHU�WKH�/DNHV�DQG�*KDWV�
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6KULVKWL�(QYLURQPHQW�DQG�6XVWDLQDELOLW\�6RFLHW\��,QGLD

6(78��,QGLD
�
.(<:25'6��$:$.(1,1*��5,9(5�6(16,7,9(��&20081,7<�$&7,21

5LYHUV IURP 3XQH FLW\ SROOXWH %KLPD 5LYHU DQG WDLO�HQG 8MMDQL /DNH ��� NP GRZQVWUHDP WUDPSOLQJ
WKH KXPDQ ULJKWV RI VDIH GULQNLQJ ZDWHU RI �� PLOOLRQ SRSXODWLRQV� $ PLQGVHW�FKDQJH LV QHHGHG LQ
XSVWUHDP XUEDQLWHV WR HQVXUH OLIH�VW\OH�FKDQJH ZKLFK UHGXFHV FROOHFWLYH�SROOXWLQJ�LPSDFWV RQ
HFRORJLFDO KHDOWK DQG SRSXODWLRQ KHDOWK� 7R DFKLHYH WKLV� WKUHH DVSHFWV LQ SHRSOH KDYH WR EH
UHDFKHG ± KHDG� KHDUW DQG KDQGV� 3XQH 0HWUR DFWV RQ XQGHUVWDQGLQJ �KHDG� DQG WD[�IXQGHG
DFWLRQV �KDQGV� EXW ODFNV KHDUW � D FRQFHUQ IRU TXDOLW\ RI OHQWLF�ORWLF DTXDWLF V\VWHP LQ EDVLQ�
VHQVLWLYLW\ WR HFR�VSDFH RI ZDWHU�GHSHQGHQW�VSHFLHV DQG ZHOO�EHLQJ RI GRZQVWUHDP SRSXODWLRQV�
6LQFH ODVW GHFDGH� FKLHI VWDNHKROGHUV ± SHRSOH� 1*2V� LQGXVWU\ DQG JRYHUQPHQW DUH PDNLQJ HQWLUH
FRPPXQLW\ ULYHU�VHQVLWLYH E\ DGRSWLQJ WUDGLWLRQDO ZLVGRP� DZDNHQLQJ 6SLULWXDO� +LVWRULF� &XOWXUDO�
)DPLO\ DQG &RPPXQLW\ YDOXHV DV 5LYHU�3LOJULPDJH ± ZDWHU�IULHQGVKLS MRXUQH\V DFWLYDWH µVHUYLFH WR
HQYLURQPHQW¶� 6SLULWXDO )HVWLYDOV DFWLYDWH µVHUYLFH WR QDWLRQ¶� FRPPXQLW\ DQG VRFLDO PRYHPHQWV
DFWLYDWH µ6HUYLFH WR 5LYHUV¶ DQG 6DJDUPLWD $EKL\DDQ DFWLYDWHV µ3HUVRQDO 'XW\¶ ± WKXV VHHGLQJ WKH
SRSXODWLRQ ZLWK VSLULWXDO�DFWLRQ WR µGHYHORS OLIH LQ VHUYLFH WR G\QDPLF KDUPRQ\ RI QDWXUH¶ DQG
DFWLYDWLQJ µKHDUWIHOW FRQFHUQ IRU ZDWHU¶ LQ GDLO\ DFWLRQV RI LQGLYLGXDOV� IDPLOLHV� SURIHVVLRQDOV�
EXVLQHVVPHQ��IDUPHUV��LQVWLWXWLRQV�DQG�JRYHUQPHQW�
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'HSDUWPHQW�RI�&LYLO�(QJLQHHULQJ��8QLYHUVLW\�RI�*XDQDMXDWR��0H[LFR
�
.(<:25'6��&2//$%25$7,21��/$.(�%$6,1��+($57:$5(

3UREOHPV LQ /DNH %DVLQV RFFXU ZKHUH HFRV\VWHPV DQG KXPDQ VRFLDO V\VWHPV FRQYHUJH LQ D QRQ�
DUWLFXODWHG ZD\� DQG WKH\ FDQQRW EH FRPSOHWHO\ DQDO\]HG DQG RYHUFRPH E\ VFLHQFH RU WHFKQRORJ\
EHFDXVH WKH\ DUH SDUWO\ D UHVXOW RI WKH GLYHUVLW\ LQ KXPDQ SHUFHSWLRQV� H[SHFWDWLRQV� DQG YDOXHV�
7KLV PDNHV JRRG VROXWLRQV GLIILFXOW WR DFKLHYH� ,Q WKLV VHQVH� $XVWLQ 'HFODUDWLRQ ���� �:/&���
UHPDUNV WKDW VWDNHKROGHU LQYROYHPHQW LV HVVHQWLDO IRU VXFFHVVIXO ODNH EDVLQ PDQDJHPHQW� +RZHYHU�
/%0 LV RIWHQ GRQH E\ UHO\LQJ XSRQ VFLHQWLILF DQG HFRQRPLF H[SHUW RSLQLRQV DQG LQIRUPDWLRQ WR WKH
H[FOXVLRQ RI RWKHU VRXUFHV� UHVXOWLQJ LQ D IDLOXUH WR GHYHORS RU FRQVLGHU RWKHU IHDVLEOH RSWLRQV WKDW
IDOO RXWVLGH WKRVH VFLHQWLILF DQG HFRQRPLF ERXQGDULHV� ,Q SDUWLFXODU� LQIRUPDWLRQ WKDW UHIOHFWV
DHVWKHWLF� VSLULWXDO� HWKLFDO� LQWULQVLF� RU QRUPDWLYH YDOXHV LV RIWHQ GLVUHJDUGHG DQG HQYLURQPHQWDO
FRQFHUQV DQG YDOXHV H[SUHVVHG E\ VWDNHKROGHUV LQ WHUPV ODGHQ ZLWK HPRWLRQV DUH LJQRUHG LQ DQ\
ODNH EDVLQ PDQDJHPHQW SODQQLQJ SURFHVV� 7KHUHIRUH� ZKLOH ODNH EDVLQ PDQDJHPHQW SODQV VKRXOG
UHIOHFW WKH RIWHQ LQGHVFULEDEOH FKDUDFWHU RI VRFLHW\� PDQ\ RI WKH QRQ�HFRQRPLF YDOXHV DQG 1DWXUH
FRQVFLRXVQHVV KHOG E\ WKH SXEOLF DUH XVXDOO\ QRW LQFRUSRUDWHG LQWR ILQDO SODQV� ,Q WKH VHDUFK IRU WKH
VRFLDO VXVWDLQDELOLW\ RI LQWHJUDWHG ODNH EDVLQ PDQDJHPHQW SODQV� D PDMRU IRFXV RI WKH ODVW WKUHH
\HDUV KDV EHHQ WKH HQKDQFHPHQW RI /DNH %DVLQ ³+HDUWZDUH´ DV DQ DOWHUQDWLYH FRQFHSW WR
LQFRUSRUDWH /DNH %DVLQ VWDNHKROGHUV¶ LQWDQJLEOH YDOXHV� LQWHUHVWV� FRQFHUQV DQG SRVLWLRQV LQ /DNH
%DVLQ PDQDJHPHQW SODQV� 7KXV� VLQFH FROODERUDWLRQ LV EDVHG XSRQ DQ DSSOLFDWLRQ RI VRFLDO OHDUQLQJ
WKHRU\ DQG ZRUNV E\ OLQNLQJ IRUPDO� WKHRUHWLFDO NQRZOHGJH WR LQIRUPDO� SUDFWLFDO ZLVGRP WKURXJK
IDFH�WR�IDFH GLDORJXH DPRQJ VWDNHKROGHUV LQ D MRLQW SUREOHP SURFHVV �ZKHUH SDUWLFLSDQWV VKDUH
LQIRUPDWLRQ DQG SRZHU DV WKH\ WDNH MRLQW UHVSRQVLELOLW\ LQ DWWHPSWLQJ WR PDNH GHFLVLRQV� UHDFK
VROXWLRQV� RU UHVROYH DQ\ ODNH EDVLQ PDQDJHPHQW LVVXH�� WKLV SDSHU SUHVHQWV FROODERUDWLRQ DV WKH
SKLORVRSK\ EHKLQG WKH /DNH %DVLQ ³+HDUWZDUH´ FRQFHSW WKDW PLJKW HQDEOH LW WR RYHUFRPH WKRVH
VFLHQWLILF DQG HFRQRPLF EDUULHUV LPSHGLQJ WR FRQVLGHU LPPDWHULDO LGHDOV LQ WKH ODNH EDVLQ
PDQDJHPHQW�SODQQLQJ�SURFHVVHV�
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,QWHUQDWLRQDO�/LQNDJHV�DQG�5HVHDUFK�'HYHORSPHQW�8QLW��/DJXQD�/DNH�'HYHORSPHQW�$XWKRULW\��3KLOLSSLQHV

/DNH�3DQGLQ�)LVKHULHV�DQG�$TXDWLF�5HVRXUFH�0DQDJHPHQW�&RXQFLO��3KLOLSSLQHV
�
.(<:25'6��:20(1�5$)7(56��%$/$1&('�/,)(��/$.(�3527(&7,21

/DNH 3DQGLQ LV WKH PRVW EHDXWLIXO DPRQJ WKH VHYHQ FUDWHU ODNHV RI 6DQ 3DEOR &LW\� 7KH OLQJHULQJ
WKUHDW RI XVLQJ WKH ODNH IRU OLYHOLKRRG LQ DQ XQVXVWDLQDEOH ZD\ KDV WKUHDWHQHG LWV LQKHUHQW EHDXW\�
7KLV SDYHG WKH ZD\ IRU D FLWL]HQ JURXS WR LQWURGXFH WR WKH ILVKLQJ FRPPXQLW\ WKH LGHD RI FRQVHUYLQJ
WKH ODNH¶V UHVRXUFHV WKURXJK WRXULVP DFWLYLWLHV� 7KH XVH RI EDPERR UDIWV WR WDNH WRXULVWV WR WKH ODNH
WR DSSUHFLDWH WKH EHDXW\ RI WKH VXUURXQGLQJV DQG WDVWH WKH VSULQJ ZDWHU WKDW GUDLQV LQWR WKH ODNH
ZDV RSHUDWLRQDOL]HG ZLWK VHHG PRQH\ IURP SULYDWH GRQRUV� 7KH ZRPHQ WRRN LW XSRQ WKHPVHOYHV WR
RSHUDWH WKH EDPERR UDIWV DQG RUJDQL]HG WKHPVHOYHV LQWR WKH 6DPDKDQ QJ .DEDEDLKDQJ
0DQJLQJLVGD DW %DQJNHUD VD /DZD QJ 3DQGLQ �$VVRFLDWLRQ RI :RPHQ )LVKHUIRONV DQG 5DIWHUV LQ
/DNH 3DQGLQ�� 6WLOO� WKH SULPH LPSRUWDQFH LV WR NHHS WKH EDODQFH RI EHLQJ UDIWHUV DQG IXOILOOLQJ WKHLU
UROHV DV PRWKHUV DQG ZLYHV� 7R IXUWKHU DXJPHQW WKHLU LQFRPH� WKH\ RIIHU KRPH FRRNHG VWDSOH IRRG
WR WKH WRXULVWV ZKLOH WRXULQJ WKH ODNH LQ WKH EDPERR UDIW� 7KHLU KRVSLWDOLW\ LV ZHOO�DSSUHFLDWHG E\
YLVLWRUV ZKR LQ WKHLU RZQ ZD\ KDYH EHFRPH WKHLU PDUNHWLQJ DJHQWV� $VLGH IURP UDIWLQJ� WKH ZRPHQ
DQG WKHLU IDPLOLHV UHJXODUO\ FOHDQ WKH YLFLQLW\� 7R GDWH� WKH PRVW SUHVVLQJ WKUHDW ERWK WR WKH ZRPHQ
UDIWHUV DQG WKH ODNH LV ODQG GHYHORSPHQW LQLWLDWHG E\ WKH RZQHUV RI SULYDWH ODQGV VXUURXQGLQJ WKH
ODNH� 7KH ZRPHQ KDYH YRZHG WR NHHS RQ SDGGOLQJ WKHLU EDPERR UDIWV IRU WKH VDNH RI /DNH 3DQGLQ�
³SURWHFWLQJ�/DNH�3DQGLQ�LV�SURWHFWLQJ�RXU�IDPLOLHV�DOVR�´
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7KH�8QLYHUVLW\�RI�6KLJD�3UHIHFWXUH��-DSDQ

6KLJD�8QLYHUVLW\��-DSDQ
�
.(<:25'6��/$.(�%,:$��6+$5('�9$/8(6��6$132�<26+,

7KH /DNH %LZD &RPSUHKHQVLYH &RQVHUYDWLRQ 3ODQ �/%&&3� ZDV LQDXJXUDWHG LQ ���� E\ WKH
3UHIHFWXUDO *RYHUQPHQW RI 6KLJD� -DSDQ� ,W LV D ORQJ�WHUP SODQ WDUJHWLQJ ���� DV LWV SODQQLQJ
KRUL]RQ� ,W LV PRUH D YLVLRQ SODQ ZLWK WKH DLP IRU EDVLQJ JRYHUQDQFH LPSURYHPHQW VSHDUKHDGHG E\
WKH 6KLJD *RYHUQPHQW� ZLWK QR OHJDO SURYLVLRQ IRU VSHFLILFDOO\ HDUPDUNLQJ WKH QDWLRQDO ILQDQFLDO
UHVRXUFHV� ,W FRQWUDFWV UHPDUNDEO\ DJDLQVW WKH /DNH %LZD &RPSUHKHQVLYH 'HYHORSPHQW 3URMHFW
�/%&'3� ���������� ZKLFK ZDV EDVLFDOO\ DQ LQIUDVWUXFWXUH GHYHORSPHQW SODQ IDFLOLWDWHG E\ WKH
VSHFLDO OHJDO IUDPHZRUN IRU QDWLRQDO DQG ORFDO ILQDQFLDO PRELOL]DWLRQ� %HLQJ PRUH D JRYHUQDQFH
LPSURYHPHQW SURFHVV WKDQ D JRYHUQPHQWDO SODQ WR EH LPSOHPHQWHG E\ WKH VHFWRU DJHQFLHV� /%&&3
H[SHFWV WKH JHQHUDO SXEOLF WR SOD\ D YHU\ VLJQLILFDQW UROH� )URP LWV SUHSDUDWRU\ SKDVH� WKH 6KLJD
*RYHUQPHQW PDGH HYHU\ HIIRUW WR UHDFK RXW WR WKH /DNH %LZD FRPPXQLWLHV DW ODUJH WR SOD\ D
SURDFWLYH UROH LQ WKH GHYHORSPHQW DQG LPSOHPHQWDWLRQ RI WKH ORFDO SURMHFWV� ,Q WKH SURFHVV� LW
EHFDPH TXLWH FOHDU WKDW WKHUH KDV WR EH WKH KLVWRULFDOO\ IRVWHUHG VKDUHG YDOXHV� RWKHUZLVH UHIHUUHG
WR DV WKH ³KHDUWZDUH´ RI ,QWHJUDWHG /DNH %DVLQ 0DQDJHPHQW �,/%0�� $PRQJ WKHP� IRU H[DPSOH� LV
D FRQFHSW RI ³6DQSR�<RVKL´� DQ 2KPL �WKH FXUUHQW 6KLJD 3UHIHFWXUH� PHUFKDQW SKLORVRSK\ RI D WKUHH�
ZD\ VDWLVIDFWLRQ� WKH VHOOHU� WKH EX\HU DQG WKH FRPPXQLW\� LQVWLOOHG LQ WKH PLQG RI WKH PHUFKDQWV
WUDYHOLQJ DFURVV -DSDQ VLQFH PLG���WK &HQWXU\� 7KH SUHVHQWDWLRQ ZLOO LQWURGXFH WKHVH DQG RWKHU
KHDUWZDUH�H[DPSOHV�WR�EH�YDOXHG�LQ�WKH�FRXUVH�RI�/%&&3���
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8QLYHUVLW\�RI�6KLJD�3UHIHFWXUH��-DSDQ

6KLJD�8QLYHUVLW\��-DSDQ

6KLJD�8QLYHUVLW\��-DSDQ
�
.(<:25'6��&20081,7<�0(025<��+,6725,&�/$1'6&$3(��3$57,&,3$725<�$3352$&+

2YHU WKH SDVW VHYHUDO GHFDGHV LQ -DSDQ� WKH XQLTXH ORFDO OLIHVW\OHV DQG FXOWXUHV HYROYHG LQ FORVH
EXW GLYHUVH UHODWLRQVKLSV ZLWK WKH VXUURXQGLQJ QDWXUDO HQYLURQPHQWV KDYH JUDGXDOO\ GLPLQLVKHG WR
EHFRPH XQLIRUP DFURVV WKH FRXQWU\� ,Q DQ DWWHPSW WR DGGUHVV WKLV XQIRUWXQDWH WUHQG� DQ DSSURDFK
KDV EHHQ GHYLVHG� LQ FROODERUDWLRQ ZLWK WKH SDUWLFLSDWLQJ FLWL]HQV� WR UHLQVWDWH WKH ORFDOO\ VSHFLILF
OLIHVW\OHV DQG FXOWXUHV ZKLOH LQYLJRUDWLQJ WKH ORQJ�IRVWHUHG ORFDO ZLVGRP DQG FUHDWLYLW\� 7KH
DSSURDFK LV IRU WKH ZLOOLQJ FRPPXQLW\ PHPEHUV RI DOO DJHV DQG VRFLDO VWDWXVHV WR FROODERUDWLYHO\
SUHSDUH D ODQGVFDSH SLFWXUH� EDVHG RQ WKHLU ILYH�VHQVH PHPRULHV RI WKH FRPPXQLW\� ,Q WKH SURFHVV�
WKH\ ZLOO SRUWUD\ WKHLU PHPRULHV RQ WKH SDVW HYHQWV� ZKLOH UHIOHFWLQJ DOVR RQ WKH HQYLURQPHQWDO
LPSOLFDWLRQV RI WKHLU GDLO\ FRQGXFWV� 7KH UHVXOWLQJ ODQGVFDSH SDLQWLQJ PD\ QRZ EH UHJDUGHG DV D
SRUWUD\DO RI WKHLU FRPPXQLW\ DV D FRVPRV� ,Q WKH FRXUVH RI WKHLU HQGHDYRU WR SUHSDUH VXFK DQ
DUWZRUN� WKH FRPPXQLW\ PD\ QRZ EH DEOH WR VKDUH WKHLU PHPRULHV LPEHGGHG WKHUHLQ� ZKLOH
GLVFRYHULQJ� VKDULQJ� DQG SDVVLQJ RQ WR WKH QH[W JHQHUDWLRQ PDQ\ RI WKHLU OLIH VWRULHV� 7KHVH
SRUWUD\DO SDLQWLQJV DUH FDOOHG ³)XUXVDWR (E\RXEX´� RU WKH ³IROGLQJ VFUHHQV RI WKH KRPH FRPPXQLW\´�
7KH FRPPXQLW\ PHPEHUV FDQ� LQ GXH UHVSHFW WR WKH UHODWLRQVKLS EHWZHHQ PDQ DQG QDWXUH� DPRQJ
WKH SHRSOH� DQG ZLWK WKH KLVWRU\� WDON DERXW YDULRXV VFHQHV UHIOHFWHG LQ WKH SDLQWLQJ ³WR IRVWHU WKH
SDVW PHPRULHV DQG WR FUHDWH WKH IXWXUH´� 7KH LQWHUHVW LQ WKLV LQQRYDWLYH DSSURDFK� ZKLOH VWLOO
FHQWHUHG�LQ�6KLJD�3UHIHFWXUH��LV�VWHDGLO\�JURZLQJ�HOVHZKHUH�LQ�-DSDQ�
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,QWHUQDWLRQDO�/DNH�(QYLURQPHQW�&RPPLWWHH�)RXQGDWLRQ��,/(&���-DSDQ

5HVHDUFK�&HQWHU�IRU�6XVWDLQDELOLW\�DQG�(QYLURQPHQW��6KLJD�8QLYHUVLW\��-DSDQ

5HVHDUFK�&HQWHU�IRU�6XVWDLQDELOLW\�DQG�(QYLURQPHQW��6KLJD�8QLYHUVLW\��-DSDQ
�
.(<:25'6��,/%0��3$57,&,3$725<�0$1$*(0(17��(;3(5,(1&(�6<17+(6,6

2YHU WKH SDVW GHFDGHV� WKH ,QWHUQDWLRQDO /DNH (QYLURQPHQW &RPPLWWHH )RXQGDWLRQ �,/(&� KDV
EHHQ SURPRWLQJ WKH FRQFHSW RI ,QWHJUDWHG /DNH %DVLQ 0DQDJHPHQW �,/%0�� D PHWKRGRORJLFDO
IUDPHZRUN IRU PDQDJHPHQW RI ODNHV DQG WKHLU EDVLQV� ,W DLPV DW FRQWULEXWLQJ WR JUDGXDO� FRQWLQXRXV
DQG KROLVWLF LPSURYHPHQW RI ODNH EDVLQ JRYHUQDQFH RYHU D ORQJ SHULRG RI WLPH� :KLOH SXUVXLQJ ,/%0
LQ FROODERUDWLRQ ZLWK 6KLJD 8QLYHUVLW\� -DSDQ� ,/(& KDV ZLWQHVVHG D QXPEHU RI FDVHV ZKHUH ZKDW LV
FDOOHG ³+HDUWZDUH´ SOD\V DQ LPSRUWDQW UROH LQWHUWZLQLQJ ³6RIWZDUH´ �,QVWLWXWLRQV� 3ROLFLHV�
3DUWLFLSDWLRQ� ,QIRUPDWLRQ DQG .QRZOHGJH� DQG ³+DUGZDUH´ �7HFKQRORJ\ DQG )LQDQFH� WR LPSOHPHQW
LQWHUYHQWLRQ SURMHFWV� 7KH FRQFHSW RI +HDUWZDUH SHUWDLQV WR WKH ORQJ�WHUP KXPDQ�QDWXUH
LQWHUDFWLRQV LQYROYLQJ UHOLJLRXV DQG WUDGLWLRQDO YDOXHV� DV ZHOO DV FRPPXQDO PHPRULHV DQG IRONORUH
WKDW KDYH EHHQ SDVVHG GRZQ WKURXJK JHQHUDWLRQV LQ EDVLQ FRPPXQLWLHV� ,W LV DOVR FORVHO\ UHODWHG WR
WKH FRQFHSW RI ³VKDUHG YDOXHV´ ZKLFK FRQQHFW SHRSOH� FRPPXQLWLHV DQG JHQHUDWLRQV LQ WKHLU
SDUWLFLSDWLRQ LQ ODNH FRQVHUYDWLRQ LQLWLDWLYHV� 6RPH RI WKH ,/%0 +HDUWZDUH FDVHV KDYH EHHQ
UHSRUWHG LQ WKH LQWHUQDWLRQDO ZRUNVKRSV DQG V\PSRVLXPV KHOG DW /DNH &KLOLND �,QGLD�� /DNH %LZD
�-DSDQ�� WKH 6HYHQ /DNHV RI 6DQ 3DEOR �WKH 3KLOLSSLQHV�� DQG 6HODQJRU 5LYHU �0DOD\VLD��ZLWK
SDUWLFLSDQWV LQFOXGLQJ UHJLRQDO�LQWHUQDWLRQDO H[SHUWV� JRYHUQPHQW RIILFLDOV� FLWL]HQ JURXSV DQG
VWXGHQWV� ,/(& ZLVKHV WR LQFUHDVH WKH QXPEHU RI ,/%0 +HDUWZDUH FDVHV LQ RWKHU SDUWV RI $VLD DQG
LQ RWKHU UHJLRQV VR WKDW WKH FRQFHSW PD\ EH IXUWKHU HQULFKHG� DQG WKDW FRPSDUDWLYH DQDO\VLV RI WKH
UHVXOWV�PLJKW�SURGXFH�D�W\SRORJ\�IRU�IDFLOLWDWLQJ�IXUWKHU�SURPRWLRQ�RI�,/%0�JOREDOO\�
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8QLYHUVLW\�RI�&DVVLQR�DQG�6RXWKHUQ�/D]LR��,WDO\
�
.(<:25'6��/$.(�&202��/$&8675,1(�7285,60�6<67(0��,0%$/$1&(6��6867$,1$%,/,7<

/DNH &RPR LV RQH RI WKH PRVW IDPRXV WRXULVP EUDQGV ZRUOGZLGH� 7KH YLVXDO UHSUHVHQWDWLRQ RI WKH
EDVLQ SURILOH ZLWK WKH LFRQ RI %HOODJLR KDV D JOREDO DSSHDO� $V D WRXULVP GHVWLQDWLRQ� /DNH &RPR LV
KRZHYHU FKDUDFWHULVHG E\ OLWWOH WRXULVP IORZV� $ YDULHW\ RI FULWLFDO LVVXHV FDOO IRU D EHWWHU
XQGHUVWDQGLQJ RI /DNH &RPR DQG WRXULVP LQ PXOWLSOH VFLHQWLILF ILHOGV� 2Q RQH VLGH� WKH GHVWLQDWLRQ
KDV D FRQVROLGDWHG LPDJH EDVHG RQ OX[XU\ WRXULVP� WKLV LPDJH QHJDWLYHO\ LQIOXHQFLQJ WKH FLUFXODWLRQ
RI DOWHUQDWLYH LPDJHV EDVHG IRU LQVWDQFH RQ VSRUW DQG QDWXUH� 2Q WKH RWKHU VLGH� VRPH VWDWLVWLFDO
SUREOHP DW UHJLRQDO OHYHO XQGHUPLQH GDWD DQDO\VLV� WKLV ELDVLQJ SODQQLQJ DQG PDQDJHPHQW LQ
WRXULVP SROLFLHV� 7KLV SDSHU GLVFXVVHV &RPR /DNH WRXULVP LPEDODQFHV DQG SUHVHQWV HDUO\ UHVXOWV
RI DQ RQ�JRLQJ UHVHDUFK RQ WKHVH WRSLFV� 7KH OLVW RI PDMRU SUREOHPDWLF WRSLFV LQFOXGHV ILUVW WKH
JHRJUDSKLFDO FRQFHQWUDWLRQ RI WRXULVP IORZV DQG VHDVRQDOLW\� 6HFRQG� GLIIHUHQW W\SRORJLHV RI
WRXULVP DUH QRW FRQVLVWHQW ZLWK WKH RSSRUWXQLWLHV RIIHUHG E\ WKH ODUJHU HQYLURQPHQW� )RU LQVWDQFH�
HQYLURQPHQWDOO\ VXVWDLQDEOH WRXULVP LV OLWWOH SUDFWLFHG HYHQ WKRXJK WKH QDWXUDO HQYLURQPHQW ZRXOG
SURYLGH QXPHURXV VRXUFHV IRU HFRWRXULVP� 7KLUG� KRVSLWDOLW\ LV XQHTXDOO\ GLVWULEXWHG� /DUJHU OX[XU\
UHVRUWV RZQHG E\ H[RJHQRXV HQWUHSUHQHXUV GRPLQDWH WKH VHFWRU� 2Q WKH RWKHU VLGH� XQDXWKRUL]HG
EXLOGLQJ ± D VRPHKRZ IDPRXV SKHQRPHQRQ LQ ,WDO\ ± DQG WHUULWRULDO GLVVLSDWLRQ SUHYHQW VROLG GDWD
RQ VHFRQG KRPHV WKDW PLJKW FRQVWLWXWH DQ DOWHUQDWLYH WR WKH IRUPHU� )LUWK� FRRSHUDWLRQ LQ WRXULVP LV
IUDJPHQWHG DQG WRXULVP DV D VXVWDLQDEOH ORFDO GHYHORSPHQW LV QRW FOHDUO\ VXSSRUWHG� &LYLO VRFLHW\ LV
VFDUFHO\ LQYROYHG LQ FLYLO VRFLHW\� /DVW� WKH UHODWLRQV EHWZHHQ WRXULVP DQG RWKHU HFRQRPLF DQG VRFLDO
IXQFWLRQ LV QRW ZHOO EDODQFHG� ZKLOH WKH VRFLR�HFRQRPLF WUDQVLWLRQ WR D SRVW�LQGXVWULDO PRGHO V QRW
DFFRPSOLVKHG \HW� %\ GLVFXVVLQJ WKHVH OLPLWV WR /DNH &RPR VXVWDLQDEOH GHYHORSPHQWV� D QHZ
IXQFWLRQDO�DQG�WRXULVP�UHJLRQDOLVDWLRQ�LV�SURSRVHG�DV�DQ�H[LW�VWUDWHJ\�
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'HSDUWPHQW�RI�(QYLURQPHQWDO�6FLHQFH�DQG�/LPQRORJ\��%DUDNDWXOODK�8QLYHUVLW\��,QGLD
�
.(<:25'6��/$.(�%$6,1��62,/�(526,21��/$1'�86(�

7KH SUHVHQW VWXG\ ZDV FDUULHG RXW RQ D W\SLFDO WURSLFDO ODNH DOVR UHFRJQL]HG DV 5DPVDU VLWH LQ FLW\
RI %KRSDO LQ ,QGLD ZLWK ZDWHU VSUHDG DUHD RI �� VT NP DQG ��� VT NP DV LW EDVLQ� ,Q WKH
FRQVHUYDWLRQ DQG SURWHFWLRQ SODQ XQGHU GHYHORSPHQW IRU WKLV ODNH� FDWFKPHQW PDQDJHPHQW KDV
EHHQ WKH PDMRU FRQFHUQ DV ��� RI WKH DUHD LV UXUDO LQ QDWXUH DQG KDV �� YLOODJHV� KDV DJULFXOWXUH DV
SUHGRPLQDQW ODQG XVH FRYHULQJ DSSUR[LPDWHO\ ��� RI WKH DUHD RI WKH ODNH FDWFKPHQW� 7KH WKUHDW
SRVHG E\ WKH VRLO HURGHG IURP WKH DJULFXOWXUH ILHOG UHSRUWHG WR EH ���� P FXP RQ DQQXDO EDVLV� 7KH
ODNH YROXPH LV DSSUR[LPDWHO\ ��� P FXP DQG GHSRVLWLRQ RI VRLO LQ WKH ODNH DW WKLV UDWH LV OLNHO\ WR
H[KDXVW WKH ODNH YROXPH LQ DSSUR[LPDWHO\ �� \HDUV SHULRG� ,Q DGGLWLRQ WR WKLV � WKH FDWFKPHQW DOVR
LQWURGXFHV KXJH TXDQWLWLHV RI QLWURJHQ DQG SKRVSKRUXV FDXVLQJ HXWURSKLFDWLRQ� 7RROV DQG PHWKRGV
DYDLODEOH IRU SURWHFWLQJ ODNH IURP WKH HIIHFWV RI VRLO HURVLRQ DUH QRW IRXQG WR EH YHU\ HIIHFWLYH� DQG
WKHUHIRUH WKH ODNH YROXPH RU WKH OLIH RI WKH ODNH VXIIHUV IURP LUUHSDUDEOH ORVV� 7KH ODQG XVH SDWWHUQ
RI LWV FDWFKPHQW QHHGV WR EH FKDQJHG IDYRXUDEO\ FKDQJHG WR KXPDQ KDELWDWLRQ�SRSXODWLRQ RI
VXLWDEOH GHQVLW\� &DWFKPHQW SOD\V FULWLFDO UROH EXW WKH LQKHUHQW FRQIOLFW EHWZHHQ XSVWUHDP DQG
GRZQ VWUHDP SRSXODWLRQ LV D PDMRU FRQFHUQ DQG FRQVWUDLQW� 7KH SURSRVHG DSSURDFK DOVR FUHDWHV
SRWHQWLDO��OLYHOLKRRGV�RSSRUWXQLWLHV�IRU�WKH�LQKDELWDQWV�RI�WKH�FDWFKPHQW�
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8QLYHUVLW\�RI�*HQRD��)DFXOW\�RI�$UFKLWHFWXUH��,WDO\
�
.(<:25'6��92,'��/$1'6&$3(�,1)5$6758&785(6��6+$3,1*�6(77/(0(176

:KLFK ZLOO EH WKH UROH RI WKH ODNHV LQ WKH VSUHDG FLWLHV" 0XOWLFLWWjODJR LV D VWXG\ DERXW UHDGLQJV�
GLVFXVVLRQV DQG YLHZV RQ ODNH XUEDQ UHJLRQV� 7KH DQDO\VLV RI XUEDQ IRUP WKURXJK WKH XVH RI
ODQGVFDSH UHSUHVHQWV WKH FRQWHQW� WKH RULJLQDOLW\ DQG WKH SRWHQWLDO FKDQFHV RI VXFFHVV IRU ODNH
DUHDV� $QDO\]LQJ FLWLHV DQG PHWURSROLWDQ DUHDV� D IUDJPHQWHG DQG VSULQNOHG XUEDQ VFHQDULR
HPHUJHV� GXH WR D VKLIW KDSSHQHG LQ WKH ODVW GHFDGHV� IURP FORVH FLWLHV� ZKHUH FHQWUH DQG VXEXUEV
ZHUH FOHDUO\ LGHQWLILDEOH DV OLQNV EHWZHHQ PRUH FOXVWHUV� WR D SODQHWDU\ QHEXOD� ZKLFK LV QRW FOHDUO\
LGHQWLILDEOH� ZLWK QR IRUP DQG ERXQGDULHV� 7KH FULWLFDO TXHVWLRQ LV ZKDW FDQ KDSSHQ LI ZH DFW RQ WKH
OLPLW WKDW LV VWLOO YLVLEOH" /DNHV FDQQRW EH FRQVLGHUHG RQO\ DV ZDWHU PLUURUV� WKH\ DUH SOHQW\ V\VWHPV
LQFOXGHG LQ D FRPSOH[ ODQGVFDSH� WKLFN DQG IXOO RI YDULRXV UHODWLRQVKLSV� 5H�WKLQNLQJ IXWXUH
SHUVSHFWLYH DQG SODQQLQJ ODNHV DUHDV UHSUHVHQW WKH NHUQHO SRLQWV DQG WKH RSSRUWXQLWLHV IRU WKH
WUDQVIRUPDWLRQ RI D VSUHDG FLW\ LQ WKH XUEDQ QHW� 0XOWLFLWWjODJR UHYHDOV WKH PXOWL�GLPHQVLRQDO
FRPSOH[LWLHV� H[WHUQDOLWLHV DQG FURVV�GHSHQGHQFLHV ZLWKLQ WKH LQIUDVWUXFWXUHV� 7KH UHVHDUFK
H[DPLQHV KRZ D ODQGVFDSH� SHFXOLDU IRU LWV PRUSKRORJLFDO FKDUDFWHULVWLFV� FDQ EH FXOWLYDWHG DV D
V\VWHP WKDW LQFOXGHV PRELOLW\� OLIH� ZRUN� OHLVXUH DQG NQRZOHGJH� 7KH FDVH VWXG\ H[DPLQHV WKH
UHJLRQ RI SUH�DOSLQH ODNHV LQ WKH QRUWK RI ,WDO\ DQG GHYHORSV WZR GLIIHUHQW VFHQDULRV VWULFWO\ MRLQHG
HDFK RWKHU� VORZ WHUULWRULHV DQG ORZ VSHHG VWUDWHJLHV IRFXVHG RQ ORFDO� MRLQHG WR PHWURSROLWDQ ODNH
DUHD V\VWHP FKDUDFWHUL]HG E\ KLJK VSHHG VWUDWHJLHV IRFXVHG RQ JOREDO �PHJDORSROL�� 7KH FDVH
VWXG\ LV FRPSDUHG ZLWK RXWFRPHV RI RWKHU H[LVWLQJ XUEDQ UHVHDUFKHV FRQGXFWHG RQ RWKHU ODNHV LQ
WKH�ZRUOG�
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6DSLHQ]D�8QLYHUVLWj�GL�5RPD��,WDO\

6DSLHQ]D�8QLYHUVLWj�GL�5RPD��,WDO\

6DSLHQ]D�8QLYHUVLWj�GL�5RPD��,WDO\

6DSLHQ]D�8QLYHUVLWj�GL�5RPD��,WDO\

6DSLHQ]D�8QLYHUVLWj�GL�5RPD��,WDO\

6DSLHQ]D�8QLYHUVLWj�GL�5RPD��,WDO\

6DSLHQ]D�8QLYHUVLWj�GL�5RPD��,WDO\
�
.(<:25'6��$5&+,7(&785(��/$1'6&$3(��:$67(:$7(5�75($70(17

7KH SUHVHQW ZRUN LV SDUW RI D JURXS UHVHDUFK� FRRUGLQDWHG E\ 3LHUR 2VWLOLR 5RVVL DQG 5REHUWR
6HFFKL� RQ WKH VR�FDOOHG �&RGD GHOOD &RPHWD� ��7KH 7DLO RI WKH &RPHW��� WKH XUEDQ VHFWRU WKDW
SURMHFWV WKH FLW\ RI 5RPH WRZDUGV WKH VHD� 7KH VSHFLDO DWWHQWLRQ WKDW WKLV WHUULWRU\ PD\ GHVHUYH LV
GXH WR LWV VSHFLILF IHDWXUHV DQG SRWHQWLDOV� ,QGHHG� LW FRPSUHKHQGV WKH LQWHUQDWLRQDO KXE RI
)LXPLFLQR $LUSRUW DQG WKH 2VWLD� )LXPLFLQR � &LYLWDYHFFKLD SRUW V\VWHP� NH\ DFFHVV WR WKH FLW\ IURP
WKH DLU DQG VHD URXWHV� ³(QJUDYHG´ E\ D VWURQJ EXQGOH RI LQIUDVWUXFWXUH IRU PRELOLW\� DV ZHOO DV IRU
ZDVWH GLVSRVDO DQG K\GURORJLFDO FRQWURO� WKLV WHUULWRU\ LV LQFUHDVLQJO\ H[SDQGLQJ RQ PHWURSROLWDQ
IXQFWLRQV� )URP D FLW\ FRPSHWLWLRQ JOREDO SHUVSHFWLYH� WKH ³&RGD GHOOD &RPHWD´ LV PHDQW WR EHFRPH
WKH PDLQ D[LV RI IXWXUH XUEDQ GHYHORSPHQW� 'RFXPHQWHG E\ PDSV� GUDZLQJV DQG SKRWRJUDSKV WKH
UHSRUW LV GLYLGHG LQWR VHYHQ VHFWLRQV� �� 3RQGV RI 2VWLD DQG 0DFFDUHVH DQG PDUVKHV RI WKH $JUR
5RPDQR �5RPDQ 5XUDO /DQG�� �� /DQG 5HFODPDWLRQ ZRUNV RI WKH ODWH QLQHWHHQWK FHQWXU\ DQG WKH
HDUO\ \HDUV RI WKH WZHQWLHWK FHQWXU\� ³:DWHU 6KDSHV´� �� /DQGVFDSH UHPHGLDWLRQ� �� 7HUULWRULDO
WUDQVIRUPDWLRQ LQ WKH WZHQWLHWK FHQWXU\ DQG WKH SUHVHQW VLWXDWLRQ� �� 5H�F\FOLQJ WKH /DQG
5HFODPDWLRQ LQIUDVWUXFWXUHV� ³WKH /RZ /LQH´� �� 7KH /DQG 5HFODPDWLRQ K\GURJUDSKLF V\VWHP DQG
GURVVFDSHV��³/DQGV�RI�0RQVWHUV´�����5H�F\FOLQJ�'URVVFDSHV��2VWLD�$QWLFD�FDVH�VWXG\
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7KH SUHVHQW FROOHFWLYH UHVHDUFK LV DQ DWWHPSW WR V\VWHPDWL]H WKH ODUJH YDULHW\ RI WRSRORJLFDO
GHIRUPDWLRQ WKDW ODNHV FDQ SURGXFH DW WHUULWRULDO DQG XUEDQ OHYHO� ,Q SDUWLFXODU� WKH IRFXV LV
DGGUHVVHG WR WKRVH PHWURSROLWDQ DUHDV ZKHUH WKH VXEVWDQWLDO SDOLQGURPH VWUXFWXUH RI ODNHV FDQ EH
UHDG EH\RQG WKH VSHFLILF ORFDO FRQGLWLRQ� 6LPLODUO\ WR PDJQHWLF ILHOGV� ODNHV DOO RYHU WKH SODQHW VKDUH
D FRPPRQ EHKDYLRU� ,Q RUGHU WR EXLOG D UREXVW DUJXPHQW� WKH ,QWHUQDWLRQDO 3K' *URXS KDV VHOHFWHG
DQG�GRFXPHQWHG�,QWHUQDWLRQDO�DQG�,WDOLDQ�SUHFHGHQWV�
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6DSLHQ]D�8QLYHUVLW\�RI�5RPH��,WDO\

6DSLHQ]D�8QLYHUVLW\�RI�5RPH��,WDO\
�
.(<:25'6��/$.(��:$7(5)5217��5('(9(/230(17

7KH WKHVLV LV WKH WKHPH RI UHGHYHORSPHQW RI FHUWDLQ DUHDV LQVLGH WKH %UDFFLDQR /DNH� LQ SDUWLFXODU
WKH SURMHFW FRQFHUQV WKH $QJXLOODUD 6DED]LD FRDVW� D FRUH VHWWOHPHQW RYHUORRNLQJ WKH ODNH� 7KH
WKHVLV LV GHYHORSHG LQ WZR SDUWV� WKH ILUVW RQH DERXW WKH DQDO\VLV DQG FODVVLILFDWLRQ DQG WKH VHFRQG
RQH DERXW WKH SURMHFW� WKH SDUW RI DQDO\VLV GHVFULEHV WKH VHWWOHPHQW V\VWHP� WKH HQYLURQPHQWDO
V\VWHP DQG WKH DQWKURSLF V\VWHP� 7KH VHWWOHPHQW V\VWHP SRLQW RXW WKH FKDUDFWHULVWLFV RI WKH WKUHH
FRUHV VHWWOHPHQW ORFDWHG DURXQG WKH ODNH� $QJXLOODUD 6DED]LD� %UDFFLDQR� 7UHYLJQDQR 5RPDQR�
HDFK ODNH KDV LWV RZQ FKDUDFWHULVWLFV DQG UHODWHV WR WKH ODNH LQ D GLIIHUHQW ZD\� 7KH HQYLURQPHQWDO
V\VWHP GHVFULEHV WKH FRQGLWLRQV DQG ODQGVFDSH FRQVWUDLQWV LQ ZKLFK IUDPLQJ WKH %UDFFLDQR /DNH�
7KH DQWKURSLF V\VWHP SRLQW RXW� DOO WKH KXPDQ DFWLYLWLHV DORQJ WKH FRDVW� IORZV� WKH LQIUDVWUXFWXUH
FRQQHFWLRQ� F\FOLQJ SDWK� QDYLJDWLRQ URXWHV LQQHU WKH ODNH� )URP WKH VKLSSLQJ ODQHV WR LQWHUFHSW
VHFWLRQV RI FRDVW WR EH UHGHYHORSHG LGHQWLILHG DV VWUDWHJLF ORFDWLRQV ZLWK UHVSHFW WR FRDVWDO PDUJLQV�
7KLV DQDO\WLFDO GHILQHV WKH FRQGLWLRQV XVHIXO WR WKH SURMHFW� WKH $QJXLOODUD 6DED]LD FRDVW� 7KH
SURMHFW LV GHYHORSHG DORQJ WKH FRDVW RI ��� PHWHUV� WKH SURMHFW DUHD� EHFRPHV D ILOWHU VSDFH
EHWZHHQ WKH ODNH DQG WKH $QJXLOODUD 6DED]LD VHWWOHPHQW� 7KH PDLQ REMHFWLYH LV WR UHWUDLQ WKH FRDVW
DQG WR SURYLGH LW LQ DQ DSSURSULDWH PDQQHU RI QHFHVVDU\ HTXLSPHQW DQG VHUYLFHV� 7KH ZDWHUIURQW LV
WKH SDWKV¶ GHVLJQ� WKH JUHHQ V\VWHP� SDUNLQJ DUHDV� DQG DQ\ IXQFWLRQV� VXLWDEO\ GLVWULEXWHG DORQJ
WKH FRDVW �IRU H[DPSOH� VDLOLQJ VFKRRO� UHWDLO VSDFH� DQ DUHD GHGLFDWHG WR ILVKLQJ� HQWHUWDLQPHQW� DQG
UHOD[DWLRQ� 7KH SURMHFW KDV D ORZ HQYLURQPHQWDO LPSDFW� LW LQWHJUDWHV ZLWK WKH FRQWH[W ZLWKRXW DQ\
REVWUXFWLRQ WR WKH ODNH¶V YLHZ� IRU WKLV UHDVRQ D SDUW RI WKH SURMHFW ZLOO EH GHYHORSHG DW D ORZHU OHYHO
��ZLWKRXW�SURGXFLQJ�FXELF�DQG�UHVSHFWLQJ�WKH�ODQGVFDSH�DQG�HQYLURQPHQWDO�UHVWULFWLRQV�
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6DSLHQ]D�8QLYHUVLWj�GL�5RPD��'LSDUWLPHQWR�GL�$UFKLWHWWXUD�H�3URJHWWR��,WDO\�

6DSLHQ]D�8QLYHUVLWj�GL�5RPD��'LSDUWLPHQWR�GL�$UFKLWHWWXUD�H�3URJHWWR��,WDO\�

7KH 'HSDUWPHQW RI $UFKLWHFWXUH DQG 'HVLJQ RI 6DSLHQ]D 8QLYHUVLW\ RI 5RPH GHVLJQHG D SURMHFW
IRFXVHG RQ &KLRJJLD
V KDUERXUV IRU WKH IHDVLELOLW\ HYDOXDWLRQ RI WKH 6WUDWHJLF +DUERXU 3ODQ� 7KH
SURMHFW¶V LQWHQWLRQV DUH WR UHQHZ WKH DZDUHQHVV WRZDUGV WKH KDUERXU DVVHWV� FRKHUHQW ZLWK
IXQFWLRQDO DQG ORJLVWLF GHPDQGV� ERWK DFWXDO DQG SRWHQWLDO� RI WKH GLIIHUHQW VHFWRUV �ILVKLQJ� WRXULVP�
FRPPHUFH� VKLSEXLOGLQJ� DQG ZLWK WKH GHYHORSPHQW K\SRWKHVLV� EHLQJ DW WKH VDPH WLPH FDUHIXO RI
WKH DUFKLWHFWXUDO DSHFWV DQG WKHVDOW PDUVK FLW\¶V LGHQWLW\� 7KH SURMHFW SURSRVDO VHHNV IXQFWLRQDO DQG
VSDWLDO LQWHJUDWLRQ EHWZHHQ WKH KDUERXU� WKH FLW\ DQG WKH WHUULWRU\ WR UHDOL]H QHZ KDUERXU DUHDV DQG
SURSHU HQYLURQPHQWDO ILOWHU DQG FRQQHFWLRQ GHYLFHV LQ DFFRUGDQFH ZLWK WKH VDOW PDUVK HFRORJLHV�
7KH SODQ RI WKH QHZ KDUERXU DUHDV KDV EHHQ EXLOW WKURXJK DQ $UFKLWHFWXUDO SURMHFW� XQXVXDO EXW
HVVHQWLDO SURFHGXUH LI RQH LQWHQGV WKH FLW\¶V VSDFH DQG LWV UHODWLRQV ZLWK WKH ZDWHU DV D
SURMHFWXDO FRQVLGHUDWLRQ� %XLOGLQJ LQ D VDOW PDUVK LV WKH RFFDVLRQ IRU D ODQGVFDSH SURMHFW� D
QHZ (QYLURQPHQW LQWHQGHG DV D XVDEOH VSDFH� HFRORJLFDOO\ HIILFLHQW DW WKH VDPH WLPH� QRW RQO\ DEOH
WR PLQLPL]H DQG EDODQFH WKH LPSDFWV FRQQHFWHG ZLWK WKH H[LVWLQJ EXLOW DUHDV� EXW DOVR WR LPSURYH
WKH HQYLURQPHQWDO IHDWXUHV� JXDUDQWHH QHZ KDELWDWV� UHLQIRUFH WKH ELRGLYHUVLW\ LQ VDOW PDUVK
HFRV\VWHPV� UHFRQQHFW WKH FLW\ DQG WKH VDOW PDUVK IURP D IXQFWLRQDO SRLQW RI YLHZ ZLWK VSRUW VSDFHV
DQG�HTXLSPHQWV��HQYLURQPHQWDO�HGXFDWLRQ�DQG�QDWXUDOLVWLF�REVHUYDWLRQ�

35(6(17$7,21�7<3(��3267(5

���

��WK�:RUOG�/DNH�&RQIHUHQFH�������6HSWHPEHU�������3HUXJLD��,WDO\



06������/DNHVFDSHV�DQG�ZDWHU�DUFKLWHFWXUH

6DSLHQ]D�8QLYHUVLWj�GL�5RPD��,WDO\
�
.(<:25'6��5,9(5�3$5.��:$7(5��,17(5&211(&7,21�

7KH SURMHFW LV DQ XSJUDGLQJ RI WKH DUHD RI LQWHUHVW ORFDWHG LQ WKH UHVRUW RI %DGLQR � D VXEXUEV RI
7HUUDFLQD �/7�� RQ WKH FRDVW RI /D]LR� WKURXJK WKH GHYHORSPHQW RI WKH ULYHU 3RUWDWRUH DQG WKH
LPSOHPHQWDWLRQ RI ODQGVFDSH DQG VDLOLQJ DUUDQJHPHQWV� 7R VWDUW IURP WKH KLVWRU\ RI WKH VLWH � DQ
DUHD ILUPO\ OLQNHG WR WKH ULYHU DQG WR WKH VHD� DV LW ZDV RI WKH GHYHORSPHQW RI WKH 3RQWLQH PDUVKHV�
WR EXLOG D QHZ ODQGVFDSH ZLWK KLVWRULFDO DQG WRXULVWLF SXUSRVHV � )RU WKLV , SXUVXHG DQ LQWHUDFWLRQ
EHWZHHQ DUFKLWHFWXUH DQG QDWXUH� ZKLFK ZDV PDGH SRVVLEOH E\ DOORZLQJ WKH ULYHU LWVHOI WR EH SUHVHQW
LQ DOO SURMHFW� WKURXJK D V\VWHP RI SXULILFDWLRQ DQG FDQDOL]DWLRQ ZKLFK IORZV ERWK LQ WR FDQDOV LQVLGH
WKH SDUN� XVHG DV IXUQLWXUH DQG LGHQWLW\� LUULJDWLRQ IRU JDUGHQV� DQG DOVR DV YDULRXV SRROV SODFHG
WKURXJKRXW WKH DUHD� WKLV ZDV WKH EDVLF FRQFHSW IRU SURMHFW¶V GHYHORSPHQW� )URP KHUH� WKH DFWXDO
UHDOL]DWLRQ RI D QHZ QDWXUDO SDUN� ULFK LQ IORUD VHOHFWHG DQG DUUDQJHG DFFRUGLQJ WR QDWXUDO UHVRXUFHV
RI WKH DUHD� D QHZ PDULQD LQFOXGLQJ D FOXE KRXVH IRU URZLQJ FOXE� VKRSSLQJ DUHD DQG 1DY\¶V RIILFHV
ZLWK D QHZ GRFN LQFOXGHG � 3DUWLFXODU DWWHQWLRQ KDV EHHQ SDLG WR WKH ULYHU¶V EDQNV� HQKDQFHG E\
SHGHVWULDQ SDWKV� HTXLSSHG UHVW DUHDV� SLHUV IRU VDLOLQJ ERDWV� FDIp� ORRNRXW� 3URMHFW LGHD LV DLPHG
DW PDNLQJ D VLQJOH V\VWHP ZKLFK DULVHV IURP WKH LQWHUFRQQHFWLRQ EHWZHHQ H[LVWLQJ VXEV\VWHPV DQG
RQHV�WR�EH�GHVLJQHG��QDWXUH��ZDWHU�DQG�DUFKLWHFWXUH��IRU�D�QHZ�ODQGVFDSH�WR�OLYH�DQG�SHUFHLYH�
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$ ELJ FKDQJH KDSSHQHG LQ WKH ODQGVFDSH SHUFHSWLRQ LQ WKH PLGGOH RI ��WK FHQWXU\ LQ ,WDO\ DIWHU WKH
HUDGLFDWLRQ RI WKH PDODULD� )RU DJHV� EHIRUH NQRZLQJ WKH VFLHQWLILF UHDVRQ RI WKH GHVHDVH� SHRSOH
NQHZ WKDW WKH RQO\ ZD\ WR SUHVHUYH OLIH ZDV WR NHHS IDU �LQ GLVWDQFH RU HOHYDWLRQ� IURP FRDVWDO
ODNHV� ODJRRQV DQG PDUFKHV� HVSHFLDOO\ LQ VXPPHU� 7KLV EHKDYLRXU KDV DIIHFWHG OLIHVW\OHV�
ODQGVFDSH DQG WRZQSODQQLQJ �IDUPHUV GLGQ¶W OLYH RQ WKHLU ILHOGV� EXW PRYHG HYHU\ QLJKW WR YLOODJHV RQ
KLOOV�� WUDQVPLWWLQJ WKH LGHD WKDW WKH ZHWODQG KDG DOZD\V WR EH DYRLGHG� UHFRJQL]LQJ LQ LW WKH RULJLQ RI
WKH SUREOHP DQG D SODFH WR EH DIUDLG RI� +RZHYHU QRZGD\V� ZKHQ SHRSOH FRXOG DSSURDFK ZHWODQGV
ZLWKRXW IHDU� KXPDQ SUHVVXUH DQG XUEDQL]DWLRQ LPSRVHG UDGLFDO FKDQJHV� QRW RQO\ ZLWK WKH ORVV RI
FXOWXUH� WUDGLWLRQV DQG ORFDO FRPSHWHQFHV� EXW DOVR ZLWK WKH ELJ ORVV RI ELRGLYHUVLW\ DQG HFR V\VWHP
VHUYLFHV� ZLWK HIIHFWV RQ TXDOLW\ RI OLIH 7KH QHZ LQWHUHVW RQ ZHWODQG� DV D IUDJLOH HQYLURQPHQW DQG DQ
LPSRUWDQW SDUW RI ZDWHU F\FOH� VXJJHVWV D VSHFLDO DWWHQWLRQ WR ODQGVFDSH DUFKLWHFWV� 7KH UHVHDUFK
ZDQWV WR SRLQW RXW WKH DWWHPSV DQG WKH UHVXOWV LQ WKH UHDOL]HG SURMHFWV LQ WKH ZD\ WR �� ,PSURYH
WKH NQRZOHGJHV DQG WKH H[SHULHQFHV RI WKH SHRSOH RQ WHUULWRU\� WKH ODQGVFDSH SURMHFW DV HPRWLRQDO
DQG OHDUQLQJ SDWK DERXW DQLPDOV� YHJHWDWLRQ� KXPDQ DFWLYLWLHV� PLWK� KLVWRU\ �� 3XW �RU UHFRYHU�
SURGXFWLYH DFWLYLWLHV RU DJULFXOWXUDO XVHV ZKLFK DUH FRPSDWLEOH ZLWK WKH WHUULWRU\ DQG WKH HQYLURQPHQW
������&RQQHFW�XUEDQ�FHQWUH�DQG�ODQGVFDSH�LQ�DQ�KDUPRQLRXV�OLQN�
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.(<:25'6��,1)5$6758&785(��5(&/$0$7,21��5(6285&(

,Q D JLYHQ DUHD� LQIUDVWUXFWXUH LV ZKDW PDNHV OLIH SRVVLEOH� LW LV ZKDW PDNHV LW KDELWDEOH� 1RW E\ DQ\
PHDQV EXW LQ WKH SHUVSHFWLYH RI VXVWDLQDELOLW\� )RU WKLV UHDVRQ� WKH YHU\ LGHD RI LQIUDVWUXFWXUH
QHHGV WR EH UHWKRXJKW LQ D FRPSUHKHQVLYH DQG QRQ�VSHFLDOLVW ZD\� 7KH VWULFW IXQFWLRQDOLVP LQ WKH
YLHZ RI HIILFLHQF\ LV FRPPHQVXUDWH RQ OLPLWHG REMHFWLYHV �QRQ�LQWHJUDWHG� WKDW RIWHQ JHQHUDWH
LUUHYHUVLEOH LVVXHV� 7KLV DSSOLHV DV PXFK WR WKH PRELOLW\ LQIUDVWUXFWXUH DV IRU WKRVH RI WKH
PDQDJHPHQWV RI WKH ZDWHUV� WKH SURGXFWLRQ DQG WUDQVSRUW RI HQHUJ\ RU ZDVWH GLVSRVDO� 7KH QHZ
LQIUDVWUXFWXUH VKRXOG EH GHVLJQHG DV HQYLURQPHQWDO LQIUDVWUXFWXUH DV ZHOO DV WDUJHWHG WR LQGLYLGXDO
WHFKQLFDO SXUSRVHV� 7KH OHJDF\ RI ODQG UHFODPDWLRQ RI WKH 5RPDQ FRXQWU\VLGH LV VWLOO DOLYH EXW LQ
JUHDW GDQJHU� 7KH FRQVRUWLXP RI ODQG UHFODPDWLRQ WKDW PDQDJHV WKH QHWZRUN RI FDQDO V\VWHP DQG
PDQDJH WKH ZRUNV WR UHJXODWH WKH ZDWHU IORZ� SURYLGHV WKH EDODQFH RI WKH K\GURORJLF V\VWHP LQ WKH
PHWURSROLWDQ DUHD 5RPDQ HYHQ ZLWK GLIILFXOWLHV� 7KH FDQDO V\VWHP H[WHQGV WRZDUGV WKH VHD DQG WKH
DLUSRUW� DQ DUHD WKDW LV VWURQJO\ DIIHFWHG E\ GHYHORSPHQW LQLWLDWLYHV DQG WKH FRQFHQWUDWLRQ RI XVHV
IXQFWLRQLQJ DW PHWURSROLWDQ VFDOH� 7KH PDVVLYH XUEDQL]DWLRQ SURFHVV LQ WKH DUHDV EHWZHHQ WKH *5$
DQG WKH VHDVLGH WKUHDWHQV WKLV EDODQFH� 7KH ODFN RI PDLQWHQDQFH RI WKH FKDQQHO V\VWHP� WKH
FRPSURPLVHG HIILFLHQF\ RI WKH IDFLOLWLHV DW GLVSRVDO DQG WKH EOLQGQHVV RI ZKRP GRHVQ¶W VHH WKH ODQG
LPSURYHPHQW�DV�D�UHVRXUFH��LW�FRQVWLWXWH�D�PDMRU�WKUHDW�RI�WKLV�EDODQFH�RI�WKH�ZDWHU�V\VWHP�
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7KH IRFDO SRLQW LV WKH FUHDWLRQ RI D V\VWHP RI SDUNV � DFFHVVHV DQG WKHPHG JDUGHQV WKDW FUHDWHV D
XQLTXH XUEDQ SDUN� WKDW VWUHWFKHV IURP WKH XUEDQ WH[WXUH WR WKH ZDWHUIURQW� 7KH SURMHFW EHJLQ
IURP WKH DQDO\VLV RI WKH VLWH DQG LW HYROYHV WR WKH UH�VWDELOL]DWLRQ RI WKH LQWHUUHODWLRQVKLSV ZLWK WKH
VRFLDO� HQYLURQPHQWDO DQG KLVWRULFDO FRQWH[W� 7KH REMHFWLYH LV WKH FRPSRVLWLRQ RI FROOHFWLYH
LQWHUFRQQHFWHG XUEDQ VSDFHV� DLPHG WR WKH DFKLHYHPHQW RIQHZ ODQGVFDSH YDOXHV �
7KH HQYLURQPHQWDO DUW LV WKH YHFWRU RI NQRZOHGJH� LQ RUGHU WR EXLOG D GLDORJXH ZLWK WKHSODFH� $//
<28 &$1 3$5.� LV DQ RSSRUWXQLW\ IRU UHFRQILJXUDWLRQ RI VSDFHV � IXQFWLRQV DQG SVHXGR� QDWXUDO
HQYLURQPHQW � 7KH WHUP &$1� DV ZHOO DV VXJJHVWLQJ WKH DPSOLWXGH RI WKH SRVVLELOLW\ WKDW D SDUN FDQ
RIIHU WKH YLVLWRU�LW¶V DOVR DQ DFURQ\P� � & DV &XOWXUH 	 IXQ � $ DV $UW 	 LQWHUDFWLRQ DQG 1 DV 1DWXUH 	
HQHUJ\� 7KH YHJHWDWLRQ VSHFLHV FKRVHQ DUH UHODWHG WR WKH SRWHQWLDO YHJHWDWLRQ VWXGLHV� 7KH RQO\
H[FHSWLRQV KDYH EHHQ PDGH IRU WKH VHQVRU\ DQG WKH VXFFXOHQWV JDUGHQV� 7KLQNLQJ $// <28 &$1
3$5. DV D GHFOLQDWLRQ RI WKH XUEDQ JDUGHQ� WKH SRWHQWLDO IXQFWLRQV ZLOO EH PXOWLSOH DQG LQWHUDFWLYH�
$SDUW IURP EHLQJ D JUHHQ RDVLV LQ WKH JUD\ FHPHQW� WKH SDUN DOVR LPSURYHV WKH ODQGVFDSH TXDOLW\ RI
WKH YLOODJH DQG LW PLWLJDWHV WKH XUEDQ PLFURFOLPDWH� 0RUHRYHU� LW 
V DQ RSSRUWXQLW\ IRU WKH
HQYLURQPHQWDO�UHVWRUDWLRQ�RI�DEDQGRQHG�FRXQWU\VLGH�DQG�IRU�WUDQVIRUPLQJ�WKH�XUEDQ�VKDSH�
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7KH ZDWHUIURQW RI 1DSOHV LV D ZRUN RI DUW� DUFKLWHFWXUDOO\ DQG LQ LWV QDWXUDO VKDSH� 7KLV LV WKH UHDVRQ
ZK\ LW QHHGV WR EH SRVLWLRQHG DPRQJVW WKH ILQHVW SODFHV RI WKH FLW\� LI QRW RI WKH ZKROH FRXQWU\�
ZLWK D VWURQJ FXOWXUDO LGHD� D GRPLQDQW PRWLI DQG D XQLTXH GHVLJQ FRQFHSW� 7KH LGHD LV JLYLQJ EDFN
WR FLWL]HQ DQ H[FHSWLRQDO HQYLURQPHQW WKDW LV FDSDEOH RI VXJJHVWLQJ HPRWLRQV� LQWHUHVWV DQG
VHQVDWLRQV DOO WRJHWKHU LQ D VHDVLGH SURPHQDGH� 7KH SODQQLQJ SURSRVDO DULVHV IURP WKH ZLOO RI WKH
PXQLFLSDO DGPLQLVWUDWLRQ RI 1DSOHV ZKR GHPDQGHG D SHGHVWULDQ DUHD RQ YLD &DUDFFLROR� DQ
LPSRUWDQW VHDVLGH D[OH WKDW FRQQHFWV WKH HDVW WR WKH ZHVW VLGH RI WKH FLW\� 7KH DQDO\VLV KDV IRFXVHG
RQ WKH XUEDQ UROH DQG WKH VRFLDO YDOXH IHDWXUHG E\ WKH VHDVLGH IRU WKH FLW\� 8UEDQ UROH ZKLFK KDV WR
EH UHSODFHG IURP EHLQJ DQ LPSRUWDQW YHKLFXODU WUDIILF SRLQW DQG UHWXUQHG WR VRFLDO DFWLYLW\ ZLWK QHZ
UHVKDSHG IXQFWLRQV ZKLFK ZRXOG QRZ EH ZDONLQJ� SOD\LQJ DQG VWUROOLQJ DURXQG� 7KH SURMHFW OHG WR
JLYH QHZ PHDQLQJ WR WKH DUHD� IUHHLQJ YLD &DUDFFLROR IURP YHKLFOHV WKDQNV WR QHZ HOHPHQWV RI
XUEDQ JHRJUDSK\ ZKLFK ZRXOG QRZ EH LQWHQGHG WR EH FHQWUH RI DFWLYLWLHV WR VSHQG IUHH WLPH IRU
OHLVXUH� +RXVHV� ZRUNSODFHV� WKH HYHU\GD\ EXVLQHVVHV RQ RQH KDQG DQG WKH RSHQ VHD RQ WKH RWKHU�
,Q�WKH�PLGVW�WKH�EODQN�VSDFH�RI�WKH�ZDWHUIURQW�WKDW�LV�JLYHQ�EDFN�WR�FLWL]HQ�DV�D�OHGJH�RQ�WKH�VHD�
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.(<:25'6��:$7(5��5(6285&(��85%$1�/$1'6&$3(

:DWHU KDV EHHQ H[SORLWHG RYHU WKH DJHV IRU WKH PRVW YDULHG SXUSRVHV VXFK DV GHIHQVH� QDYLJDWLRQ�
WUDQVSRUW� LUULJDWLRQ WR WKH SRLQW WKDW LW KDV SURJUHVVLYHO\ ORVW LWV LPSRUWDQFH DQG JLYHQ ZD\ WR D
GHWHULRUDWLRQ RI WKH UHODWLRQVKLS EHWZHHQ FLW\� WHUULWRU\ DQG WKH ZDWHU V\VWHP� %\ UHWUDFLQJ WKH
QDWXUH RI WKH UHODWLRQVKLS EHWZHHQ ZDWHU DQG WKH XUEDQ ODQGVFDSH DQG E\ DQDO\]LQJ WKH XVH RI
ZDWHU LQ FRQWHPSRUDU\ ODQGVFDSH SURMHFWV ZH FDQ LGHQWLI\ D VHW RI FRQFHSWXDO DQG FRPSRVLWLRQDO
IHDWXUHV ZKLFK DUH FKDUDFWHULVWLF RI WKH ODQGVFDSH SURMHFW DQG DEOH WR VKDSH DQG JXLGH IXWXUH
SURMHFWV� ,Q WKH XUEDQ ODQGVFDSH� ZDWHU PXVW EHFRPH D UHOHYDQW HOHPHQW ZLWKLQ WKH SURMHFW JLYHQ LWV
GLUHFW DQG LQGLUHFW UHSHUFXVVLRQ RQ WKH WUDQVIRUPDWLRQ RI WKH XUEDQ FRQWH[W DQG LQ WKH PDQDJHPHQW
RI XUEDQ TXDOLW\� :DWHU HQULFKHV WKH XUEDQ ODQGVFDSH � PDNLQJ WKH FLW\ PRUH OLYDEOH DQG LPSURYLQJ
WKH PLFUR�FOLPDWH� )DFWRUV VXFK DV WKH VFDUFLW\ RI WKH ZDWHU UHVRXUFH� IORRGLQJ� DV ZHOO DV ZDWHU
FRQWDPLQDWLRQ DUH VLJQV RI WKH EDG UHODWLRQVKLS EHWZHHQ PDMRU LQGXVWULDOL]HG DUHDV DQG WKLV
UHVRXUFH� )URP EHLQJ DQ RSSRUWXQLW\ LW KDV EHFRPH D ULVN DQG D GDQJHU IRU WKH WHUULWRU\ DQG LWV
LQKDELWDQWV� 7KH REMHFWLYH LV WR LQWHJUDWH WKH HOHPHQW RI ZDWHU SHUIHFWO\ ZLWKLQ WKH XUEDQ GHVLJQ� ,W LV
IXQGDPHQWDO WKHUHIRUH WKDW WKH QHZ GHVLJQ EH LQWHJUDWHG ZLWKLQ WKH SUH�H[LVWLQJ XUEDQ ODQGVFDSH VR
DV WR PDNH WKH FLW\ QRW RQO\ PRUH OLYDEOH EXW DOVR PRUH DWWUDFWLYH � :DWHU FDQ EH UHLQWHUSUHWHG DV D
V\PERO ZLWKLQ WKH HUHFWHG FLW\ DEOH WR FUHDWH QHZ UHODWLRQV DPRQJ DQRQ\PRXV XUEDQ VSDFHV � DQG
PXVW WKHUHIRUH EH GHILQHG DV D SRVLWLYH WUDQVIRUPDWLYH HOHPHQW ZLWKLQ WKH XUEDQ FRQWH[W DEOH WR
WUDQVPLW�PDQ\�EHQHILWV�WR�LWV�LQKDELWDQWV��
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)URP WKH UHVXOWV RI VWXGLHV GRQH DQG H[DPSOHV LGHQWLILHG� LW LV FOHDU WKDW QDWXUDO HOHPHQWV DUH
HVVHQWLDO IRU WKH FRQVWUXFWLRQ RI WKH IXWXUH XUEDQ ODQGVFDSH� KHQFH YHJHWDWLRQ DQG ZDWHU PXVW
FRQWULEXWH DV PDMRU SOD\HUV LQ WKH WUDQVIRUPDWLRQ RI WKH XUEDQ ODQGVFDSH� 7KH ([SR LQ =DUDJR]D
ZDV FHQWUHG RQ WKH WKHPH RI �ZDWHU DQG VXVWDLQDEOH GHYHORSPHQW�� :H PXVW RSHUDWH IROORZLQJ WKLV
SULQFLSOH� ,W LV ZLGHO\ DFFHSWHG WKDW QDWXUH LQ WKH FLW\ KHOSV WR LPSURYH WKH HQYLURQPHQW� EXW LW LV
QHFHVVDU\ WR VHW XS D V\VWHP WR LQWHJUDWH WKLV DVSHFW ZLWK DUFKLWHFWXUH LQ DOO RSHUDWLRQDO GHVLJQV�
7KH UHODWLRQVKLS EHWZHHQ ZDWHU DQG DUFKLWHFWXUH FDQ DQG PXVW EH SUHVHQW ERWK LQ XUEDQ GHFRU DQG
RQ D ODUJH VFDOH� 7KH IXQGDPHQWDO UROH RI WKH VR�FDOOHG �:DWHUIURQW� SURMHFWV� ZKLFK KDYH LQYROYHG
SRUWV DV ZHOO DV FLWLHV RQ WKH VHD� ULYHUV DQG ODNHV� DUH D JRRG H[DPSOH RI WKLV� 7KH\ DUH LPSRUWDQW
QRW RQO\ IRU WKHLU SULPDU\ UROH LQ UHTXDOLILFDWLRQ SURJUDPV� EXW DOVR LQ D SHUFHSWXDO VHQVH� EHFRPLQJ
WKH IRFDO SRLQW RI UHJHQHUDWLRQ DQG RIWHQ EHLQJ WKH JDWHZD\ WR D WRWDOO\ QHZ UHIHUHQFH SRLQW IRU WKH
XUEDQ ODQGVFDSH� 7KHUH DUH QXPHURXV RWKHU H[DPSOHV� JRLQJ EH\RQG WKH VLPSOH UHQHZDO RI
ZDWHUIURQWV� $UFKLWHFWXUH FRQIURQWV LWVHOI ZLWK ZDWHU� FRQYHUVHV ZLWK LW DQG UHDFWV� HQJDJLQJ ZKROH
SRSXODWLRQV ZKLOVW DOVR DFWLYDWLQJ D QHZ SHUFHSWLYH PRGHO� 7KLV WKHPH LV QRW OLPLWHG RQO\ WR WKDW RI
UHFRYHU\� EXW IDOOV LQWR DQ RSHUDWLRQDO PRGH� SURSRVLQJ QHZ XUEDQ DUHDV� ZLWK ZDWHUIURQWV DQG
GLVWULFWV RQ WKH ZDWHU� 0RGHUQ FLWLHV KDYH DOVR UHGLVFRYHUHG WKH UROH RI IRXQWDLQV LQ SXEOLF DUHDV� IRU
WKH HQYLURQPHQW DV ZHOO DV IRU WKH LGHQWLW\ RI D SODFH� ZKHUH ZDWHU FRQWULEXWHV WR WKH FRQVWUXFWLRQ RI
QHZ SXEOLF VSDFHV IROORZLQJ LQQRYDWLYH FRQFHSWV ZKLFK HQODUJH WKH SHUFHSWLRQ RI WKH XUEDQ
ODQGVFDSH��:H�ZLOO�VWXG\�WKH�SKHQRPHQRQ�RI�WKH�IXWXUH�ODQGVFDSH�
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8QLYHUVLW\�RI�3HUXJLD��'HSDUWPHQW�RI�&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��,WDO\

8QLYHUVLW\�RI�3HUXJLD��'HSDUWPHQW�RI�&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��,WDO\

8QLYHUVLW\�RI�3HUXJLD��'HSDUWPHQW�RI�&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��,WDO\
�
.(<:25'6��75$6,0(12��$5&+,7(&785(��/$1'6&$3(

7KLV SUHVHQWDWLRQ RIIHUV D GLDFKURQLF ODQGVFDSH DQDO\VLV RI WKH ZHOO�HVWDEOLVKHG LPDJH RI /DNH
7UDVLPHQR� 7KH ODNH� ZLWK LWV WKUHH OXVK LVODQGV HPHUJLQJ IURP LWV ZDWHUV ± LVROD 0DJJLRUH �QLFHO\
VSRWWHG ZLWK D SLFWXUHVTXH LQKDELWHG KDPOHW�� LVROD 0LQRUH �D FRPSOHWHO\ LQWDFW HQYLURQPHQW�� DQG
LVROD 3ROYHVH �VFDWWHUHG ZLWK LPSRUWDQW KLVWRULFDO DQG DUWLVWLF UHPDLQV� ² KDV D ���NLORPHWUH
SHULPHWHU DQG D VXUIDFH DUHD RI ��� VTXDUH NLORPHWUHV �HQWLUHO\ ILW IRU VZLPPLQJ�� 7KURXJK WKH
FHQWXULHV� WKH ODNH KDV DOZD\V EHHQ D XQLTXH DQG SUHFLRXV UHVRXUFH IRU D UHJLRQ ZKLFK KDV QR
GLUHFW DQG FRQYHQLHQW ZDWHU FRQQHFWLRQ ZLWK WKH VHD� 'XH WR WKH IDFW WKDW WKH ODNH LV VKDOORZ DQG LWV
ZDWHUV UHJHQHUDWLRQ YHU\ VORZ �WKHUH LVQ¶W� DV D PDWWHU RI IDFW� D QDWXUDO WULEXWDU\ ULYHU WR WKH ODNH��
WKH DQFLHQW ODFXV 7UDVLPHQXV VKRUHV ZHUH QRWRULRXVO\ NQRZQ WR EH VZDPS\ DQG LQVDOXEULRXV� 2Q
WKH RWKHU KDQG� WKHVH QDWXUDO FRQGLWLRQV KDYH SUHVHUYHG WKH ODNH IURP EHLQJ LQWHQVHO\ XUEDQL]HG�
7R LPSURYH WKH OLYLQJ FRQGLWLRQV DORQJ WKH ODNH¶V VKRUHV� IUHTXHQW ZRUNV KDYH EHHQ FRQGXFWHG LQ
WKH DUHD� DOO DLPHG DW UHJXODWLQJ ZDWHU GUDLQ DQG FRQVXPSWLRQ IRU IDUPLQJ SXUSRVHV� WKRXJK IRU
WKRXVDQGV RI \HDUV WKH LQKDELWDQWV RI WKH DUHD KDYH SUHIHUUHG OLYLQJ XS�FRXQWU\ DQG RQ WKH KHDOWK\
KLOOV DURXQG WKH ODNH �&DVWHO 5LJRQH� 0DJLRQH� 0RQWHFRORJQROD� 3DFLDQR� 3DQLFDOH� 6DQ 6DYLQR�
7XRUR�� RQO\ RFFDVLRQDOO\� WKH\ KDYH FRORQL]HG WKH IHZ URFN\ QHFNV RI ODQG VWUHWFKLQJ LQWR WKH ODNH
�&DVWLJOLRQH GHO /DJR� 0RQWH GHO /DJR� 3DVVLJQDQR� 6DQ )HOLFLDQR�� 6LQFH WKH ODVW FHQWXU\� DIWHU
FRPSOHWLQJ WKH FRQVWUXFWLRQ RI GDPV� RXWIDOOV� DQG ZDWHU FKDQQHOV� WKHUH KDYH EHHQ YDULRXV
DWWHPSWV WR SURPRWH KRXVLQJ DQG� PRVW RI DOO� WKH FRQVWUXFWLRQ RI WRXULVW UHVRUWV� $V D UHVXOW� YDVW
DUHDV DGMDFHQW WR WKH ODNH¶V VKRUHV KDYH EHHQ SURJUHVVLYHO\ RFFXSLHG E\ VHPL�SHUPDQHQW
FDPSVLWHV DQG GHYHORSPHQW LQ WKH VKDSH RI VHD UHVRUWV DQG VDQG\ EHDFKHV� 7KHVH UHFHQW
LQLWLDWLYHV KDYH GHHSO\ WUDQVIRUPHG WKH ODQGVFDSH DQG WKH ROG LFRQRJUDSKLF WUDGLWLRQ RI WKH DUHD
LQKHULWHG IURP WKH SDVW� LQ VRPH FDVHV� XQIRUWXQDWHO\� WKH UHFHQW SHUYDGLQJ SUHVHQFH RI PDQ KDV
LUUHSDUDEO\ GDPDJHG WKH QDWXUDO EHDXW\ RI WKH VFHQHU\ SRUWUD\HG E\ WKH JUHDW 0DVWHUV RI WKH SDVW
�QRWDEO\� WKH JUHDW 5HQDLVVDQFH SDLQWHU 3LHWUR 9DQQXFFL� XS WR *HUDUGR 'RWWRUL� DQG FHOHEUDWHG LQ
WKH ZULWLQJV RI VRPH RI WKH JUHDWHVW 1RUWK (XURSHDQ *UDQG 7RXU WUDYHOOHUV ZKR YLVLWHG 8PEULD LQ
WKH�;9,,,�DQG�;,;�FHQWXU\��DPRQJ�WKHP�+DQV�&KULVWLDQ�$QGHUVHQ�DQG�*HRUJH�%\URQ��
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6DSLHQ]D�8QLYHUVLWj�GL�5RPD��,WDO\
�
.(<:25'6��:$7(5�/$1'6&$3(6��5$06$5�&219(17,21��$%58==2�1$7,21$/�3$5.

7KH SDSHU LQWHQGV WR SUHVHQW VRPH WKHRUHWLFDO FRQVLGHUDWLRQV DQG WKH SRVVLEOH RSHUDWLRQDO LPSDFWV
UHODWHG WR WKH LQVWDELOLW\ RI WKH ZDWHU ODQGVFDSHV IURP DQ H[SHULPHQWDO UHIOHFWLRQ FDUULHG RXW LQ WKH
DFDGHPLF ILHOG RQ WKH FDVH RI %DUUHD /DNH ZKLFK LV ORFDWHG LQ WKH $EUX]]R 1DWLRQDO 3DUN� RXWOLQLQJ
WKH WRSLF LQ WKH FXUUHQW VFLHQWLILF GHEDWH� DQG LQ UHODWLRQ WR VRPH EHVW�SUDFWLFHV LGHQWLILHG LQ WKH
(XURSHDQ SDQRUDPD DQG EH\RQG� 7KH ZHWODQG WKDW LQFOXGHV WKH EDVLQ DQG WKH HFRWRQDO ]RQHV LV
LQVHUWHG VLQFH ���� LQ WKH SURWHFWHG DUHDV OLVW RI WKH 5DPVDU &RQYHQWLRQ� 7KH ODNH� IRUPHG LQ ����
E\ D GDP FRQVWUXFWLRQ DFURVV WKH 6DQJUR 5LYHU� DV PDQ\ EDVLQV DLPHG IRU HQHUJ\ XVH� KDV D
YDULDEOH ZDWHU UHJLPH� 7KH GU\ XS LQ VXPPHU LV SHUFHLYHG DV D VRXUFH RI LPSRYHULVKPHQW IRU
ELRGLYHUVLW\ DQG DV D QHJDWLYH IDFWRU IRU WKH RYHUDOO TXDOLW\ RI WKH ODQGVFDSH IRU LQVWDQFH WR
MHRSDUGL]H WKH WRXULVP HFRQRP\ RI WKH DUHD� 7KLV FRQGLWLRQ LQGXFHV WKH 0XQLFLSDOLW\ DQG WKH ORFDO
SRSXODWLRQ WR VXSSRUW WKH SURMHFW IRU WKH FRQVWUXFWLRQ RI D QHZ HDUWKHQ GDP� ZKLFK ZRXOG JXDUDQWHH
WKH SHUPDQHQFH RI D VPDOO XSVWUHDP ZDWHU UHVHUYRLU� FRPSURPLVLQJ WKH EDVLQ XQLW\ DQG LWV VSHFLILF
FKDUDFWHUV QRZ FRQVROLGDWHG� ,Q DOLJQPHQW ZLWK WKH UHVHDUFK DQG DFFRPSOLVKPHQWV� RI PDMRU
LQWHUHVW� H[SHULPHQWHG RQ VLPLODU VLWXDWLRQV LQ UHFHQW \HDUV� WKH WRSLF RI DOWHUQDWLRQ LV QRW
FRQVLGHUHG DV FULWLFLVP EXW DV D UHVRXUFH� LQ WHUPV RI GHOLYHU\ RI HFRV\VWHP VHUYLFHV DQG IRU WKH
TXDOLW\ RI WKH ODQGVFDSH LQ JHQHUDO� WR EH WDNHQ DV D YDOXH �HFRORJLFDO DQG HFRQRPLF� ZLWKLQ D QHZ
GHVLJQ�YLVLRQ�LQWHJUDWHG�E\�WKH�ODNH�ODQGVFDSH�
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6DSLHQ]D�8QLYHUVLWj�GL�5RPD��)DFROWD�GL�$UFKLWHWWXUD��'LSDUWLPHQWR�GL�$UFKLWHWWXUD�H�3URJHWWR��,WDO\
�
.(<:25'6��+<'52*(2/2*,&$/�5,6.��:$7(5�675(66��&2//(&7,9(�,0$*,1$5<

723,& ,Q WKH PRVW UHFHQW KLVWRULFDO SHULRGV � WKH WKHPH �ZDWHU� LQ WKH ODQGVFDSH DUFKLWHFWXUH KDV
XQGHUJRQH VRPHWKLQJ RI D SURFHVV RI QHJDWLRQ DQG PDUJLQDOL]DWLRQ� ZKLFK KDV FRQWULEXWHG RYHU WKH
\HDUV WR D UHDO WULYLDOL]DWLRQ RI WKLV UHVRXUFH � $ �UHVRXUFH VLOHQFH� WKDW OHG WR VFHQDULRV RI XQFHUWDLQ
DQG ZHDN VWUXFWXUH� ZKHUH WKH ILIWK PLQJOH UHFHQW XUEDQ HGJH DQG DQWLTXH VLJQV� PDFUR
�LQIUDVWUXFWXUH VWD\V DQG KLVWRULFDO � FXOWXUDO � HFRORJLFDO TXDOLW\ � HQYLURQPHQWDO DQG GHWUDFWRUV� $
�VLOHQW� ZKLFK� LQFUHDVLQJO\ � LV WUDQVIRUPHG LQWR �VFUHDP�� ZLQQLQJ WKH SXEOLF DQG FDXVLQJ SURIRXQG
FKDQJHV DQG WKH VHDUFK IRU D QHZ EDODQFH� 7KXV� WKH ZDWHU IDFWRU� ZKLFK KDV KLVWRULFDOO\ EHHQ D
FULWLFDO FRPSRQHQW LQ WKH SURFHVVHV RI VWUXFWXULQJ RI WKH WHUULWRU\� KDV� RYHU WLPH� LQFUHDVLQJO\ WDNHQ
FRQQRWDWLRQV UHODWHG WR WKH VXEMHFW FRQWHQW RI HQYLURQPHQWDO GHVLJQ� EHFRPLQJ RQH RI WKH PRVW
LPSRUWDQW NH\V RI UHDGLQJ LQ WKH LQWHUSUHWDWLRQ WKH HPHUJHQFH RI QHZ SDUDGLJPV� WKH DZDUHQHVV RI
OLPLWHG QDWXUDO UHVRXUFHV� WKH SXUVXLW RI HFRORJLFDO TXDOLW\ RI KRXVLQJ V\VWHPV� WKH PRGLILFDWLRQ RI
WKH UHODWLRQVKLS EHWZHHQ QDWXUH � DUWLILFH� WKURXJK WKH GHYHORSPHQW RI QHZ WHFKQLFDO SRVVLELOLWLHV
XQNQRZQ XQWLO D IHZ \HDUV DJR� 7$5*(7 7KH DLP RI WKH FRQWULEXWLRQ LV WR H[WUDSRODWH FULWHULD DQG
TXDOLWDWLYH DQG TXDQWLWDWLYH SDUDPHWHUV DGDSWHG WR GHILQH D PHWKRGRORJLFDO VXSSRUW DQG DSSOLFDWLRQ
WR WKH GHVLJQ RI D QHZ EDODQFH �K\GUR�ORJLFDO� EHWZHHQ DEXQGDQFH DQG VFDUFLW\ RI ZDWHU� 2EMHFWLYH
WKURXJK WKH UHDGLQJ DQG DQDO\VLV RI WKH FDVH VWXGLHV LGHQWLILHG� DQG WKH LGHQWLILFDWLRQ RI D VHW RI
UHIHUHQFH JXLGHOLQHV XQGHU WKUHH FDWHJRULHV RI LQWHUYHQWLRQ� ³3UHYHQWLQJ 5LVN� 3URWHFWLRQ RI SRRU
ZDWHU UHVRXUFH� ,QIRUPDWLRQ DQG (QYLURQPHQWDO $ZDUHQHVV´� 5(68/7 7KH ILQDO FKRLFHV DUH
H[WUDSRODWHG IURP WKH SURMHFWV DQDO\]HG LQ WKH LQWHOOLJHQFH DQG UHFRQVWUXFWLRQ RI D UHODWLRQVKLS RI
LQWHOOLJLELOLW\ EHWZHHQ WKH SDUWLHV �HQYLURQPHQW � VRFLDO JURZWK � HFRQRPLFV DQG PDQDJHPHQW� WKHLU
IRXQGDWLRQV� � LGHQWLILFDWLRQ RI WKH SUREOHP DQG K\GURJHRORJLFDO ULVN PDQDJHPHQW WR SURWHFW WKH
TXDOLW\ RI ZDWHU ERGLHV� � WKH SXUVXLW RI D FRPSUHKHQVLYH YLHZ RI WKH ODQGVFDSH RI UHIHUHQFH� WR
HQVXUH ZLGHVSUHDG HFRORJLFDO DQG HQYLURQPHQWDO TXDOLW\� � HQKDQFHPHQW LQ NH\ IUXLWLRQ� LQWHUDFWLYH
DQG VHFXULW\ DQG WKH UHGHILQLWLRQ RI WKH V\VWHP RI WUDQVSRUW DQG FRPPXQLFDWLRQV� � WKH
LGHQWLILFDWLRQ RI D FRQWURO ORJLF WHUULWRULDO SXEOLF� WR HQVXUH WKH EDODQFH EHWZHHQ SXEOLF DQG SULYDWH
LQWHUHVWV� � SDUWLFLSDWLRQ LQ DFWLYH FKRLFHV RI VRFLHW\� WR DFKLHYH D VHGLPHQWDWLRQ RI NQRZOHGJH DQG
UXOHV RI EHKDYLRU� 675(1*7+6$1' :($.1(66(6 7KH VWUHQJWK FRPPRQ WR WKHVH FKRLFHV LV WKH
H[SDQVLRQ RI WKH GHYHORSPHQW SURFHVV RI : RYHU WKH WHFKQRORJLFDO DQG HFRQRPLF VROXWLRQ OLPLWHG
WR WKH PDQDJHPHQW RI WKH HIIHFWV� UDWKHU LWV WUDQVIHU WR WKH ³H[�DQWH´ UHVROXWLRQ RI WKH FDXVHV RI
GLVFRPIRUW� RIWHQ WKH UHVXOW RI D UHFNOHVV UXQ LQQRYDWLRQ IRU LWV RZQ VDNH� DQG , SUHIHUUHG� WKHUHIRUH�
WKH DVVXPSWLRQ SHUFHSWLYH � FXOWXUDO� ,W UHIHUV� WKHUHIRUH� WR HQFRXUDJH D QHZ DWWLWXGH RI DFWLYH
SURWHFWLRQ DQG PDQDJHPHQW� ZKLFK JRHV EH\RQG WKH WUDGLWLRQDO FRQFHSWLRQ PDUNHGO\ LGHDOLVWLF RI
WKH ERQG>�@� LQ IDYRU RI D PXOWLGLVFLSOLQDU\ DSSURDFK WR HQYLURQPHQWDO GHVLJQ� +RZHYHU� WKH FKRLFH
WR UHEXLOG D XQLILHG IRUP IRU WKH JXLGHOLQHV WR XUEDQ SODQQLQJ� HQYLURQPHQWDO� WHFKQLFDO� VFLHQWLILF�
SKLORVRSKLFDO DQG FXOWXUDO LQVLJKWV FDQ VNLS WKRVH ZKR UHFRJQL]H WKH VSHFLILFLW\ RI WKH SODFHV WKH
KLJKHVW SRLQW RI VXSSRUW FRPSRVLWLRQDO DVSHFW� 7KH GLYHUVLW\ RI ODQGVFDSHV ZDV DQDO\]HG� QDPHO\�
FRPSUHVVHG LQWR D VLQJOH KRUL]RQ RI PHDQLQJ� EH\RQG WKH FKDRV� IUDJPHQWDWLRQ DQG GHQVLW\ RI
REMHFWV WKDW SHUPHDWH WKH RWKHU GLVFLSOLQHV� 7KLV LV QRW D SURFHVV RI KRPRJHQL]DWLRQ� EXW WKH GHVLUH
WR GHPRQVWUDWH KRZ WKH GLVFLSOLQH RI ODQGVFDSH FDQ EH WKH FRQQHFWLYH EHWZHHQ WHFKQLFDO DQG
HFRORJLFDO DUW SUDFWLFH� EH\RQG VL]H� SRVLWLRQ DQG VSDWLDO FRQIRUPDWLRQ RI WKH VLWH� 5(&,3,(16 ,Q
FRQFOXVLRQ� DOWKRXJK HYHU\ LQQRYDWLRQ LPSOLHV KHU IDXOW>�@� WKDW KLV DFFLGHQW� WKH VSHHFK VKRXOG EH
EURXJKW IRUZDUG LQ WKH LPSOHPHQWDWLRQ RI DOO WKH FULWHULD IRU WKH GHVLJQ� LPSOHPHQWDWLRQ DQG
HYDOXDWLRQ RI WKH VXVWDLQDELOLW\ RI WHFKQRORJLHV JHQHUDOO\ DSSOLHG WR QDWXUDO UHVRXUFHV� ,Q WKLV VHQVH�
IXWXUH UHVHDUFK VKRXOG QRW RQO\ DGGUHVV WKH LQWHUSUHWDWLYH DVSHFWV RI WKH SUREOHP� UDWKHU WKDQ DQ
H[SHULPHQWDO SUDFWLFH ZKLFK FRYHU WKH FRQFUHWH DFWLRQV DV ZHOO DV PHQWDO� 'HVLJQHUV� FRPSDQLHV
DQG SURGXFHUV� WHFKQLFDO DQG UHJXODWRU\ SXEOLF ERGLHV� DV ZHOO DV WKH VFLHQWLILF FRPPXQLW\ DQG WKH
ORFDO SRSXODWLRQ� PD\ DFW DFFRUGLQJ WR WKHLU UHVSHFWLYH SRZHUV� WKH\ FDQ SURYH WKDW EHOLHI SUHFLRXV
WKDW�FDQQRW�EH�GLFWDWHG�EXW�RQO\�OLYHG��\RX�FDQ�SDLQW�HYHU\WKLQJ�\RX�MXVW�DEOH�WR�VHH�LW>�@�
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6DSLHQ]D�8QLYHUVLW\�RI�5RPH��,WDO\
�
.(<:25'6��),&./(�/$1'6&$3(��:$7(5�)/2:��:$7(5�$5&+,7(&785(

7KLV FRQWULEXWLRQ SUHVHQWV WKH UHODWLRQVKLS EHWZHHQ ZDWHU ODNH IORZ DQG ODQGVFDSH VKRUHV� ,Q
SDUWLFXODU� WKH %DUUHD /DNH� ORFDWHG LQ WKH $EUX]]R 1DWLRQDO 3DUN� ,WDO\� LV WKH REMHFW XQGHU VWXG\�
,QQRYDWLYH ZD\V WR WDNH DGYDQWDJH RI ODQG ULFKQHVV DQG QHZ JRYHUQPHQW SROLF\ KDYH EURXJKW WR DQ
H[WUHPHO\ GLIIHUHQW GHVLJQ PHWKRG IRU ORFDO DUUDQJHPHQWV� ,Q WKLV VFHQDULR� WKH ZRUN GHVFULEHV KRZ
WR PDLQWDLQ WKH FKDUDFWHULVWLFV RI %DUUHD /DNH ODQGVFDSH� ZKLFK KDV H[WUHPHO\ FKDQJHDEOH
HQYLURQPHQWDO FRQGLWLRQV� DQG� DW WKH VDPH WLPH� KRZ WR IXOILOO WKH QHZ GHPDQGLQJ UHTXLUHPHQWV�
6SHFLILFDOO\� WKLV SURMHFW PDLQWDLQV DQG XVHV WKH ODQGVFDSH YDULDELOLW\� DOZD\V FRQVLGHUHG D
ZHDNQHVV� WXUQLQJ LW LQWR VWUHQJWK� 7KH UHVXOW LV D PDVWHUSODQ ZKLFK HQKDQFHV DQG LQFUHDVHV WKH
ODNH YDOXH� :H FDQ VXP XS E\ WKHVH NH\ ZRUGV WKH UHDVRQV ZK\ LW LV HQULFKHG DQG EHFRPHV PRUH
HQMR\DEOH GXH WR WKH SURSRVHG VROXWLRQV� � 5HYHUVLELOLW\� DFKLHYHPHQW RI VWURQJ ODQG�FRQVWUXFWLRQ
ZLWKRXW PRGLI\LQJ WKH FXUUHQW VWDWXV RI WKH ZDWHU VSDWLDO G\QDPLFV � 6ORZ PRELOLW\� WKUHH YLOODJHV
DURXQG WKH ODNH DUH FRQQHFWHG E\ WZR NLQGV RI PRELOLW\� F\FOH DQG SHGHVWULDQ ZD\V DQG VKLS FDQDOV�
� ,QWHJUDWLRQ� WKH SUHVHQW XUEDQ DQG ODQG VWUXFWXUH LV LQFOXGHG DQG DSSUDLVHG E\ WKH SURMHFW SURFHVV
LQ D QHZ LPDJH RI WHUULWRULDO GLYLVLRQ� � 5H�EXLOW ILJXUDELOLW\� ZLWK QHZ ODQGPDUN HOHPHQWV� � 'RXEOH
XVDELOLW\� WKH ODQG VSDFH GHVLJQ HPSKDVL]HV WKH WZRIROG IXQFWLRQ RI WKLV DUHD GXH WR WKH SUHVHQFH RU
DEVHQFH�RI�ZDWHU�
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8QLYHUVLW\�IRU�)RUHLJQHUV�RI�3HUXJLD�

',$3��6DSLHQ]D�8QLYHUVLW\�RI�5RPH��,WDO\

',$3��6DSLHQ]D�8QLYHUVLW\�RI�5RPH��,WDO\

',$3��6DSLHQ]D�8QLYHUVLW\�RI�5RPH��,WDO\

+�&8��6DSLHQ]D�8QLYHUVLW\�RI�5RPH��,WDO\
�
.(<:25'6��+<'5$8/,&�(1*,1((5,1*��$5&+,7(&785(��)/22'�5,6.

&RDVWDO DUHDV LQ WKH SUR[LPLW\ RI PDMRU FLWLHV DUH RIWHQ WKH VXEMHFW RI ERWK LQWHQVH DQG XQUHJXODWHG
XUEDQL]DWLRQ DQG VLJQLILFDQW ZDWHU PDQDJHPHQW LVVXHV �VDOLQL]DWLRQ� VXEVLGHQFH� IORRG ULVN� VHZHUV�
«�� (IILFLHQW ZDWHU ULVN PDQDJHPHQW DQG ODQG�XUEDQ�IOXYLDO SODQQLQJ SURMHFWV IRU WKRVH WUDQVLWLRQDO
DUHDV UHSUHVHQW D YHU\ GLIILFXOW VFHQDULR EHFDXVH RI WKH QHHG RI LPSOHPHQWLQJ GLYHUVH DQG
PXOWLGLVFLSOLQDU\ GLVFLSOLQHV LQFOXGLQJ VSHFLILFDOO\ K\GURJHRORJ\� K\GURORJ\� JHRPRUSKRORJ\�
K\GUDXOLFV� ODQGVFDSH DQG XUEDQ DUFKLWHFWXUH� 7KH FRPELQDWLRQ RI WKH FRPSHWHQFHV SHUWDLQLQJ WR
FLYLO HQJLQHHULQJ DQG DUFKLWHFWXUDO WHUULWRULDO GHVLJQ DUH YHU\ GLIILFXOW WR LQWHJUDWH DQG WHUULWRULDO�XUEDQ
SODQQHUV DQG GHFLVLRQ PDNHUV RIWHQ JDWKHU GLVKRPHJHQHRXV DQG QRQ�LQWHJUDWHG WHFKQLFDO
LQIRUPDWLRQ UHJDUGLQJ SRWHQWLDO VROXWLRQV IURP H[SHUWV RI GLIIHUHQW GLVFLSOLQHV WKDW GRQ¶W ³WDON WR HDFK
RWKHU´� 7KH FRDVWDO DUHD RI WKH 7LEHU ULYHU RXWOHW LQ WKH SUR[LPLW\ RI WKH 5RPH XUEDQ DUHD LV D
VWDQGDUG VDPSOH FDVH RI WKH ODFN RI HIILFLHQW DQG LQWHJUDWHG DUFKLWHFWXUDO DQG HQJLQHHULQJ
PDQDJHPHQW DQG GHVLJQ� 7KLV ZRUNV SUHVHQW WKH SUHOLPLQDU\ UHVXOWV RI D FRPELQHG HIIRUW RI
K\GURORJLVWV� K\GUDXOLF HQJLQHHUV DQG ODQGVFDSH DUFKLWHFWXUH H[SHUWV IRU VROYLQJ WKH IORRG ULVN DQG
XUEDQ SODQQLQJ PDQDJHPHQW LVVXHV DIIHFWLQJ WKH 5RPH FRDVWDO DUHD ZLWK VSHFLILF UHJDUG WR WKH
UHGHVLJQ RI WKH FRPSOH[ VHWWLQJ RI WKH 2VWLD�)LXPLFLQR DUHD IRU VPDUW� VDIH DQG VXVWDLQDEOH OLYLQJ RI
FRDVWDO�DUHD�SRSXODWLRQV�
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0LQLVWU\�RI�WKH�(QYLURQPHQW��7RN\R��-DSDQ

3DFLILF�&RQVXOWDQWV�&R���7RN\R��-DSDQ

3DFLILF�&RQVXOWDQWV�&R���7RN\R��-DSDQ

3DFLILF�&RQVXOWDQWV�&R���7RN\R��-DSDQ

3DFLILF�&RQVXOWDQWV�&R���2VDND��-DSDQ
�
.(<:25'6��&/,0$7(�&+$1*(��9(57,&$/�0,;,1*��'2�&21&(175$7,21

8VLQJ WKH RXWSXW �WHPSHUDWXUH� VRODU UDGLDWLRQ DQG UDLQIDOO� RI WKH 05,�$*&0���6 FOLPDWH PRGHO
PDGH E\ -DSDQ 0HWHRURORJLFDO 5HVHDUFK ,QVWLWXWH DV WKH FDOFXODWLRQ FRQGLWLRQ� IXWXUH FKDQJHV LQ
ZDWHU WHPSHUDWXUH� YHUWLFDO PL[LQJ DQG ZDWHU TXDOLW\ ZDV SUHGLFWHG� DQG WKH LPSDFW WR WKH
HFRV\VWHP RI /DNH %LZD DQG LW¶V ZDWHUVKHG ZDV DVVHVVHG� 7KH UHVXOW VKRZHG WKDW� GXH WR
LQVXIILFLHQW GURS LQ VXUIDFH�LQWHUPHGLDWH ZDWHU WHPSHUDWXUH LQ WKH ZLQWHU� YHUWLFDO PL[LQJ VWRSV IRU
WKUHH \HDUV ZLWKLQ WHQ \HDUV RI QHDU IXWXUH FOLPDWH FRQGLWLRQ� FDXVLQJ '2 OHYHO LQ WKH ERWWRP OD\HU WR
GHFUHDVH DQG GHSOHWH� &RQVHTXHQWO\� WRWDO SKRVSKRUXV HVSHFLDOO\ WKH FRQFHQWUDWLRQ RI SKRVSKRULF
DFLG ZRXOG LQFUHDVH LQ WKH ERWWRP OD\HU� 7KH LPSDFW RI GHFUHDVLQJ '2 OHYHO LQ WKH ERWWRP OD\HU WR
,VD]D �*\PQRJRELXV LVD]D� ZDV DVVHVVHG DW PHGLDQ OHWKDO FRQFHQWUDWLRQ �/&���� ,W LV SUHGLFWHG
WKDW� DW ��P GHSWK� WKH '2 FRQFHQWUDWLRQ PD\ EH OHVV WKDQ /&�� WKURXJKRXW D \HDU IRU D FHUWDLQ
\HDU� %DVHG RQ WKH ILQGLQJV RI WKLV VWXG\� IXUWKHU DVVHVVPHQW RI FOLPDWH FKDQJH LPSDFWV RQ /DNH
%LZD ZLOO EH FRQGXFWHG� ,Q DGGLWLRQ� DVVHVVPHQW RI FOLPDWH FKDQJH LPSDFWV RQ /DNH +DFKLUR� /DNH
,NHGD DQG RWKHU ODNHV LQ -DSDQ ZLOO EH FRQGXFWHG XVLQJ D VLPLODU PHWKRG� $IWHU WKHVH DVVHVVPHQWV�
D�VXPPDU\�RI�LPSDFWV�RI�FOLPDWH�FKDQJH�RQ�ODNHV�LQ�-DSDQ�ZLOO�EH�FRPSLOHG�XVLQJ�WKHVH�UHVXOWV�
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1DXVKDG�$OL�6DURYDU�6DPYDUGKLQL��,QGLD

,QGLDQ�$VVRFLDWLRQ�RI�$TXDWLF�%LRORJLVWV��,$$%���$XUDQJDEDG��,QGLD

)RXQGDWLRQ�IRU�,QWHJUDWHG�5XUDO�'HYHORSPHQW�WKURXJK�$JUL�ELRWHFK��(QHUJ\�DQG�(QYLURQPHQW��),5'$((��
$XUDQJDEDG��,QGLD
�
.(<:25'6��85%$1�/$.(6��,/%0��6$09$5'+,1,6�/$.(

$IWHU UHYLYLQJ FXUUHQW VWDWXV RI XUEDQ ODNHV LQ PHWURSROLWDQ FLWLHV LQ ,QGLD LW KDV EHHQ REVHUYHG WKDW
QXPEHU RI ODNHV KDYH HLWKHU YDQLVKHG� ORVW RU XQGHU WKUHDWHQHG FRQGLWLRQ GXH WR QXPEHU RI UHDVRQV
LQFOXGLQJ LQGXVWULDOL]DWLRQ� XUEDQL]DWLRQ DQG DQWKURSRJHQLF LQWHUYHQWLRQ� %HFDXVH RI WKLV VLWXDWLRQ
ZDWHU UHVRXUFHV DUH VORZO\ YDQLVKLQJ DQG JURXQG ZDWHU UHVRXUFHV LQ SDUWLFXODU KDYH GULHG XS� 1RZ
*RYHUQPHQW RI ,QGLD DIWHU UHDOL]LQJ WKH VHULRXV SUREOHP RI ZDWHU VFDUFLW\ LV HYROYLQJ DQG GHYHORSLQJ
VWUDWHJLHV IRU UHMXYHQDWLRQ� UHVWRUDWLRQ DQG FRQVHUYDWLRQ RI H[LVWLQJ ODNH ZDWHU LQ WKH FRXQWU\�
0LQLVWU\ RI (QYLURQPHQW DQG )RUHVW �0R()� KDV GHYHORSHG 1DWLRQDO /DNH &RQVHUYDWLRQ
3URJUDPPH �1/&3� XQGHU ZKLFK DW SUHVHQW �� ODNHV RI WKH FRXQWU\ KDYH EHHQ LQFOXGHG IRU
SURWHFWLRQ RI ZDWHU UHVRXUFHV� +RZHYHU WKHUH DUH QXPEHU RI ODNHV ZKLFK DUH ORFDWHG LQ XUEDQ DQG
VHPL XUEDQ DUHDV� ZKLFK QHHG LPPHGLDWH DWWHQWLRQ IRU WKHLU SURWHFWLRQ� ,Q YLHZ RI WKLV VLWXDWLRQ WKH
SUHVHQW FRQFHSW RI HVWDEOLVKPHQW RI /DNH 6DPYDUGKLQL DW HDFK PDMRU ODNH ZLOO KHOS LQ FRQVHUYDWLRQ
DQG VXVWDLQDEOH PDQDJHPHQW RI WKH H[LVWLQJ ZDWHU ERGLHV� *OREDOO\ LQ RUGHU WR FRQVHUYH ODNHV DQG
RWKHU ZDWHU ERGLHV ,QWHJUDWHG /DNH %DVLQ 0DQDJHPHQW �,/%0� FRQFHSW KDV EHHQ GHYHORSHG DQG
VLPLODU W\SH RI FRQFHSW ZLWK PLQRU DOWHUDWLRQ VXLWDEOH WR RXU FRXQWU\ KDV EHHQ GUDZQ DQG PHQWLRQHG
LQ WKH SUHVHQW SDSHU� )RU HIIHFWLYH LPSOHPHQWDWLRQ RI WKH SURJDPPH IRU FRQVHUYDWLRQ DQG
VXVWDLQDEOH PDQDJHPHQW RI ODNHV WKH UROH RI VDPDYDUGKLQLV DQG LWV RSHUDWLRQ PHFKDQLVPV QHHG WR
EH�XQGHUVWRRG�DQG�VDPH�LV�GHVFULEH�KHUH�����
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8QLYHUVLW\�RI�WKH�3XQMDE��3DNLVWDQ

8QLYHUVLW\�RI�WKH�3XQMDE��&(0%��/DKRUH��3DNLVWDQ

3&6,5��3XQMDE��3DNLVWDQ

&HQWHU�IRU�,QWHJUDWHG�0RXQWDLQ�5HVHDUFK��&,05���8QLYHUVLW\�RI�WKH�3XQMDE��/DKRUH��3DNLVWDQ�
�
.(<:25'6��(19,5210(17$/�0$1$*(0(17�����,1',*(1286�:,6'20�����/$.(�%25$7��1257+(51�3$.,67$1

)RU HQYLURQPHQWDO UHYLWDOL]DWLRQ� LQGLJHQRXV ZLVGRP FDQ SOD\ D SLYRWDO� 7R DSSUDLVH WKH
FRQVLVWHQF\ RI ORFDO NQRZOHGJH UHVRXUFH� KLVWRULFDO GHYHORSPHQW RI WKH /DNH %RUDW� �WKH ODUJHVW
QDWXUDO VDOLQH ZDWHU ODNH LQ WKH 1RUWK ORFDWHG �� �� � 1� �� �� � (� VXUURXQGHG E\ WKH
.DUDNRUXP DQG +LGX�.XVK 5DQJH� ORFDO FRPPXQLW\ YLHZV ZHUH SUREHG� %RUDW /DNH LV ��IW GHHS
ORFDWHG DERXW ���� P DVO VSULQJ ZDWHU� XQGHUJURXQG /DNH LGHQWLILHG DV µHYHUODVWLQJ¶ VDOWZDWHU ODNH
�&KLQHVH (QJLQHHUV� ������ /DNH LV D VLJQLILFDQW VDQFWXDU\ IRU PLJUDWRU\ ZLOGIRZO EXW LV LJQRUHG�
/RFDO REVHUYDWLRQV RI WKH KLVWRULFDO GHYHORSPHQW RI WKH /DNH KDUGO\ HYHU DFFRPSOLVK KDUPRQ\ DQG
ORFDO SHUFHSWLRQV RIWHQ GLIIHUHQW ZLWK HYHU\ RWKHU YHULILFDWLRQ� 0RUHRYHU� UHVXOWV HYHQ YDU\ REWDLQHG
IURP FKURQRORJLFDO PDSV DQG DHULDO SKRWRJUDSKV� *LYHQ WKHUH ZDV DQ LQFRPSDWLEOH DQG YDULDEOH
ORFDO FRPPXQLW\ SRLQW RI YLHZ DERXW D PRGHUDWHO\ VWUDLJKWIRUZDUG HQYLURQPHQWDO FRQFHUQV� 7KH
RXWORRN RI WKH UHVLGHQWV WRZDUGV WKHVH RSSRUWXQLWLHV DQG SUREOHPV ERWK LV TXLHW FRPSOH[ ZKLFK
UHIOHFWV WKH WUDGLWLRQDO SHUFHSWLRQV� VRFLDO VHWXS� NQRZOHGJH DQG HFRQRPLF FRQGLWLRQV� 7KH VWXG\
H[DPLQHV DW OHQJWK WKH HQYLURQPHQWDO LPSDFWV DQG WKH RXWFRPH RI WKH VRFLDO VHW XS RQ WKH
OLYHOLKRRG� LQIUDVWUXFWXUH DQG RYHUDOO HFRQRP\ RI WKH FRPPXQLW\� ,QWURGXFLQJ WKH 6RFLR�(FRORJLFDO
3URGXFWLRQ /DQGVFDSHV DQG 6HDVFDSHV� NQRZOHGJH�SUDFWLFHV ZLWKRXW GLVWXUELQJ WKH QDWXUDO
HQYLURQPHQW EXW E\ XVLQJ WKH ORFDO ZLVGRP LQ DQ LQQRYDWLYH ZD\ LV WKH FRUH IRFXV RI WKH VWXG\� 7KH
FRQILJXUDWLRQ RI WKH QHWZRUN LQ WKH VWXG\ DUHD ZLOO EH GHYHORSHG E\ XVLQJ *,6�56 WHFKQLTXHV� D
FRPSUHKHQVLYH VWXG\ LV VXJJHVWHG IRU UHFRPPHQGLQJ D SODQ WR UHYLWDOL]H WKH ODNH DQG LWV
ZDWHUVKHG��
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,QWHUQDWLRQDO�/DNH�(QYLURQPHQW�&RPPLWWHH�)RXQGDWLRQ��,/(&���-DSDQ
�
.(<:25'6��(&26<67(0�6(59,&(��32/,&<��'(9(/23,1*�&28175,(6

'HYHORSLQJ FRXQWULHV DUH IDFLQJ D PRUH DQG PRUH VHYHUH GLOHPPD EHWZHHQ HFRQRPLF GHYHORSPHQW
DQG HFRV\VWHP SURWHFWLRQ� HVSHFLDOO\ LQ GHVLJQLQJ DQG LPSOHPHQWLQJ HIIHFWLYH SROLFLHV� 7KLV VWXG\
SURSRVHV D PHWKRGRORJ\ RI 3D\PHQWV IRU ,PSURYLQJ (FRV\VWHP 6HUYLFHV RQ WKH :DWHUVKHG 6FDOH
�3,(6�:� DV D VROXWLRQ� 3,(6�: LV IRXQGHG RQ LQVWLWXWLRQDO DQG EHKDYLRUDO HFRQRPLF WKHRULHV� ,W
UHVXOWV LQ HFRQRPLF�HFRORJLFDO�VRFLDO ZLQ�ZLQ�ZLQ VFHQDULRV IRU FROOHFWLYH DFWLRQV LPSOHPHQWDEOH E\
GLYHUVH VWDNHKROGHUV UHVLGLQJ ZLWKLQ D ZDWHUVKHG� 3,(6�: ZLOO EH D SRZHUIXO SXEOLF SROLF\
LQVWUXPHQW IRU D IXQGDPHQWDO WUDQVLWLRQ WR VXVWDLQDEOH GHYHORSPHQW� $ FDVH VWXG\ LV SUHVHQWHG WR
LOOXVWUDWH KRZ WR GHYHORS DQG FRPSDUH GLIIHUHQW VFHQDULRV LQ WKH ZDWHUVKHG FRPSRVHG RI QRUWKHUQ
/DNH /DJXQD� 3DVLJ 5LYHU� DQG 0DQLOD %D\ LQ 7KH 3KLOLSSLQHV� 7KLV VWXG\ LQWHQGV WR GUDZ WKH
DWWHQWLRQ RI QDWXUDO DQG VRFLDO VFLHQWLVWV DV ZHOO DV SUDFWLWLRQHUV WR D WUDQVGLVFLSOLQDU\ DSSURDFK RI
HFRV\VWHP�PDQDJHPHQW�LQ�WKH�QHZ�HUD�RI�GHYHORSPHQW�XQGHU�WKH�LPSDFW�RI�JOREDO�FOLPDWH�FKDQJH�
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,QWHUQDWLRQDO�(QYLURQPHQWDO�0DQDJHPHQW�6HUYLFHV�/WG�
�
.(<:25'6��:$67(:$7(5�75($70(17��',5(&7�&2676��,1',5(&7�&2676

7KHUH LV RQJRLQJ GHEDWH DERXW WKH DIIRUGDELOLW\ RI ZDVWHZDWHU WUHDWPHQW� HVSHFLDOO\ EXW QRW OLPLWHG
WR GHEDWH LQ GHYHORSLQJ FRXQWULHV� :DVWHZDWHU WUHDWPHQW LV RIWHQ VHHQ DV D OX[XU\ WKDW FDQ LOO EH
DIIRUGHG E\ JRYHUQPHQWV WKDW DUH LQFUHDVLQJO\ VKRUW RI IXQGV� 7KLV SUHVHQWDWLRQ ORRNV DW VRPH RI
WKH �FRVWV� RI QXWULHQW HQULFKPHQW LQ WKH DTXDWLF HQYLURQPHQW� 7KHVH FRVWV LQFOXGH QRW RQO\ WKH
DFWXDO FRVW RI ZDVWHZDWHU WUHDWPHQW IDFLOLW\ RSHUDWLRQV��WKH FROOHFWLRQ� FRQYH\DQFH DQG WUHDWPHQW RI
ZDVWHZDWHUV��EXW DOVR DW WKH QRQ�PRQHWDU\ FRVWV RI HQYLURQPHQWDO GHJUDGDWLRQ� 3ROOXWHG ZDWHUV�
LPSDLUHG IRU PDQ\ KXPDQ XVHV� EULQJ KLGGHQ FRVWV ZKLFK VRPH JRYHUQPHQWV PD\ QRW FRQVLGHU LQ
WKHLU GHWHUPLQDWLRQ RI ZKHWKHU WR WUHDW ZDVWHZDWHU DW VRXUFH� 7KHVH FRVWV LQFOXGH KXPDQ KHDOWK
LPSDFWV DVVRFLDWHG ZLWK WKH WUDQVPLVVLRQ RI ZDWHU�ERUQH GLVHDVHV� SXEOLF KHDOWK FRQFHUQV
DVVRFLDWHG ZLWK SDUDVLWHV DQG RWKHU RUJDQLVPV WUDQVPLWWHG WKURXJK DTXDWLF HQYLURQPHQWV� WR[LF
VXEVWDQFHV� ORVW DHVWKHWLFV� DQG GDPDJHG LQIUDVWUXFWXUH DQG HTXLSPHQW� 2WKHU FRVWV VXFK DV ORVW
UHYHQXHV IURP GHFUHDVHG WRXULVP� ORVV RI IDYRXUHG ILVKHV IRU VDOH LQ GRPHVWLF DQG H[SRUW PDUNHWV�
DQG�VLPLODU�LQGLUHFW�FRQVHTXHQFHV�RI�SROOXWHG�ODNHV�DQG�UHVHUYRLUV�DOVR�DUH�GLVFXVVHG�
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%DLNDO�,QIRUPDWLRQ�*5$1��UXVVLD

%XU\DW�6WDWH�8QLYHUVLW\��5XVVLD
�
.(<:25'6��/$.(�%$,.$/�%2;��(19,5210(17$/�('8&$7,21�7(&+12/2*,(6��3238/$5�6&,(1&(�(',7,216�)25�&+,/'5(1

/DNH %DLNDO SUHVHUYDWLRQ DV WKH ELJJHVW IUHVK ZDWHU WDQN RQ WKH SODQHW LV WKH JRDO RI DOO WKH SHRSOH�
DQG HVSHFLDOO\ RI WKH SHRSOH OLYLQJ RQ WKH FRDVW� 7KH PDLQ REMHFWLYH RI %DLNDO LQIRUPDWLRQ FHQWHU
�*UDQ�� 1*2 ZKLFK , OHDGHU� LV HQVXULQJ WKH ZRUOG FRPPXQLW\ DFFHVV WR WKH LQIRUPDWLRQ RQ WKH
JUHDWHVW ODNH� %DLNDO LQIRUPDWLRQ FHQWHU �*UDQ� KDV UHFHQWO\ ILQLVKHG D SURMHFW WKDW KHOSV FKLOGUHQ
DQG DGXOWV WR OHDUQ PRUH DERXW %DLNDO� 7KH SURMHFW ZDV SRVVLEOH WKDQNV WR WKH SXEOLF RUJDQL]DWLRQ
DQG XQLYHUVLW\ SDUWQHUVKLS� 7KH XQLTXH HGXFDWLRQDO DQG PHWKRGLFDO VHW �/DNH %DLNDO %R[� LQFOXGHV
VWXGHQW¶V ERRN� HGXFDWLRQDO JDPH ZLWK FDUGV� &' DQG WZR PDSV� ,W LV SXEOLVKHG LQ WZR ODQJXDJHV�
5XVVLDQ DQG (QJOLVK� 7KH VHW LV IRU FKLOGUHQ RI SULPDU\ DQG PLGGOH VFKRRO DJH DQG LW FDQ EH XVHG
GXULQJ OHVVRQV LQ ELRORJ\� KLVWRU\� QDWLYH ODQJXDJH� DQG DOVR LQ H[WUDFXUULFXODU WLPH DV ZHOO DV LQ
SURMHFWV� 7KH FUHDWLRQ RI �/DNH %DLNDO %R[� VKRXOG EH FRQVLGHUHG DV RQH RI VWHSV WR WKH
LQWURGXFWLRQ RI WKH �HGXFDWLRQ IRU VXVWDLQDEOH GHYHORSPHQW �(6'�� FRQFHSW� WKH HVVHQFH RI ZKLFK LV
LQ LPSOHPHQWDWLRQ RI SUDFWLFH�IRFXVHG HGXFDWLRQ� ,W LV HYLGHQW WKDW RULHQWDWLRQ RQ SUDFWLFH LQ WKH
5HSXEOLF RI %XU\DWLD DQG RWKHU QHLJKERULQJ UHJLRQV HGXFDWLRQ IXOILOOV LQ DFWLYLWLHV RI XQLTXH /DNH
%DLNDO SURWHFWLRQ DQG SUHVHUYDWLRQ IRU IXWXUH JHQHUDWLRQV� 7KLV LV DQ LPSRUWDQW LVVXH RI
HQYLURQPHQWDO HGXFDWLRQ V\VWHP� 'DWD RQ IORUD DQG IDXQD� PHWKRGLFDO PDWHULDOV� DQG DOVR WKH
LQIRUPDWLRQ RQ KLVWRU\ DQG WRGD\
V ODNH SUHVHUYDWLRQ� FUHDWLYH WDVNV DQG TXHVWV DUH IRXQG LQ WKH VHW
�/DNH %DLNDO %R[�� :H ZRXOG OLNH WR GLVFXVV WKH SUREOHPV RI IUHVK ZDWHU� SUHVHUYDWLRQ RI WKH ODNH¶V
ELRGLYHUVLW\� HFRWRXULVP GHYHORSPHQW� WKH SUREOHPV FRQQHFWHG ZLWK %DLNDO DW WKH FRQIHUHQFH� 7KH
(QJOLVK YDULDQW RI �/DNH %DLNDO %R[� FRXOG EHFRPH DQ HGXFDWLRQDO LQWHUGLVFLSOLQDU\ VXEMHFW IRU
GHYHORSHG ODNHVLGH WHUULWRULHV VWXGLHG ZRUOGZLGH� 7KH EDVLF PHWKRGLFDO SULQFLSOH RI WKH HGXFDWLRQDO
VHW LV EDVHG RQ WKH LQWHJUDO� LQWHUGLVFLSOLQDU\ DSSURDFK� DV ZHOO DV HGXFDWLRQ IRU VXVWDLQDEOH
GHYHORSPHQW� 7KH SURMHFWV RIIHUHG IRU WHDFKHUV DQG VFKRRO VWXGHQWV FRQWDLQ D ZLGH UDQJH RI VRFLDO
SUREOHPV� SUHVHUYDWLRQ RI KHDOWK DQG VXSSRUW RI ORFDO IRRG SURGXFWLRQ� SUHVHUYDWLRQ RI JUHHQ
SODQWLQJV DQG ELRORJLFDO NQRZOHGJH GHYHORSPHQW� HWKQLF WUDGLWLRQV VWXG\ RI ZDWHU XVDJH DQG
ELRGLYHUVLW\ SUHVHUYDWLRQ DQG PDQ\ RWKHU LVVXHV� :H ZRXOG OLNH WR SUHVHQW DQG RIIHU IRU GLVFXVVLRQ
DW WKH FRQIHUHQFH WKHVH DQG RWKHU SUREOHPV FRQQHFWHG ZLWK %DLNDO DV ZHOO DV SUREOHPV RI SRSXODU
VFLHQFH�HGLWLRQV�IRU�FKLOGUHQ�FRQFHUQLQJ�ZRUOG�ODNHV�DV�PLUURUV�RI�WKH�HDUWK��
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$VVRFLD]LRQH�1D]LRQDOH�$UFKHRORJL��,WDO\
�
.(<:25'6��7$560,1$6���75$6,0(12��',9,1,7,(6��/,9(5

,Q WKH 7DEXOD &RUWRQHQVLV �D EURQ]H SODWH IURP &RUWRQD� ZH ILQG� LQ (WUXVFDQ FKDUDFWHUV� WKH QDPH
ZKLFK ZDV OLNHO\ XVHG E\ WKH (WUXVFDQV WR FDOO WKH ODNH 7UDVLPHQR� 7DUVPLQDV� $W WKH WLPH WKH ODNH
EDVLQ ZDV GLYLGHG EHWZHHQ WKH VXUURXQGLQJV WHUULWRULHV RI WKH (WUXVFDQ &HQWUHV RI &KLXVL� &RUWRQD
DQG 3HUXJLD� $URXQG WKH FRDVW RI WKH ODNH WKHUH KDYH EHHQ PDQ\ ILQGLQJV� PRVW RI WKHP UHIHUUHG WR
VDQFWXDULHV ORFDWHG LQ WKH DUHDV RI LQIOXHQFH RI WKH WKUHH (WUXVFDQ WRZQV� 7KH HSLJUDSKLF GDWD
IRXQG LQ WKHVH ILQGLQJV PDNH UHIHUHQFH WR WKH QDPH RI WKUHH GLYLQLWLHV� &DYWKD� 7HF H &HO� 7KH
VKDSH RI WKH ODNH DQG WKH JHRJUDSKLFDO GLVWULEXWLRQ RI WKH ILQGLQJV UHVHPEOH WKH VDPH SRVLWLRQ DQG
GLVWULEXWLRQ RI WKHVH GLYLQLWLHV LQ WKH %URQ]H $UWLIDFW NQRZQ DV ³3LDFHQ]D /LYHU´� 7KH 7UDVLPHQR
/DNH FDQ EH VHHQ DV D ELJ VDFUHG DUHD �D WHPSOXP� LQ ZKLFK DOO WKH GLYLQLWLHV KDG WKHLU RZQ SODFH
DQG UROH� $ UHOLJLRXV V\VWHP� DQLPLVWLF DQG QDWXUDOLVWLF� DV WKH (WUXVFDQ UHOLJLRQ ZDV GHGLFDWHG
WR ELRV DQG WKDQDWRV� OLIH DQG GHDWK� WKHLU F\FOHV DQG SDVVDJHV� $QRWKHU UHOHYDQW DVSHFW UHJDUGV
WKH ZD\ WKH DQFLHQW SRSXODWLRQV XVHG WR FRQVLGHU D ODNH� DV LQODQG DQG FORVHG ZDWHUV� 2SSRVLWH WR
WKH QXUWXULQJ EHQHILWV RI ODNHV ZHUH WKH EODFN DQG RPLQRXV VLGHV RI GDUN SODFHV� ZHUH WKH LQODQG
DQG FORVHG ZDWHUV ZHUH GHILQHG VWDJQLV 7KUDV\PHQQXV RSDFLV �7UDVLPHQR� VWDJQDQW ZDWHUV DQG
RSDTXH� DV 6LOLXV ,WDOLFXV LQ KLV 3XQLFD� ,9� ������� GHVFULEHV WKH /DNH GXULQJ WKH 7UDVLPHQR
%DWWOH LQ WKH ��� %�&� ,Q WKLV FRQWH[W ILWV WKH P\WK RI 7UDVLPHQR� D YHU\ KDQGVRPH \RXQJ PDQ�
NLGQDSSHG�E\�WKH�Q\PSK�$JLOOD�DQG�EURXJKW�WR�WKH�ZDWHUV�RI�WKH�ODNH�ZKHUH�KH�GLHG�
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8QLYHUVLW\�RI�3HUXJLD��,WDO\

&RQVXOWDQW�*HRORJLVW��,WDO\
�
.(<:25'6��/$.(775$6,0(12��28/(7�&$1$/6��&/,0$7,&�9$5,$7,216

/DNH 7UDVLPHQR �&HQWUDO ,WDO\� KDV QR QDWXUDO RXWOHWV� VR LWV OHYHO IOXFWXDWHV FRQVLGHUDEO\ DQG LV
VWULFWO\ OLQNHG WR FOLPDWH� 'XULQJ WKH :DUP 0HGLHYDO 3HULRG WKH ZDWHU ZDV ORZ� EXW LW URVH GXULQJ WKH
/LWWOH ,FH $JH� ZKHQ ODUJH DJULFXOWXUDO DUHDV ZHUH IORRGHG� ,Q RUGHU WR FRQWURO WKH KLJK ZDWHU� GXULQJ
WKH ��WK FHQWXU\ DQ RXWOHW WXQQHO ZDV EXLOW DQG WKH GUDLQLQJ EDVLQ ZDV UHGXFHG� 7KHVH ZRUNV ZHUH
XQVXFFHVVIXO DQG� DW WKH HQG RI WKH ��WK FHQWXU\� DQ HIILFLHQW RXWOHW WXQQHO ZDV FRQVWUXFWHG� $W
SUHVHQW WKH FOLPDWH LQ FHQWUDO ,WDO\ LV FKDQJLQJ DJDLQ� ZLWK GHFUHDVLQJ UDLQIDOO DQG LQFUHDVLQJ
WHPSHUDWXUH� 7KLV WUHQG DQG WKH QHZ RXWOHW KDYH OHG WR D VXEVWDQWLDO ORZHULQJ RI WKH DYHUDJH ZDWHU
OHYHO� ZKLFK FUHDWHV VHULRXV SUREOHPV IRU HFRV\VWHPV DQG HFRQRP\� ,Q ����� WKH VWUHDPV GLYHUWHG
LQ ���� ZHUH OLQNHG DJDLQ WR WKH ODNH LQ RUGHU WR VWDELOLVH LWV ZDWHU OHYHOV� 7KH H[LVWHQFH RI D
5RPDQ RXWOHW LV LQIHUUHG EHFDXVH DOO WKH ODNHV LQ &HQWUDO ,WDO\ KDYH EHHQ DUWLILFLDOO\ PDQDJHG LQ
(WUXVFDQ�5RPDQ SHULRGV DQG DW OHDVW RQH 5RPDQ OLWHUDU\ VRXUFH PHQWLRQV LW� VRPH 5RPDQ
UHPQDQWV ZHUH IRXQG GXULQJ WKH H[FDYDWLRQ RI WKH ��WK FHQWXU\ RXWOHW FDQDO� 7KH ORFDWLRQ RI WKH
5RPDQ RXWOHW LV EHOLHYHG WR EH RQ WKH /DNH¶V HDVWHUQ VKRUH� 2XU JHRSK\VLFDO LQYHVWLJDWLRQV�
KRZHYHU� LQGLFDWH WKDW WKLV LV DQ XQOLNHO\ ORFDWLRQ� 3UREDEO\ WKH ³5RPDQ´ RXWOHW� LI H[LVWHG� ZDV
ORFDWHG RQ WKH ZHVWHUQ VKRUH� GUDLQLQJ WRZDUGV WKH &KLDQD 9DOOH\� �3URMHFW IXQGHG LQ SDUW E\
3URYLQFLD�RI�3HUXJLD�DQG�E\�)RQGD]LRQH�&DVVD�GL�5LVSDUPLR�GL�3HUXJLD��SURMHFW����������������
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8QLYHVLWj�GHJOL�6WXGL�GL�3HUXJLD

'LDQD 1HPRUHQVLV �'LDQD RI WKH VDFUHG ZRRG� ZDV DQ LPSRUWDQW GLYLQLW\ RI WKH /DWLQ SHRSOHV�
UHYHUHG RQ WKH VKRUHV RI D VPDOO YROFDQLF ODNH WKDW WKH SRHWLF WUDGLWLRQ KDV GHILQHG �VSHFXOXP
'LDQDH�� WKH PLUURU RI 'LDQD� WRGD\ NQRZQ DV /DNH RI 1HPL� ,W ZDV RQH RI WKH PRVW IDPRXV
VDQFWXDULHV RI WKH $QFLHQW :RUOG� SDUWO\ VWLOO XQH[SORUHG RQ WKH QRUWKHUQ EDQN RI WKH /DNH� )URP
\HDUV WKH 3HUXJLD 8QLYHUVLW\ FRQGXFWV DUFKDHRORJLFDO VHDUFKHV WKDW KDYH DOORZHG WR UHFRQVWUXFW WKH
IRUP RI WKH PRQXPHQWDO FRPSOH[� WR LGHQWLI\ WKH 7HPSOH RI WKH JRGGHVV NQRZQ IURP WKH VRXUFHV� WR
GLVFRYHU D JUHDW 1\PSKHXP EXLOW E\ WKH HPSHURU &DOLJROD DQG WR FODULI\ VRPH UHODWLRQVKLSV ZLWK WKH
DWWDFKHG WKHDWHU� 7KH 6DQFWXDU\ LV LQVHUWHG LQ DQ DPSOHU FRQWH[W RI �VDFUHG ODQGVFDSH� WKDW
LQYROYHV�RWKHU�ODNHV�DQG�ULYHUV�RI�WKH�WHUULWRU\�GRPLQDWHG�E\�WKH�9ROFDQR�/D]LDOH

35(6(17$7,21�7<3(��25$/
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��WK�:RUOG�/DNH�&RQIHUHQFH�������6HSWHPEHU�������3HUXJLD��,WDO\



06������/DNH�DQG�DUFKHRORJ\

+HOHOQLF�2SHQ�8QLYHUVLW\��*UHHFH�

6RLO�6FLHQFH�,QVWLWXWH��1$*5()��*UHHFH

8QLYHUVLW\�RI�$HJHDQ��'HSDUWPHQW�RI�WKH�(QYLURQPHQW��*UHHFH

+HOOHQLF�0LQLVWU\�RI�&XOWXUH�DQG�6SRUW���WK�(SKRUDWH�RI�3UHKLVWRULF�DQG�&ODVVLFDO�$QWLTXLWLHV��*UHHFH
�
.(<:25'6��',$&+521,&�(92/87,21��$5&+(2/2*,&$/�678'<��*5((&(¶6�/$*2216

7KH ODJRRQV RI $UD[RV� .RW\KLRX� DQG 0HVVRORQJKLRQ� $LWROLNRQ DUH ORFDWHG LQ :HVWHUQ *UHHFH�
$PRQJ WKHP� WKH 0HVVRORQJKLRQ � $LWROLNRQ ODJRRQV DUH WKH JUHDWHVW LQ WKH 0HGLWHUUDQHDQ UHJLRQ�
7RGD\� WKHVH WZR ODJRRQV KDYH EHHQ SURFODLPHG DV HQYLURQPHQWDOO\ SURWHFWHG SDUNV RI WKH 6RWKHUQ
HGJH RI 6WHUHD (OODGD� ZKHUH 3DWUDLNRV JXOI PHHWV WKH ,RQLDQ VHD� 7KHVH ODJRRQV LQ UHODWLRQ WR WKH
QXPEHU RI SRSXODWLRQ DQG NLQG RI ELUG VSHFLHV� DUH FRQVLGHUHG WKH ULFKHVW ZHWODQGV RI (XURSH� 7KH
ODJRRQ RI $UD[RV� WKH ODNH 3UȩNRSRV DQG WKH PDUVK RI /DPLDV LQ $FKDLD� DQG D ELW 6RXWKHUQ� WKH
ODJRRQ RI .RW\FKL LQ WKH 3UHIHFWXUH RI (OLDV� FRQVWLWXWH D FKDLQ RI ZHWODQGV LQ :HVWHUQ
3HORSRQQHVH� ,Q WKH DUHD RI 0HVVRORQJLRQ� WKH ODJRRQV� DQG WKH WHUUHVWULDO ULYHU UHJLRQV� DUH
UHVSHFWLYHO\ LQFOXGHG LQ WKH 1RUWKHUQ SDUW RI WKH (WRORDNDUQDQLDQ SUHIHFWXUH� DV ZHOO DV WKH LVODQG
FRPSOH[ RI WKH (FKLQDGHV RI WKH NHIDOOLQLDV 3UHIHFWXUH� ZKLFK DUH GLVWLQJXLVKHG DQG ZHOO NQRZQ IRU
WKHLU ELRORJLFDO�� HFRORJLFDO� DHVWKHWLF� VFLHQWLILF� JHRPRUSKRORJLF DQG HQYLURQPHQWDO YDOXH� ,W KDV
EHHQ FRQFOXGHG WKDW WKHUH LV D VWURQJ UHODWLRQ EHWZHHQ WKH HQYLURQPHQWDO IDFWRUV DQG WKH
DUFKHRORJLFDO ILQGLQJV UHODWHG WR WKH VHOHFWLRQ RI WKH VLWH DQG WKH HVWDEOLVKPHQW RI QHZ WRZQ� LQ
DQWLTXLW\� 7KH SUHVHQW VWXG\ DOORZV XV WRGD\ WR KDYH DQ LQ GHSWK XQGHUVWDQGLQJ RI WKH
HQYLURQPHQWDO SUREOHPV RI WKH UHJLRQ RI :HVWHUQ *UHHFH� DQG DOVR JLYHV WKH SRVVLELOLW\ WR IDFH
WKHP ZLWK JUHDWHU FDXWLRQ� DQG UHVSRQVLELOLW\� $W WKH VDPH WLPH LW VKRZV RII WKH VLJQLILFDQFH RI WKH
³ZHW�IDFWRU´�LQ�WKH�HFRQRPLF�GHYHORSPHQW�RI�UREXVW�WRZQV�DQG�VRFLHWLHV��LQ�JHQHUDO�

35(6(17$7,21�7<3(��25$/
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06������/DNH�DQG�DUFKHRORJ\

6RSULQWHQGHQ]D�SHU�L�%HQL�$UFKHRORJLFL�GHOO¶8PEULD��,WDO\�

8QLYHUVLWj�GHJOL�6WXGL�GL�3HUXJLD��'LSDUWLPHQWR�GL�/LQJXH��/HWWHUDWXUH��&LYLOWj�DQWLFKH�H�PRGHUQH��,WDO\

8QLYHUVLWj�GHJOL�6WXGL�GL�6LHQD��'LSDUWLPHQWR�GL�6FLHQ]H�$PELHQWDOL�³*��6DUIDWWL´�±�8QLWj�GL�5LFHUFD�GL�(FRORJLD
3UHLVWRULFD��,WDO\��

$UFKHRORJLVW��,WDOLD

8QLYHUVLW\�RI�3HUXJLD��'HSW��RI�3K\VLFV�	�*HRORJ\��,WDO\�
�
.(<:25'6��75$6,0(12�/$.(��35(+,6725<���35272+,67+25<

7KH FRPPXQLFDWLRQ LV D V\QWKHVLV RI WKH SUHKLVWRULF� SURWRKLVWRULF DUFKDHRORJLFDO DQG SDODHR�
HQYLURQPHQWDO GDWD LQ WKH EDVLQ RI 7UDVLPHQR /DNH� 7KHVH GDWD DUH WKH EDVLV IRU WKH VWXG\ RI WKH
IRUPV DQG PRGHOV RI RFFXSDWLRQ DQG H[SORLWDWLRQ RI WKLV KXPLG WHUULWRU\ IURP WKH /RZHU 3DOHROLWKLF
DQG 1HROLWKLF XQWLO WKH /DWH %URQ]H $JH DQG )LUVW ,URQ $JH� 7KH WRSLF LV DOVR FRQVLGHUHG LQ WKH
FRQWH[W RI FRPSDULVRQV ZLWK RWKHU KXPLG DUHDV LQ &HQWUDO ,WDO\� 7KH FRQVLGHUHG GDWD EHORQJ WR WKH
+LVWRULFDO &ROOHFWLRQV RI 3HUXJLD� VSRUDGLF GLVFRYHULHV� LQFLGHQWDOUHFRYHULHV DQG H[FDYDWLRQ ZRUNV�
7KH FRPPXQLFDWLRQ� LQWHUGLVFLSOLQDU\� UHTXLUHG WKH HIIRUWV RI GLIIHUHQW H[SHUWLVH� DQG LV WKHUHIRUH
FROOHFWLYH�

35(6(17$7,21�7<3(��25$/
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���

��WK�:RUOG�/DNH�&RQIHUHQFH�������6HSWHPEHU�������3HUXJLD��,WDO\



06������(XURSHDQ�DOSLQH�DQG�VXEDOSLQH�ODNHV

1DWLRQDO�5HVHDUFK�&RXQFLO��,QVWLWXWH�IRU�(FRV\VWHP�6WXG\��&15���,6(���,WDO\

1DWLRQDO�5HVHDUFK�&RXQFLO��,QVWLWXWH�IRU�(FRV\VWHP�6WXG\��&15���,6(���,WDO\

1DWLRQDO�5HVHDUFK�&RXQFLO��,QVWLWXWH�IRU�(FRV\VWHP�6WXG\��&15���,6(���,WDO\
�
.(<:25'6��7523+,&�(92/87,21��3+<723/$1.721��&/,0$7,&�)/8&78$7,216

/DNH 0DJJLRUH� D GHHS VXEDOSLQH ,WDOLDQ ODNH� UHDFKHG D VWDEOH ROLJRWURSKLF VWDWXV DIWHU D UHFRYHU\
SURFHVV VWDUWHG DW WKH EHJLQQLQJ RI ����V� 2OLJRWURSKLF FRQGLWLRQ LV WHVWLILHG E\ WKH ORZ
FRQFHQWUDWLRQV RI 73 �DURXQG �� �J�/ DW PL[LQJ� DQG FKORURSK\OO �DURXQG � �J�/ DV DQQXDO PHDQ��
+RZHYHU� WKH PRVW UHFHQW SK\WRSODQNWRQ DQG ZDWHU FKHPLVWU\ GDWD ������������ VHHP WR LQGLFDWH
WKDW D QHZ WURSKLF FKDQJH LV SHUKDSV WDNLQJ SODFH� 7KH PRVW VLJQLILFDQW FOXHV VXSSRUWLQJ WKLV YLHZ
DUH D VOLJKW LQFUHDVH RI 73 YDOXHV DQG� PRVWO\� VRPH UH�DUUDQJHPHQW LQVLGH WKH SK\WRSODQNWRQ
DVVHPEODJH� VXFK DV WKH QRQ�RFFDVLRQDO UHFRUG RI ³HXWURSKLF´ VSHFLHV DPRQJ WKH GRPLQDQW WD[D DV
ZHOO DV WKH EORRPV RFFXUUHG LQ WKH SHULRG ���������� 7KH SUHVHQW ZRUN ZLOO SUHVHQW DQG GLVFXVV
VRPH K\SRWKHVHV WR H[SODLQ WKLV XQH[SHFWHG WUHQG� WDNLQJ LQWR DFFRXQW DOVR WKH UROH SOD\HG E\ WKH
K\GURORJLFDO UHJLPH� QRZ VKRZLQJ D \HDU�WR�\HDU YDULDELOLW\ VWURQJHU WKDQ LQ WKH SDVW� GXH WR WKH
LQFUHDVH RI ERWK WKH GURXJKW SHULRGV DQG WKH LQWHQVLW\ DQG IUHTXHQF\ RI H[WUHPH SUHFLSLWDWLRQ
HYHQWV��

35(6(17$7,21�7<3(��25$/

���

��WK�:RUOG�/DNH�&RQIHUHQFH�������6HSWHPEHU�������3HUXJLD��,WDO\



06������(XURSHDQ�DOSLQH�DQG�VXEDOSLQH�ODNHV

'HSDUWPHQW�RI�/LIH�6FLHQFHV��8QLYHUVLW\�RI�3DUPD��,WDO\

)(0�5HVHDUFK�	�,QQRYDWLRQ�&HQWUH��,WDO\�

1DWLRQDO�5HVHDUFK�&RXQFLO��,QVWLWXWH�RI�(FRV\VWHP�6WXG\��&15���,6(���,WDO\

$33$�%LRORJLFDO�/DERUDWRU\�RI�WKH�$XWRQRPRXV�3URYLQFH�RI�%R]HQ��,WDO\
�
.(<:25'6��(&2/2*<��/21*�7(50�678',(6��1257+(51�,7$/<

+HUH ZH VXPPDUL]H WKH UHVXOWV RI VRPH UHVHDUFK SURMHFWV� VHYHUDO RI WKHP ZLWKLQ WKH IUDPHZRUN
RI LQWHUQDWLRQDO FR�RSHUDWLRQV� WKDW KDYH EHHQ FRQGXFWHG LQ HLJKW ODNHV RI WKH $OSV DQG WKH 1RUWKHUQ
$SHQQLQHV �,WDO\�� EHORQJLQJ WR WKH /7(5 VLWH ³0RXQWDLQ /DNHV´ �/7(5B(8B,7B����� 7KHVH ODNHV
DUH VLWXDWHG DW DOWLWXGHV UDQJLQJ IURP ��� WR ���� P D�V�O�� WKH\ GLIIHU LQ PRUSKRORJLFDO DVSHFWV�
ODQG FRYHU W\SRORJ\� DQG DQWKURSRJHQLF GLVWXUEDQFH� /RQJ�WHUP GDWD VHULHV RQ ODNH SK\VLFV�
K\GURFKHPLVWU\ DQG SODQNWRQ SRSXODWLRQV DUH DYDLODEOH IRU DOO ODNHV� /RQJ�WHUP HFRORJLFDO VWXGLHV
DUH UHFRJQL]HG DV DQ LQYDOXDEOH WHFKQLTXH IRU XQGHUVWDQGLQJ HFRORJLFDO SURFHVVHV DQG SURYLGLQJ
NH\ LQVLJKWV LQWR HQYLURQPHQWDO FKDQJH� QDWXUDO UHVRXUFH PDQDJHPHQW DQG ELRGLYHUVLW\
FRQVHUYDWLRQ� ,Q DGGLWLRQ PRXQWDLQ ODNHV� EHFDXVH RI WKHLU VSHFLILF FKDUDFWHULVWLFV� RIIHU WKH
RSSRUWXQLW\ WR DGGUHVV LPSRUWDQW UHVHDUFK WRSLFV� )RU H[DPSOH� ZH XVH PRXQWDLQ ODNHV ORFDWHG LQ
UHPRWH DUHDV DV HDUO\ ZDUQLQJ LQGLFDWRUV RI FKDQJHV LQ WKH DWPRVSKHULF GHSRVLWLRQ RI SROOXWDQWV RU
LQ WKH ORFDO FOLPDWH� :H FRQVLGHU WKHVH ODFXVWULQH HQYLURQPHQWV DV LGHDO FDQGLGDWHV IRU
LQYHVWLJDWLRQV RQ ELRWLF LQWHUDFWLRQV DQG SURFHVVHV DW WKH ZKROH�HFRV\VWHP OHYHO� LQ IDFW� WKH VLPSOH
VWUXFWXUH RI WKHLU IRRG ZHEV� ZLWK UHODWLYHO\ IHZ WURSKLF OHYHOV� IDFLOLWDWHV WKH GHWHFWLRQ RI NH\
FKDQJHV LQ FRPPXQLW\ VWUXFWXUH DQG WKH DVVRFLDWHG GULYLQJ PHFKDQLVPV� 2WKHU UHVHDUFK HIIRUWV DUH
RULHQWHG WR WKH VWXG\ RI WD[RQRPLF� JHQHWLF DQG IXQFWLRQDO GLYHUVLW\ RI ODNH FRPPXQLWLHV� G\QDPLFV
RI SODQNWRQ SRSXODWLRQV� SKHQRORJLFDO WUHQGV� HFRV\VWHP PRGHOOLQJ� YXOQHUDELOLW\ DQG DGDSWDWLRQ WR
FOLPDWH�FKDQJH�

35(6(17$7,21�7<3(��3267(5
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06������(XURSHDQ�DOSLQH�DQG�VXEDOSLQH�ODNHV

5HVHDUFK�DQG�,QQRYDWLRQ�&HQWUH��)RQGD]LRQH�(GPXQG�0DFK��,VWLWXWR�$JUDULR�GL�6��0LFKHOH�DOO¶$GLJH��,WDO\

5HVHDUFK�DQG�,QQRYDWLRQ�&HQWUH��)RQGD]LRQH�(GPXQG�0DFK��,VWLWXWR�$JUDULR�GL�6��0LFKHOH�DOO¶$GLJH��,WDO\�

5HVHDUFK�DQG�,QQRYDWLRQ�&HQWUH��)RQGD]LRQH�(GPXQG�0DFK��,VWLWXWR�$JUDULR�GL�6��0LFKHOH�DOO¶$GLJH��,WDO\�
'HSDUWPHQW�RI�(FRORJ\�DQG�(QYLURQPHQWDO�6FLHQFH��8PHn�8QLYHUVLW\��6ZHGHQ

5HVHDUFK�DQG�,QQRYDWLRQ�&HQWUH��)RQGD]LRQH�(GPXQG�0DFK��,VWLWXWR�$JUDULR�GL�6��0LFKHOH�DOO¶$GLJH��,WDO\��
+XPDQ�DQG�(QYLURQPHQWDO�7R[LFRORJ\�*URXS��'HSDUWPHQW�RI�%LRORJ\��8QLYHUVLW\�RI�.RQVWDQ]��*HUPD

5HVHDUFK�DQG�,QQRYDWLRQ�&HQWUH��)RQGD]LRQH�(GPXQG�0DFK��,VWLWXWR�$JUDULR�GL�6��0LFKHOH�DOO¶$GLJH��,WDO\�
'HSDUWPHQW�RI�(YROXWLRQDU\�%LRORJ\��8QLYHUVLWj�GL�)LUHQ]H��,WDO\

5HVHDUFK�DQG�,QQRYDWLRQ�&HQWUH��)RQGD]LRQH�(GPXQG�0DFK��,VWLWXWR�$JUDULR�GL�6��0LFKHOH�DOO¶$GLJH��,WDO\

5HVHDUFK�DQG�,QQRYDWLRQ�&HQWUH��)RQGD]LRQH�(GPXQG�0DFK��,VWLWXWR�$JUDULR�GL�6��0LFKHOH�DOO¶$GLJH��,WDO\�
(FRV\VWHP�5HVHDUFK��/HLEQL]�,QVWLWXWH�RI�)UHVKZDWHU�(FRORJ\�DQG�,QODQG�)LVKHULHV��,*%���*HUPDQ\

5HVHDUFK�DQG�,QQRYDWLRQ�&HQWUH��)RQGD]LRQH�(GPXQG�0DFK��,VWLWXWR�$JUDULR�GL�6��0LFKHOH�DOO¶$GLJH��,WDO\�

5HVHDUFK�DQG�,QQRYDWLRQ�&HQWUH��)RQGD]LRQH�(GPXQG�0DFK��,VWLWXWR�$JUDULR�GL�6��0LFKHOH�DOO¶$GLJH��,WDO\�
�
.(<:25'6��/$.(�*$5'$��(87523+,&$7,21��&/,0$7(�&+$1*(

(XWURSKLFDWLRQ VWLOO UHSUHVHQWV WKH PDLQ DQWKURSRJHQLF LPSDFW DIIHFWLQJ WKH ELRORJLFDO FRPPXQLWLHV
DQG ZDWHU TXDOLW\ LQ WKH JURXS RI WKH ODUJH DQG GHHS ODNHV VRXWK RI WKH $OSV� 1HYHUWKHOHVV� WKURXJK
WKH FRQWURO RI GHHS PL[LQJ G\QDPLFV DQG VSULQJ IHUWLOL]DWLRQ RI VXUIDFH OD\HUV� FOLPDWH IOXFWXDWLRQV
IXUWKHU FRQWULEXWH WR ILQHO\ WXQH WKH \HDU�WR�\HDU YDULDWLRQV LQ SK\WRSODQNWRQ VWUXFWXUH DQG
GHYHORSPHQW RI WR[LF F\DQREDFWHULD� 7KH XQGHUVWDQGLQJ RI WKH FRPSOH[ IXQFWLRQLQJ PHFKDQLVPV
FRQWUROOLQJ WURSKLF VWDWXV DQG LPSOLFDWLRQV IRU WKH XVH RI ZDWHU UHVRXUFHV UHTXLUH DQ LQWHJUDWHG
DSSURDFK� ZLWK D FRPELQDWLRQ RI GLIIHUHQW H[SHUWLVHV OLQNHG WR WKH GLIIHUHQW OHYHOV RI HFRV\VWHP
ELRFRPSOH[LW\� ,Q /DNH *DUGD� VLQFH WKH ����V PHDQ DQQXDO FRQFHQWUDWLRQV RI WRWDO SKRVSKRUXV LQ
WKH ZKROH ZDWHU FROXPQ LQFUHDVHG IURP FD� �� �J�/ WR ����� �J�/� 7KH RULJLQDO ROLJRWURSKLF VWDWXV
RI WKH ODNH ZDV FRQILUPHG E\ SDOHROLPQRORJLFDO DQDO\VHV� 2Q WKH GHFDGDO VFDOH� WKH LQFUHDVH LQ
WURSKLF VWDWXV ZDV SDUDOOHOHG E\ D VWURQJHU GHYHORSPHQW RI F\DQREDFWHULD� $W WKH DQQXDO WHPSRUDO
VFDOH� F\DQREDFWHULD VKRZHG D VWURQJ GHSHQGHQFH IURP WKH VXUIDFH VSULQJ DYDLODELOLW\ RI 73� ,Q
WXUQ� VSULQJ QXWULHQW UHSOHQLVKPHQW ZDV UHODWHG WR GHHS PL[LQJ G\QDPLFV DQG VSHFLILF ODUJH�VFDOH
DWPRVSKHULF FLUFXODWLRQ SDWWHUQV LQ WKH 0HGLWHUUDQHDQ UHJLRQ� 7KH UHODWLRQVKLSV EHWZHHQ
WHOHFRQQHFWLRQ LQGLFHV DQG WKH WKHUPDO FKDUDFWHULVWLFV RI /DNH *DUGD ZHUH HYDOXDWHG DOVR PDNLQJ
XVH RI UHPRWH VHQVLQJ �02',6 DQG (QYLVDW VDWHOOLWHV�� )LQDOO\� JHQHWLF DQG PHWDERORPLF DQDO\VHV
DOORZHG D FOHDU FKDUDFWHUL]DWLRQ RI WKH GRPLQDQW VSHFLHV �PDLQO\ 3ODQNWRWKUL[ UXEHVFHQV�� DV ZHOO
DV WKH LGHQWLILFDWLRQ� E\ 3&5 DQG 5HDO�7LPH T3&5� RI PLFURF\VWLQ DQG DQDWR[LQ SURGXFLQJ
JHQRW\SHV�

35(6(17$7,21�7<3(��25$/
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8QLYHUVLW\�RI�0LODQ�%LFRFFD��,WDO\

�

8QLYHUVLW\�RI�0LODQ�%LRFFD��,WDO\
�
.(<:25'6��$17+523,&�35(6685(��*/2%$/�&+$1*(��/21*�7(50�$1$/<6,6

/DNH ,VHR� D PLG�VL]H GHHS SUH�DOSLQH ODNH� �1RUWKHUQ�,WDO\�� LV WKH RXWOHW RI D VWURQJO\ SRSXODWHG
YDOOH\� ZKRVH KLJKHVW SDUW LV GRPLQDWHG E\ WKH ODUJHVW ,WDOLDQ JODFLHU� $FFRUGLQJO\� LW LV D QDWXUDO
LQWHJUDWRU RI WKH HIIHFWV RI FOLPDWH FKDQJH DQG RI DQWKURSLF SUHVVXUH� ,QFUHDVLQJ QXWULHQW DQG
RUJDQLF PDWWHU ORDGLQJ� LW KDV VHHQ D SURJUHVVLYH LQFUHDVH LQ SULPDU\ SURGXFWLRQ� HXWURSKLFDWLRQ
SURFHVV� UHGXFWLRQ RI K\SROLPQHWLF GLVVROYHG�R[\JHQ DQG GHWHULRUDWLRQ RI ZDWHU TXDOLW\� 5HDFWLYH
SKRVSKRUXV LQ WKH ZKROH ZDWHU FROXPQ LQFUHDVHG IURP DURXQG �� ȝJ 3 O�� LQ ����� WR ��� ��� ��
DQG �� ȝJ 3 O�� LQ ����� ����� ���� DQG ����� UHVSHFWLYHO\� *OREDO ZDUPLQJ LV LQFUHDVLQJ WKH ZDWHU
FROXPQ VWDELOLW\ DQG GHFUHDVLQJ WKH IUHTXHQF\ RI ODNH RYHUWXUQ� /DNH ,VHR ZDV UHFHQWO\
FRQWDPLQDWHG E\ ''7 UHVLGXHV� RULJLQDWLQJ LQ WKLV FDVH IURP WKH PHOWLQJ RI DQ KLJK�PRXQWDLQ
JODFLHU� 6HYHUDO H[SHUWLVHV� OLQNHG WR WKH GLIIHUHQW OHYHOV RI HFRV\VWHP FRPSOH[LW\� KDYH EHHQ
DSSOLHG WR VWXG\ WKH FRPSOH[ IXQFWLRQLQJ PHFKDQLVPV FRQWUROOLQJ WURSKLF HYROXWLRQ� � ORQJ WHUP WHUP
DQDO\VLV RI HIIHFWV RI WKH HXWURSKLFDWLRQ DQG FOLPDWH FKDQJH DW GLIIHUHQW WLPH VFDOHV �DQQXDO�
GHFDGDO� RQ WKH SK\VLFDO DQG FKHPLFDO IHDWXUHV� DQG RQ FRPPXQLWLHV DQG ZDWHU TXDOLW\� �LQIOXHQFH
RI WKH PDLQ PRGHV RI DWPRVSKHULF YDULDELOLW\ �WHOHFRQQHFWLRQ LQGLFHV� RQ WKH OLPQRORJLFDO
FKDUDFWHULVWLFV RI WKH ODNH RQ SKHQRORJ\ RI SK\WR� DQG ]RRSODQNWRQ� �PRGHOLQJ RI UHDFWLRQ RI WKH
ODNH¶V WKHUPDO VWUXFWXUH WR D IXWXUH FOLPDWH FKDQJH VFHQDULR� XVLQJ D FDWFKPHQW�ZLGH DSSURDFK� WR
SUHYHQW WKH GHHS FLUFXODWLRQ SURFHVVHV� WKH R[\JHQDWLRQ RI GHHS ZDWHU DQG WKH IHUWLOL]DWLRQ RI
WURSKRJHQLF�OD\HUV�

35(6(17$7,21�7<3(��25$/
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)RQGD]LRQH�(GPXQG�0DFK��,VWLWXWR�$JUDULR�GL�6DQ�0LFKHOH�DOO¶$GLJH��,WDO\

5HVHDUFK�DQG�,QQRYDWLRQ�&HQWUH��)RQGD]LRQH�(GPXQG�0DFK��,VWLWXWR�$JUDULR�GL�6DQ�0LFKHOH�DOO¶$GLJH��,WDO\

,QVWLWXWH�IRU�/LPQRORJ\��$XVWULDQ�$FDGHP\�RI�6FLHQFH��$XVWULD

/LPQRORJLFDO�,QVWLWXWH��8QLYHUVLW\�RI�.RQVWDQ]��*HUPDQ\

5HVHDUFK�DQG�,QQRYDWLRQ�&HQWUH��)RQGD]LRQH�(GPXQG�0DFK��,VWLWXWR�$JUDULR�GL�6DQ�0LFKHOH�DOO¶$GLJH��,WDO\
�
.(<:25'6��$/3,1(�/$.(6��3/$1.721,&�',$7206��(19,5210(17$/�'5,9(56

1XWULHQW �L�H� SKRVSKRUXV� HQULFKPHQW RI DOSLQH ODNHV LV DFFRPSDQLHG QRW RQO\ E\ LQFUHDVLQJ
SK\WRSODQNWRQ ELRPDVV� EXW DOVR E\ VXEVWDQWLDO FKDQJHV LQ DOJDO VSHFLHV FRPSRVLWLRQ� LQ ZKLFK
SODQNWRQLF GLDWRPV SOD\ D NH\ UROH� ,QFUHDVH LQ VPDOO FHQWULF &\FORWHOOD VSHFLHV LV FRPPRQO\
REVHUYHG LQ ROLJRWURSKLF ODNHV PRYLQJ WRZDUG PHVRWURSKLF VWDWXV� ZKLOH FKDQJHV IURP PHVR�WR
HXWURSKLF FRQGLWLRQV LV RIWHQ FKDUDFWHUL]HG E\ LQFUHDVLQJ )UDJLODULDFHDH �H�J� $VWHULRQHOOD IRUPRVD�
)UDJLODULD FURWRQHQVLV�� 7KHUH LV LQFUHDVLQJ HYLGHQFH WKDW UHFRYHULQJ ODNHV LQ WKH QRUWKHUQ
KHPLVSKHUH DUH QRW UHWXUQLQJ WR WKHLU RULJLQDO HFRORJLFDO VWDWXV� DV GHQVH )UDJLODULDFHDH
SRSXODWLRQV DUH PDLQWDLQHG� RU DEUXSWO\ GHYHORSHG� GHVSLWH WKH GHFUHDVLQJ ODNH SKRVSKRUXV OHYHO�
6XSHULPSRVHG HQYLURQPHQWDO FKDQJHV DUH VXSSRVHG WR FUHDWH ODNH FRQGLWLRQV QHYHU H[SHULHQFHG
EHIRUH� ZKLFK DUH UHVSRQVLEOH IRU IXUWKHU VSHFLHV UHRUJDQL]DWLRQ DQG WKH K\VWHUHVLV RI ODNH WURSKLF
HYROXWLRQ� 7KLV SKHQRPHQRQ KDV EHHQ PRUH H[WHQVLYHO\ LQYHVWLJDWHG LQ PRXQWDLQ ODNHV RI 1�
$PHULFD� ZKHUH LW KDV RIWHQ EHHQ DVFULEHG DV UHODWHG WR DWPRVSKHULF GULYHQ QLWURJHQ HQULFKPHQW�
/DNH ZDUPLQJ LV� RQ WKH RWKHU KDQG� FRQVLGHUHG WR VXVWDLQ LQFUHDVHV LQ VPDOO &\FORWHOOD VSHFLHV�
+HUH ZH DQDO\]H GDWD RQ UHFHQW GLDWRP FKDQJHV IURP SDORHR� DQG QHROLPQRORJLFDO LQYHVWLJDWLRQV RI
D VHW RI VPDOO WR ODUJH PHVRWURSKLF ODNHV LQ WKH $OSV LQ RUGHU WR� D� H[SORUH WKH FRPSOH[LW\ RI WKH
HQYLURQPHQWDO FRQWURO RYHU GLDWRP GHYHORSPHQW� E� WU\ WR GLVFULPLQDWH HIIHFWV RI RYHUODSSLQJ
QXWULHQWV DQG FOLPDWH FKDQJHV� F� RXWOLQH WKH UHOHYDQFH RI QLWURJHQ DV HFRORJLFDO GULYHU LQ $OSLQH
ODNHV�DQG�WKH�QHFHVVLW\�WR�FRQVLGHU�LW�IRU�ODNH�HFRORJLFDO�DVVHVVPHQW�DQG�PDQDJLQJ�SXUSRVHV�
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56(���5LFHUFD�6XO�6LVWHPD�(QHUJHWLFR�6S$��,WDO\�

8QLYHUVLWj�GHJOL�6WXGL�GL�0LODQR��,WDO\

8QLYHUVLWj�GHJOL�6WXGL�GL�0LODQR��,WDO\
�
.(<:25'6��68%$/3,1(�/$.(6��0$1*$1(6(��0(520,&7,&�675$7,),&$7,21

7KH PHURPLFWLF VXEDOSLQH ODNH ,GUR VLWXDWHG LQ WKH QRUWK RI ,WDO\ LV KHUH GHVFULEHG IURP D SK\VLFR�
FKHPLFDO SRLQW RI YLHZ� 7KH JODFLDO RULJLQ RI WKH ODNH� WRJHWKHU ZLWK WKH VWHHS ZDOOV RI WKH EDVLQ DQG
WKH PD[LPXP GHSWK RI ��� P� FUHDWHV WKH FRQGLWLRQV IRU WKH HYROXWLRQ RI D VWDEOH PHURPLFWLF
FRQGLWLRQ GXULQJ WKH \HDU� $ ILUVW OD\HU RI ZDWHU �DERXW �� P� LV FRQWLQXRXVO\ UHFLUFXODWHG DQG
R[\JHQDWHG� D VHFRQG OD\HU H[SHULHQFHV GHSOHWLRQ RI R[\JHQ� D WKLUG OD\HU FRQVLVWV LQ VWDWLRQDU\
ZDWHU LQ WKH GHSWK RI WKH ODNH� $ SHFXOLDULW\ RI WKLV ODNH LV WKH SUHVHQFH RI D FORXG\ ZKLWH OD\HU�
GHWHFWHG DW ����� P RI GHSWK E\ VFXED GLYHUV DQG QHYHU UHSRUWHG LQ OLWHUDWXUH� 7KH K\GURJUDSKLF
EDVLQ LV PRVWO\ FRPSRVHG RI GRORPLWH� WKH W\SLFDO URFN RI WKH $OSV� 7KH JHQHUDO FKHPLFDO
FRPSRVLWLRQ LV 0J�&D�&2�� EXW LW FRXOG LQFOXGH LPSXULWLHV VXFK DV )H DQG 0Q� &KHPLFDO DQDO\VLV RI
FDUERQDWLF GRORPLWH PLQHUDOV DQG ELWXPLQRXV OLPHVWRQHV VDPSOHG DW GLIIHUHQW GHSWK FRQILUPHG WKH
SUHVHQFH RI WUDFHV RI 0Q DQG 3� VXVFHSWLEOH WR DFLGLF GLVVROXWLRQ� OHDFKLQJ DQG UH�SUHFLSLWDWLRQ LQWR
ZDWHU� 0DQ\ DUH WKH SHFXOLDULWLHV FRQYHUJLQJ WR SURGXFH D XQLTXH HQYLURQPHQW IRU 0Q F\FOLQJ LQ WKH
PL[ROLPLRQ� FKHPRFOLQH� DQG PRQLPROLPLRQ FKDUDFWHUL]LQJ WKH ODNH� 2Q WKH EDVLV RI KRPH�EXLOW
VHQVRUV DQG D PXOWLSDUDPHWULF SUREH� R[\JHQ� S+� VXOSKLGH� FRQGXFWLYLW\� UHG�R[ DQG WHPSHUDWXUH
SURILOHV ZHUH GHWHUPLQHG� 6WULFW FRUUHODWLRQV ZHUH IRXQG EHWZHHQ WKHVH SDUDPHWHUV DQG WKH
GLIIHUHQW R[LGDWLRQ VWDWHV RI 0Q �0Q��� 0Q�� DQG 0Q��� GHWHFWHG LQ WKH ZDWHU DQG LQ WKH
SDUWLFXODWH� (TXLOLEULD ZLWK )H DQG RWKHU HOHPHQWV KDYH EHHQ FRQVLGHUHG� /DERUDWRU\ H[SHULPHQWV
KDYH FRQILUPHG WKH DVVXPHG PRGHO� $FNQRZOHGJPHQWV� )LQDQFLDO VXSSRUW E\ )6(�/RPEDUGLD�
SURMHFW�QXPEHU��������LV�JUDWHIXOO\�DFNQRZOHGJHG�
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8QLYHUVLW\�RI�,QQVEUXFN��5HVHDUFK�,QVWLWXWH�IRU�/LPQRORJ\�0RQGVHH��$XVWULD

+HOPKROW]�=HQWUXP�0�QFKHQ��'HS��RI�*URXQGZDWHU�(FRORJ\��*HUPDQ\

$XVWULDQ�5HG�&URVV��%OXW]HQWUDOH�/LQ]��/LQ]��$XVWULD

$XVWULDQ�5HG�&URVV��%OXW]HQWUDOH�/LQ]��/LQ]��$XVWULD

$XVWULDQ�5HG�&URVV��%OXW]HQWUDOH�/LQ]��/LQ]��$XVWULD

8QLYHUVLW\�RI�,QQVEUXFN��5HVHDUFK�,QVWLWXWH�IRU�/LPQRORJ\�0RQGVHH��$XVWULD
�
.(<:25'6��$/3,1(�/$.(��3/$1.721,&�&20081,7<��(&2/2*,&$/�)$&7256

7KH LQIOXHQFH RI ULVLQJ DLU WHPSHUDWXUH LV NQRZQ WR EH SDUWLFXODUO\ SURQRXQFHG LQ DOSLQH HFRV\VWHPV
DV WKH\ DUH JHQHUDOO\ LQKDELWHG E\ FROG�DGDSWHG VWHQRWKHUPLF VSHFLHV ZKLFK ZRXOG EHFRPH H[WLQFW�
,Q D VLPLODU YHLQ� LW KDV EHHQ VXJJHVWHG WKDW XQGHUFRROHG DOSLQH ODNHV DUH PRVW YXOQHUDEOH WR D
ZDUPHU FOLPDWH� DV D VXGGHQ ULVH LQ WHPSHUDWXUH ZRXOG VLJQLILFDQWO\ VKLIW VSHFLHV RFFXUUHQFH
WRZDUGV PRUH RSSRUWXQLVWLF DOJDO JURXSV VXFK DV EORRP�IRUPLQJ &\DQREDFWHULD� )RU WKH
FKDUDFWHULVDWLRQ RI SHODJLF PLFURELDO FRPPXQLW\ FRPSRVLWLRQ LQ UHODWLRQ WR D ODUJH QXPEHU RI
FKHPLFDO�SK\VLFDO HQYLURQPHQWDO SDUDPHWHUV� ZH XVHG XOWUD�GHHS VHTXHQFLQJ RI WKH ��6 U51$
JHQH DV DPSOLILHG IURP WKH SHODJLDO RI ILYH DOSLQH ODNHV RI WKH 1LHGHUH 7DXHUQ UHJLRQ ����������
P D�V�O�� GXULQJ WKH \HDUV ���������� 7KH VXPPHU PHDQ ZDWHU WHPSHUDWXUH RI WKH ODNHV GLIIHUHG
VLJQLILFDQWO\ E\ DSSUR[� � �&� ZKLFK ZDV UDWKHU GXH WR ORFDO LQIOXHQFHV WKDQ GXH WR WKH LQIOXHQFH RI
WKH DOWLWXGH� 7KH ODNHV ZHUH ROLJRWURSKLF �7RWDO SKRVSKRUXV� ������� �J /��� DQG WKH DEVROXWH
EDFWHULDO QXPEHUV ZHUH FRUUHODWHG ZLWK SK\WRSODQNWRQ ELRPDVV� DV LQGLFDWHG E\ FKORURSK\OO D
�5�  ��������� SHU ODNHV ZHUH PRUH VHQVLWLYH WR FOLPDWLFDOO\ LQGXFHG UHGXFWLRQ LQ LFH FRYHU
GXUDWLRQ� 8QLFHOOXODU F\DQREDFWHULD �&\DQRELXP� 6\QHFKRFRFFXV�� GLDWRPV �&\PEHOOD� 1LW]VFKLD�
6NHOHWRQHPD�� DQG VRPH KHWHURWURSKLF EDFWHULD �3ODQFWRP\FHDWDFHDH� 6DSURVSLUDFHDH�
,OXPDWREDFWHU� 9HUUXFRPLFURELDFDH� ZHUH PRVW VWURQJO\ UHODWHG WR UHGXFHG LFH FRYHU GXUDWLRQ� ,W LV
FRQFOXGHG WKDW WKH LQIOXHQFH RI RQ DYHUDJH ZDUPHU \HDUV �VXFK DV GXULQJ ����� LV VXSHULPSRVHG
RQ WKH ORFDO IDFWRUV �VXFK DV SK\VLFDO�FKHPLFDO YDULDEOHV�� ZKLFK VWLOO SOD\ WKH GRPLQDQW UROH LQ
JRYHUQLQJ�SODQNWRQ�FRPPXQLW\�FRPSRVLWLRQ�
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*UDQ�3DUDGLVR�1DWLRQDO�3DUN��8QLYHUVLW\�RI�3DYLD��'HSDUWPHQW�RI�(DUWK�DQG�(QYLURQPHQWDO�6FLHQFHV��,WDO\

$OSLQH�:LOGOLIH�5HVHDUFK�&HQWUH��*UDQ�3DUDGLVR�1DWLRQDO�3DUN��$RVWD��,WDO\

$OSLQH�:LOGOLIH�5HVHDUFK�&HQWUH��*UDQ�3DUDGLVR�1DWLRQDO�3DUN��$RVWD��,WDO\

$OSLQH�:LOGOLIH�5HVHDUFK�&HQWUH��*UDQ�3DUDGLVR�1DWLRQDO�3DUN��$RVWD��,WDO\

'67$�'LSDUWLPHQWR�GL�6FLHQ]H�GHOOD�7HUUD�H�GHOO
$PELHQWH��6H]LRQH�GL�=RRORJLD��8QLYHUVLW\�RI�3DYLD��,WDO\

$OSLQH�:LOGOLIH�5HVHDUFK�&HQWUH��*UDQ�3DUDGLVR�1DWLRQDO�3DUN��$RVWD��,WDO\
�
.(<:25'6��,1752'8&('�),6+��),6+�(5$',&$7,21���/,)(��352-(&7�%,2$48$(

6WRFNLQJ ILVK LQWR RQFH ILVKOHVV KLJK�DOWLWXGH ODNHV LV D PLVJXLGHG SUDFWLFH H[DFWLQJ D KHDY\ WROO RQ
IUDJLOH DOSLQH DTXDWLF HFRV\VWHPV� 7KH LPSDFW RI LQWURGXFHG EURRN WURXW �6DOYHOLQXV IRQWLQDOLV� RQ
WKH QDWLYH FRPPXQLWLHV RI DOSLQH ODNHV ZDV H[WHQVLYHO\ LQYHVWLJDWHG IURP ���� WR ���� LQ WKH *UDQ
3DUDGLVR 1DWLRQDO 3DUN �:HVWHUQ ,WDOLDQ $OSV� E\ FRPSDULQJ WKH ELRWLF FRPPXQLWLHV RI VWRFNHG DQG
XQ�VWRFNHG ODNHV� ,W ZDV VKRZQ WKDW %URRN WURXW GUDPDWLFDOO\ DIIHFWHG DOSLQH ODNHV HFRV\VWHPV
FDXVLQJ WKH GLVDSSHDUDQFH RI PDQ\ WD[D DQG HQWLUH HFRORJLFDO JURXSV� DQG SRWHQWLDOO\ WKUHDWHQLQJ
VRPH XQLTXH WD[D� HYROYHG WKDQNV WR WKH LVODQG�OLNH QDWXUH RI DOSLQH ODNHV� 7KH ILQGLQJ RI WZR
XQLTXH KDSORW\SHV RI (XURSHDQ 'DSKQLD SXOLFDULD LQ IRXU ILVKOHVV ODNHV LV HPEOHPDWLF RI WKH
LPSRUWDQFH RI DOSLQH ODNHV DV ELRGLYHUVLW\ UHVHUYRLUV SURPRWLQJ LQWUD�VSHFLILF GLYHUJHQFH DQG HYHQ
VSHFLDWLRQ� 7KDQNV WR WKH JDLQHG DZDUHQHVV RI WKH ELRGLYHUVLW\ YDOXH RI DOSLQH ODNHV DQG RI WKH
VWURQJ LPSDFW RI LQWURGXFHG ILVK� WKH *UDQ 3DUDGLVR 1DWLRQDO 3DUN KDV VWDUWHG LQ WKH VXPPHU �����
IRU WKH ILUVW WLPH LQ (XURSHDQ KLJK DOWLWXGH ODNHV� DQ H[WHQVLYH HUDGLFDWLRQ SURJUDP RI LQWURGXFHG
ILVK� ZLWKLQ WKH (8 VXSSRUWHG /,)(� SURMHFW SURMHFW %,2$48$( �%LRGLYHUVLW\ ,PSURYHPHQW RI
$TXDWLF $OSLQH (FRV\VWHPV�� 7KH DFWLRQ LQYROYHV WKH XVH RI LQWHQVLYH JLOO QHWWLQJ DV DQ HIIHFWLYH DQG
QRQ�LQYDVLYH HUDGLFDWLRQ WHFKQLTXH� $IWHU WKH ILUVW ILHOG VHDVRQ� VLJQDOV RI WKH UHFRYHU\ RI DOSLQH
ODNHV�HFRV\VWHPV�DUH�DOUHDG\�HYLGHQW�
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'HOWDUHV��1HWKHUODQGV

'HOWDUHV��1HWKHUODQGV

'HOWDUHV��1HWKHUODQGV

'HOWDUHV��1HWKHUODQGV

$QWHD�*URXS

$QWHD�*URXS

$QWHD�*URXS

$QWHD�*URXS

6WURPLQJ��1HWKHUODQGV

6WURPLQJ��1HWKHUODQGV
�
.(<:25'6��6+$//2:�/$.(��(&2/2*,&$/�67$7(��67$.(+2/'(56

/DNH 0DUNHQ LV D VKDOORZ ODNH ZLWK DQ DYHUDJH GHSWK RI DERXW � PHWHU DQG D VXUIDFH RI ��� VTXDUH
NLORPHWHU LQ 7KH 1HWKHUODQGV� )RU WKLV ODNH� KLJK VXVSHQGHG VHGLPHQW FRQFHQWUDWLRQV UHVXOW LQ
UHGXFHG HFRORJLFDO YDOXHV DQG SUHYHQW JRDOV DQG VWDQGDUGV IURP EHLQJ PHW �:DWHU )UDPHZRUN
'LUHFWLYH� 1DWXUD ������0DLQO\ GXH WR ZLQG GULYHQ ZDYHV �ILQH� VHGLPHQW SDUWLFOHV RQ WKH EHG DUH
UHVXVSHQGHG DQG WUDQVSRUWHG E\ K\GURG\QDPLF IORZ� +LJK FRQFHQWUDWLRQV RI VXVSHQGHG VHGLPHQW
SDUWLFOHV JHQHUDOO\ UHVXOW LQ ORZ WUDQVSDUHQF\ YDOXHV� /LJKW RQ WKH ERWWRP LV LPSRUWDQW IRU
ZDWHUSODQWV WR JURZ� JUDGLHQWV EHWZHHQ FOHDU DQG WXUELG ZDWHU DUH LPSRUWDQW IRU ILVK�HDWLQJ
ZDWHUELUGV WR JHW IRRG�7KHVH DUH WKH PDLQ XQGHUO\LQJ SK\VLFDO DQG HFRORJLFDO SURFHVVHV DQG
LQWHUFRQQHFWLRQV� :LWK WKLV NQRZOHGJH� D SUDFWLFDO PHDVXUH WKDW LV FXUUHQWO\ VWXGLHG LV WKH
FRQVWUXFWLRQ RI ZLQG�VKHOWHUHG DUHDV LQ WKH 1RUWK :HVW SDUW RI /DNH 0DUNHQ� &RQVWUXFWLRQ RI GDPV�
LVODQGV� DQG VKDOORZ DUHDV ZLOO LQIOXHQFH WKH SK\VLFDO SURFHVVHV WR LPSURYH ZDWHU TXDOLW\ DQG
HFRORJLFDO VWDWH�7KH VWXG\ RI WKH UHTXLUHG VL]H� VKDSH� DQG ORFDWLRQ RI WKH VWUXFWXUHV LV EHLQJ
FDUULHG RXW� 1H[W WR WKH LQ GHSWK NQRZOHGJH RI SK\VLFV �YLD D FRXSOHG VLOW PRGHO IRU /DNH 0DUNHQ�
DQG HFRORJ\� WKLV DOVR LQFOXGHG DQ LQWHUDFWLYH DSSURDFK ZLWK GLIIHUHQW VWDNHKROGHUV IRU DVSHFWV RWKHU
WKDQ HFRORJLFDO LPSDFW �OLNH LPSOHPHQWDWLRQ FRVWV� HQJLQHHULQJ� UHFUHDWLRQ� DQG VDIHW\�� ,Q WKLV
SUHVHQWDWLRQ ZH ZLOO VKRZ KRZ WKH FRPELQDWLRQ RI NQRZOHGJH RI WKH XQGHUO\LQJ SK\VLFDO DQG
HFRORJLFDO�SURFHVVHV�DQG�WKH�LQWHUDFWLYH�DSSURDFK�ZLWK�VWDNHKROGHUV�ZRUNHG�RXW�GXULQJ�WKH�VWXG\�
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1DWLRQDO�,QVWLWXWH�RI�:DWHU�DQG�$WPRVSKHULF�5HVHDUFK��1,:$���&KULVWFKXUFK��1HZ�=HDODQG
�
.(<:25'6��/$.(��'$,/<�:$7(5�%$/$1&(�02'(/��/$.(�9$5,$%/(6��%($&+�%$55,(5�6((3$*(��6($�,1&856,216�
$57,),&,$/�23(1,1*�72�6($��6($�&21',7,216��/$.(�+(,*+7�$5($�&859(��(19,5210(17$/�23(1,1*��/$.(�9$5,$%/(
6($621$/,7<��:$7(5�48$/,7<

7H :DLKRUD �/DNH (OOHVPHUH� LV D VKDOORZ ODNH ORFDWHG RQ WKH HDVW FRDVW RI WKH 6RXWK ,VODQG DQG LV
WKH ILIWK ODUJHVW LQ 1HZ =HDODQG� 7KH ZDWHU OHYHO KDV EHHQ PDQDJHG E\ 0DRUL DQG (XURSHDQ
6HWWOHUV E\ RSHQLQJ FKDQQHOV WKURXJK WKH JUDYHO EDU WR WKH VHD� 7KH ODNH ZDWHU LV FXUUHQWO\ KLJKO\
HQULFKHG ZLWK QXWULHQWV DQG LV YHU\ WXUELG ZLWK KLJK OHYHOV RI UH�VXVSHQGHG VHGLPHQW IURP WKH ODNH
EHG� $ ZDWHU EDODQFH PRGHO ZDV GHYHORSHG WR VWXG\ ODNH OHYHO PDQDJHPHQW RSWLRQV DQG SURYLGH
SUHGLFWLRQV RI FRQVHTXHQFHV� 7KH PRGHO PDNHV XVH RI �� \HDUV RI GDLO\ GDWD RQ WKH YDULDEOHV
ZKLFK DIIHFW WKH ODNH OHYHO� Â ,QIORZV � WULEXWDULHV� UDLQIDOO� EHDFK EDUULHU VHHSDJH LQIORZ�
JURXQGZDWHU� DUWLILFLDO RSHQLQJ VHD LQFXUVLRQ� URXJK ZHDWKHU VHD LQFXUVLRQ� Â 2XWIORZV �
HYDSRUDWLRQ� EDUULHU VHHSDJH RXWIORZ� DUWLILFLDO RSHQLQJ� $GGLWLRQDO UHTXLUHPHQWV IRU PRGHO
GHYHORSPHQW LQFOXGHG� Â .QRZOHGJH RI WKH VHD FRQGLWLRQV QHFHVVDU\ IRU D VXFFHVVIXO DUWLILFLDO
RSHQLQJ DQG FORVXUH� Â 'DLO\ VHD FRQGLWLRQV� Â /DNH KHLJKW DUHD FXUYH� 0RGHO DSSOLFDWLRQV
LQFOXGH� Â 6XFFHVVIXO 1DWLRQDO :DWHU &RQVHUYDWLRQ 2UGHU �:&2� DSSOLFDWLRQ LQ ����� Â
,PSDFWV RI &HQWUDO 3ODLQV ,UULJDWLRQ 6FKHPH� Â :&2 HQYLURQPHQWDO DPHQGPHQWV ����� Â
(YLGHQFH WR DVVLVW &DQWHUEXU\ 5HJLRQDO &RXQFLO DUWLILFLDO RSHQLQJ FRQVHQW� Â 6FLHQWLILF VWXGLHV
LQWR� VDOLQLW\� ILVK KDELWDW� WURSKLF VWDWH� PDFURSK\WH UH�HVWDEOLVKPHQW� IORRG ULVN DQG ZDWHU TXDOLW\�
.QRZOHGJH DGYDQFHV IRU ODNH PDQDJHUV LQFOXGH� Â $YRLGDQFH RI SURORQJHG ORZ ODNH OHYHOV LQ
VXPPHU DQG DXWXPQ� Â (QKDQFHPHQW RI HQYLURQPHQWDO RSHQLQJV WR LPSURYH ILVK UHFUXLWPHQW LQ
VSULQJ� DQG ILVK PLJUDWLRQ LQ DXWXPQ� Â 5HGXFWLRQV WR WKH QXPEHU RI DUWLILFLDO RSHQLQJV DQG VDOW
FRQFHQWUDWLRQV� Â 8QGHUVWDQGLQJ ODNH YDULDEOH VHDVRQDOLW\ DQG PHWKRGV WR LPSURYH ZDWHU
TXDOLW\�
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3�*�&HQWHU�LQ�%RWDQ\��6LU�3�7�6FLHQFH�&ROOHJH��0RGDVD��*XMDUDW��,QGLD

3�J�FHQWHU�LQ�%RWDQ\��6LU�3�7�VFLHQFH�&ROOHJH��0RGDVD��*XMDUDW��,QGLD
�
.(<:25'6��3+<6,&2&+(0,&$/��%$&7(5,$/��/$.(6�2)�*8-$5$7

$KPDGDEDG LV XQLTXH LQ WKH ZKROH RI ,QGLD LQ PDWWHU RI HQYLURQPHQWDO QHDWQHVV DQG IORXULVKLQJ
FRQGLWLRQV DQG LW LV VXSHULRU WR RWKHU FLWHV LQ WKH H[FHOOHQFH RI LWV PRQXPHQWV� $KPDGDEDG 8UEDQ
'HYHORSPHQW $XWKRULW\ �$8'$� SURSRVHV WR XQGHUWDNH ZRUN IRU UHYLYDO� GHYHORSPHQW RI FDWFKPHQWV
DUHDV DQG EHDWLILFDWLRQ RI IHZ ODNHV XQGHU WKH SUHVHQW SURMHFW �RI WKHVH 6ROD ODNH ZDWHUV ZHUH
DQDO\VHG IRU SK\VLFRFKHPLFDO DQG EDFWDUULDO DQDO\VLV� 7KH UHVXOWV YDOXHV RI WKH 3K\VLFRFKHPLFDO
DQG EDFWHULDO HVWLPDWHG WKURXJK 6ROD ODNH GXULQJ PRQWKO\ $QDO\VLV RI WKH -DQXDU\����� WR
'HFHPEHU ������7KH SK\VLFR�FKHPLFDO PRQWKDO\ DQG PLFURELDO SDUDPHWHUV VHDVRQDO ZDWHU
VDPSOHV FROOHFWHG IURP YDULRXV GHIUDQW VLWHV� 6ROD ODNH� $KPHGDEDG� ZDV DQDO\]HG WR DVVHVV WKH
TXDOLW\ RI ZDWHU IRU GHWHUPLQLQJ LWV VXLWDELOLW\ IRU'ULQNLQJ DQG $JULFXOWXUH SXUSRVH� 7KH
SK\VLFRFKHPLFDO SDUDPHWHU OLNH� S+� 7'6� GLVVROYHG R[\JHQ �'2�� ELRORJLFDO R[\JHQ GHPDQG
�%2'�� FKHPLFDO R[\JHQ GHPDQG �&2'�� WRWDO KDUGQHVV �7+�� FDOFLXP � PDJQHVLXP DQG PLFURELDO
3DUDPHWHU OLNH 7RWDO &ROLIRUPEDFWHULDO � )DHFDO &ROLIRUP DQG 7RWDO YLDEOH FRXQW EDFWHULDO FRORQLHV
ZDV GHWHUPLQHG� 7KH UHVXOWV VXJJHVWHG WKDW WKH ODNH ZDWHU VDPSOHV &ROOHFWHG IURP YDULRXV VLWHV LQ
6ROD� $KPHGDEDG ZDV KLJKHU YDOXHV RI PLFURELDO SDUDPHWHUV JLYH FOHDU LQGLFDWLRQ RI YHU\ SRRU
ZDWHU TXDOLW\� 7KH UHVXOWV RI EDFWHULDO SDUDPHWHUV VWXGLHG� H[FHHGV WKH GULQNLQJ ZDWHU SHUPLVVLEOH
OLPLWV�VXJJHVWHG�E\�:+2��,&05�DQG�,6,�
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1DWLRQDO�5HVHDUFK�&RXQFLO�RI�,WDO\��:DWHU�5HVHDUFK�,QVWLWXWH��&15�,56$���8QLW�RI�%UXJKHULR��,WDO\

1DWLRQDO�5HVHDUFK�&RXQFLO�RI�,WDO\��:DWHU�5HVHDUFK�,QVWLWXWH��&15�,56$���8QLW�RI�%UXJKHULR��,WDO\

1DWLRQDO�5HVHDUFK�&RXQFLO�RI�,WDO\��:DWHU�5HVHDUFK�,QVWLWXWH��&15�,56$���8QLW�RI�%UXJKHULR��,WDO\
�
.(<:25'6��&20%,1('�6(:(5�29(5)/2:6��7523+,&�67$7(��3+263+2586�/2$'6

,Q WKH ODVW GHFDGHV� WKH WURSKLF FRQGLWLRQV RI WKH ,WDOLDQ VRXWK DOSLQH ODNHV XQGHUZHQW D VXEVWDQWLDO
SKRVSKRUXV FRQFHQWUDWLRQ UHGXFWLRQ� 7KLV UHGXFWLRQ ZDV SDUWLFXODUO\ FRQVLVWHQW EHWZHHQ WKH PLG�
HLJKWLHV DQG WKH EHJLQQLQJ RI WZR WKRXVDQG \HDUV� ZKHQ ERWK UHVWULFWLRQV RI WKH SKRVSKRUXV FRQWHQW
LQ WKH GHWHUJHQWV DQG LPSOHPHQWDWLRQV RI VHZDJH WUHDWPHQW VHUYLFHV ZHUH FDUULHG RXW� 5HFHQWO\
WKLV LPSURYHPHQW VHHPV WR SURFHHG PRUH VORZO\� 5HVHDUFK XQGHUWDNHQ RQ /DNH 3XVLDQR� D ZHOO
UHSUHVHQWDWLYH PLG�VL]HG ODNH RI WKH VRXWK DOSLQH UHJLRQ� KLJKOLQH WKDW RQH RI WKH PDLQ UHDVRQ LV WKH
SUHVHQFH RI FRPELQHG VHZHU RYHUIORZV �&62V� LQ WKH GUDLQDJH V\VWHP� ,Q WKH /DNH 3XVLDQR �PHDQ
GHSWK  �� P� DUHD  � NP�� �� &62V ZHUH FRXQWHG� /DNH SKRVSKRUXV FRQFHQWUDWLRQV LQ ZDWHU
FROXPQ �DW ZLQWHU RYHUWXUQ� LQ PLG�HLJKWLHV ZHUH DURXQG ��� �J 3 /��� ZKLOH ZLWKLQ WKH ODVW GHFDGH
WKH\ GURS LQ D UDQJH RI ����� �J 3 /��� 7KH FXUUHQW WRWDO SKRVSKRUXV ORDG ZDV HYDOXDWHG LQ ����� W
3 \�� RI ZKLFK �� ����� DWWULEXWHG WR WKH H[WHUQDO ORDG DQG ��� WR WKH LQWHUQDO ORDG� 7KH FRQWULEXWLRQ
RI &62V WR WKH H[WHUQDO ORDG ZDV HVWLPDWHG LQ DERXW ��� W 3 \�� �PRUH WKDQ ����� $V WKH UHVXOWV
REWDLQHG RQ /DNH 3XVLDQR DUH OLNHO\ JHQHUDOL]DEOH WR RWKHU HQYLURQPHQWV� WKH SUHVHQFH RI WKH &62
LV D FRQVLGHUDEOH FRPSOLFDWLRQ WR JDLQ D IXUWKHU LPSURYHPHQW LQ WKH WURSKLF VWDWH RI WKH PLG�VL]H
ODNHV LQ QRUWK ,WDO\� ,Q SDUWLFXODU WKLV SUREOHP VKRXOG EH DGHTXDWHO\ WDNHQ LQWR DFFRXQW WR PHHW WKH
REMHFWLYHV�HVWDEOLVKHG�E\�WKH�(XURSHDQ�:DWHU�)UDPHZRUN�'LUHFWLYH�
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3�*�&HQWHU�LQ�%RWDQ\��6LU�3�7�6FLHQFH�&ROOHJH��0RGDVD��,QGLD
�
.(<:25'6��3+<6,&2�&+(0,&$/�3$5$0(7(56��685)$&(�:$7(5��/$.(6�2)�*8-$5$7��,1',$

6XUIDFH ZDWHU VDPSOHV ZHUH WDNHQ DQG FROOHFWHG IURP ODNHV VDPSOHV LQ DQG DURXQG RI $KPHGDEDG
DQG DQDO\VHG IRU WHPSHUDWXUH� S+� WXUELGLW\� 7'6� KDUGQHVV� &KORULGH� '�2�� %�2�' DQG &�2�'� 7KH
VXUIDFH ZDWHU UHJLPH LV SULPDULO\ PRQVRRQ GHSHQGHQW� DOWKRXJK WKH WUXQN FKDQQHOV UHFHLYH
VLJQLILFDQW FRQWULEXWLRQ IURP JURXQG ZDWHU GXULQJ OHDQ VHDVRQ� 7KLV VWXG\ SUHVHQWV D
FRPSUHKHQVLYH DVVHVVPHQW RI VXUIDFH ZDWHU TXDOLW\ RI WKH DUHD EDVHG RQ DQDO\VLV RI QLQH
SDUDPHWHUV UHSUHVHQWLQJ VHOHFWHG /RFDOLW\HV IROORZLQJ ��WK ODNHV ZLOO EH VWXGLHG� 1RUWK� (DVW�
6RXWK DQG :HVW VLGH RI $KPDGDEDG ���&KQDGORGLD� �� *RWD� �� 6ROD� ��7KDOWHM� ��0HPQDJDU� ��
9DVWUDSXU� ��$PEOL� �� 0DNDUED� �� 6DUNKHM� ���5DPRO� ��� 9DVWUDO� ���6LQJDUYD DQG ���1LNRO� DQG
PRQWKO\ 6DPSOLQJ GXULQJ ������� :LWK UHVSHFW WR WKH SK\VLFR ± FKHPLFDO 3DUDPHWHUV� WKH VXUIDFH
ZDWHU VRXUFHV RI WKH ODNHV FDWFKPHQW DQG DGMRLQLQJ DUHD DUH IRXQG S+ VOLJKW DQG 1RUPDO\ $ONDOLQH�
KLJK &�2�'� +DUGQHVV� &KORULGH� WXUELGLW\ DQG /RZ '�2 WR EH QRW VXLWDEOH IRU GULQNLQJ� GRPHVWLF DQG
DJULFXOWXUDO�XVH�
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&1(6�&/6��7RXORXVH��)UDQFH

8QLYHUVLW\�RI�&RQFHSFLyQ��%LREtR��&LOH

&1(6�&/6��7RXORXVH��)UDQFH
�
.(<:25'6��3(5,72�025(12��*/$&,(5��/$.(

/RFDWHG LQ D PRXQWDLQRXV DUHD /DNH $UJHQWLQR LV RQH RI WKH ELJJHVW ZDWHU ERGLHV LQ 6RXWK
$PHULFD� ,W¶V ZHOO�NQRZQ IRU H[WUHPH LFH GDPPLQJ HYHQWV GXH WR WKH SUHVHQFH RI WKH 3HULWR 0RUHQR
JODFLHU VSOLWWLQJ WKH VRXWKHUQPRVW EUDQFK� NQRZQ DV 5LFR EUDQFK IURP WKH PDLQ ERG\ RI WKH /DNH
$UJHQWLQR� ,Q WKH SUHVHQW VWXG\ RXU REMHFWLYH LV WR LQYHVWLJDWH LI WKH ZDWHU FDQ EH DFFXPXODWHG
GXULQJ GDPPLQJ QRW RQO\ E\ H[FHVV RI SUHFLSLWDWLRQV EXW DOVR E\ WKH DFFXPXODWLRQ SURFHVV GXH WR
WKH FORVHG SDVVDJH EHWZHHQ 5LFR DQG WKH PDLQ ZDWHU ERG\ RI /DNH $UJHQWLQR� 7KLV LV DFKLHYHG E\
HVWDEOLVKLQJ D VLPSOH PRGHO ZKLFK HVWLPDWHV VKRUW WHUP HYROXWLRQV RI 5LFR ZDWHU EDODQFH� :LWK RXU
PRGHO ZH VLPXODWH 5LFR ����� ����� ���� GDPPLQJ HYHQWV IRU ZKLFK DOWLPHWU\ GDWD DUH DYDLODEOH�
WKHLUV K\GURORJLFDO UHJLPHV DQG WKH DPRXQW RI LQFRPLQJ DQG RXWJRLQJ ZDWHU WR SURYLGH SODXVLEOH
H[SODQDWLRQ� 2XU VLPXODWLRQV H[SODLQ DOPRVW ���� RI ZDWHU SUHVHQW LQ WKH 5LFR V\VWHP GXULQJ HDFK
GDPPLQJ� DQG E\ GRLQJ WKLV ZH FDQ DIILUP WKDW WKH GDPPLQJ RI ZDWHU FDQ EH GULYHQ QRW RQO\ E\
VLPSOH H[FHVV RI LQSXWV EXW DOVR E\ FORVXUH RI WKH SDVVDJH EHWZHHQ 5LFR EUDQFK DQG /DNH
$UJHQWLQR� 0RUHRYHU E\ FRPELQLQJ GLIIHUHQW UHPRWH VHQVLQJ DQG LQ VLWX GDWD ZH HVWDEOLVK WKH
K\SVRPHWU\ RI 5LFR EUDQFK� :H SURYH DQ H[LVWHQFH RI D VPDOO SHUPDQHQW IOX[ EHWZHHQ ERWK SDUWV
RI WKH ODNH DQG WKH SRVVLELOLW\ RI WKH GDPPLQJ IRUPDWLRQ GHWHFWLRQ LQ LQ VLWX �RU DOWLPHWU\�
PHDVXUHPHQWV� $OWKRXJK YHU\ QDUURZ VL]H RI 5LFR EUDQFK� WKH DOWLPHWU\ GDWD SURFHVVLQJ IURP
(QYLVDW PLVVLRQ FDQ SURYLGH WLPH VHULHV RI ODNH VXUIDFH KHLJKWV RYHU ERWK SDUWV� &RXSOHG ZLWK
RSWLFDO /DQGVDW LPDJLQJ� WKRVH UHVXOWV JLYH SRVVLELOLW\ WR HYDOXDWH RQO\ E\ UHPRWH VHQVLQJ DSSURDFK
DSSUR[LPDWH ZDWHU VWRUDJH GXULQJ LFH GDPPLQJ HYHQWV� 8QWLO QRZ (QYLVDW ZDV WKH RQO\ PLVVLRQ
ZKLFK JDYH H[SORLWDEOH GDWD RYHU 5LFR� EXW UHFHQW VFLHQWLILF PLVVLRQV VXFK DV &U\RVDW�� DQG $OWL.D
JLYH QHZ RSSRUWXQLWLHV WR VWXG\ ODNHV ZDWHU EDODQFH� DQG XSFRPLQJ PLVVLRQV DV -DVRQ��� 6HQWLQHO
�$�DQG�6HQWLQHO��%�RU�6:27�ZLOO�KHOS�WR�LPSURYH�DJDLQ�WKH�GDWD�TXDOLW\�DQG�DOWLPHWU\�FRYHUDJH�
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5HVHDUFK�&HQWHU�IRU�/LPQRORJ\��,QGRQHVLDQ�,QVWLWXWH�RI�6FLHQFHV��&LELQRQJ��,QGRQHVLD
�
.(<:25'6��,1'21(6,$1�/$.(6��(&26<67(0�%$6('�0$1$*(0(17����675$7(*,(6

,QGRQHVLD LV WKH ILIWK ODUJHVW FRXQWU\ LQ WKH ZRUOG ZLWK IUHVK ZDWHU UHVRXUFHV ������ ELOOLRQ P��\HDU��
EOHVVHG ZLWK DQ H[WUDRUGLQDU\ QXPEHU RI PXOWL RULJLQ �WHFWRQLF� YROFDQR�WHFWRQLF� R[ERZ� DQG
HQFORVHG� ODNHV� DPRXQWLQJ WR ��� ODNHV �FRYHULQJ ������� KD�� ��� SRQGV DQG ��� UHVHUYRLUV�
/DNH 7RED �1RUWK 6XPDWUD� LV WKH ODUJHVW �������� KD DQG ��� P GHHS�� /DNH0DWDQR LV WKH
GHHSHVW ���� P� DQG /DNH6HQWDUXP �:HVW .DOLPDQWDQ� LV WKH PRVW XQLTXH ZHWODQG ��� PRQWKV ZHW
DQG � PRQWKV GU\�� 7KH XQLTXH ODNH HFRV\VWHP VHWWLQJV� ZKLFK DUH QRW DOZD\V EH SDUW RI DQ\ ULYHU
V\VWHP� DUH W\SLILHG E\ WKHLU ZDWHU UHWHQWLRQ WLPH� WKHLU JHRORJLF KLVWRU\� WKH SUHVHQFH RI WKHUPRFOLQH
OD\HU� WKHLU GHSWKV ZKLFK FRXOG EH PXFK ORZHU WKDQ WKH VHD OHYHO DQG WKH\ IRUPHG FU\SWR
GHSUHVVLRQV� $ UHIRUPHG PDQDJHPHQW RI WKH ODNHV LQ ,QGRQHVLD LV LQHVFDSDEOH LQ RUGHU WR FRPSO\
ZLWK WKH VXVWDLQDEOH XVH RI GLIIHUHQW HQG XVHUV OLNH FOHDQ DQG GULQNLQJ ZDWHU VXSSO\� WUDQVSRUWDWLRQ�
ILVKHU\ DQG DJULFXOWXUH� LQGXVWULDO XVH� ZDVWH GLVSRVDO� HQHUJ\ JHQHUDWLRQ� QDWXUDO KDELWDW IRU IDXQD
DQG IORUD� FOLPDWH UHJXODWRU DQG FXOWXUDO DFWLYLWLHV� 7KHVH KDYH UHVXOWHG LQ FULWLFDO HFRV\VWHP
GRZQJUDGLQJ DQG WKHLU EHDULQJ FDSDFLW\ RI WKH VHOHFWHG �� SULRULW\ ODNHV� VXIIHULQJ IURP SROOXWLRQ�
VLOWDWLRQ� ILVK NLOO� HFRV\VWHP GHWHULRUDWLRQ� GLVWXUEDQFH LQ ELRWD PLJUDWLRQ SDWWHUQ DQG RWKHU LPSDFWV
RQ ODNH VXVWDLQDELOLW\� %\ FRQVLGHULQJ WKH ODNH XQLTXHQHVV� � VWUDWHJLHV DUH SURSRVHG DQG
GLVFXVVHG� EDVHG RQ WKH SDUDGLJPDWLF VKLIW IURP HFRQRPLF WR HFRV\VWHP EDVHG PDQDJHPHQW�
7KHVH HQFRPSDVV IURP WKH KROLVWLF DQG LQWHJUDWHG SODQQLQJ�XVH�HYDOXDWLRQ� WKURXJK FULWLFDO
DVVHVVPHQW�DQG�SXEOLF�DZDUHQHVV��XQWLO�WKH�LQVWLWXWLRQDO�VHWXS�
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,3$,6$/��6SDLQ

,3$,6$/��6SDLQ
�
.(<:25'6��&8/785$/�/$1'6&$3(6��+(5,7$*(��(1'(0,60

7KH ,EHULDQ 3HQLQVXOD LV NQRZQ WR EH JHQHUDOO\ GU\ DQG SRRU LQ ZHWODQGV RI LQWHUHVW� +RZHYHU�
WKDQNV WR LWV JHRORJLFDO KLVWRU\� LWV FOLPDWH DQG LV UXJJHG WRSRJUDSK\� WKLV UHJLRQ KRVWV DQ LPSRUWDQW
QXPEHU DQG GLYHUVLW\ RI VDOLQH ZHWODQGV� EHLQJ XQLTXH DW (XURSHDQ VFDOH LQ WKLV UHVSHFW� 0DQ\ RI
WKHVH ZHWODQGV KDYH EHHQ XVHG E\ PDQ DV D VRXUFH RI PLQHUDOV DQG ZHDOWK� $V D UHVXOW� WKH\ DOVR
LQFOXGH LPSRUWDQW LQWDQJLEOH DQG WDQJLEOH FXOWXUDO KHULWDJH DVVHWV WKDW WUDQVFHQG WKH ZHWODQG LWVHOI�
KDYH VKDSHG UXUDO DQG XUEDQ WHUULWRULHV DQG HYHQ KDYH LQIOXHQFHG WKH FRXUVH RI KLVWRU\� $OVR� GXH
WR WKHLU LVRODWLRQ� VDOLQH ZHWODQGV RIWHQ KRVW UDUH DQG IUDJLOH KDORSKLOLF VSHFLHV RI IORUD� IDXQD DQG
DUFKDHD� VRPH RI ZKLFK KDYH DQ LQWHUHVW IRU VFLHQFH DQG ELRWHFKQRORJLFDO DSSOLFDWLRQV� 6RPH RI
WKHP DUH HQGHPLF VSHFLHV� DQG WKHUHIRUH YXOQHUDEOH WR HQYLURQPHQWDO FKDQFHV� 2QO\ D IHZ KDYH
JDLQHG D FHUWDLQ SURWHFWLRQ VWDWXV� WKH PDMRULW\ EHLQJ RWKHUZLVH OHIW WR WKHLU RZQ GHYLFHV� 7KH
DEDQGRQPHQW RI WUDGLWLRQDO SURGXFWLYH DFWLYLWLHV� HVSHFLDOO\ LQ LVRODWHG DUHDV� DQG WKH ZLGHVSUHDG
LJQRUDQFH RI WKH YDOXHV WKHVH ZHWODQGV KRVW� WKUHDWHQ VDOWVFDSHV ZLWK WKHLU GHFD\ DQG� XOWLPDWHO\�
GLVDSSHDUDQFH� ,3$,6$/� WKH ,QVWLWXWH RI 6DOW +HULWDJH DQG 6DOWVFDSHV� KDV UHFHQWO\ LQYHQWRULHG WKH
VDOWZRUNV� VDOLQH ZHWODQGV DQG VDOLQH VWUHDPV RI WKH ,EHULDQ SHQLQVXOD� ZKLFK KDV UHVXOWHG LQ RYHU
����� GLIIHUHQW VLWHV� LQ YHU\ GLIIHUHQW VWDWHV RI FRQVHUYDWLRQ� :LWK WKLV FRQWULEXWLRQ� ZH ZRXOG OLNH WR
SUHVHQW WKH ULFKQHVV� GLYHUVLW\� DEXQGDQFH DQG IUDJLOLW\ RI WKHVH VDOLQH ODQGVFDSHV DQG WKHUHE\
FRQWULEXWH WR WKHLU NQRZOHGJH DQG SUHVHUYDWLRQ� 8OWLPDWHO\� WKHVH VDOWVFDSHV GHVHUYH WR JDLQ D IXOO
UHFRJQLWLRQ�DV�OLYLQJ�FXOWXUDO�ODQGVFDSHV�ERWK�IURP�WKH�JHQHUDO�SXEOLF�DV�IURP�SROLF\�PDNHUV��

35(6(17$7,21�7<3(��25$/

���

��WK�:RUOG�/DNH�&RQIHUHQFH�������6HSWHPEHU�������3HUXJLD��,WDO\



06������/DNHV�E\�UHJLRQV��1RUWK�	�6RXWK�$PHULFD��$IULFD��(XURSH��$VLD�

8QLYHUVLGDGH�)HGHUDO�GR�(VStULWR�VDQWR���8)(6��9LWyULD��%UD]LO

8QLYHUVLGDGH�)HGHUDO�GR�(VStULWR�VDQWR���8)(6��9LWyULD��%UD]LO

8QLYHUVLGDGH�)HGHUDO�GR�(VStULWR�VDQWR���8)(6��9LWyULD��%UD]LO

8QLYHUVLGDGH�)HGHUDO�GR�(VStULWR�VDQWR���8)(6��9LWyULD��%UD]LO

8QLYHUVLGDGH�)HGHUDO�GR�(VStULWR�VDQWR���8)(6��9LWyULD��%UD]LO

8QLYHUVLGDGH�)HGHUDO�GR�(VStULWR�VDQWR���8)(6��9LWyULD��%UD]LO

8QLYHUVLGDGH�)HGHUDO�GR�(VStULWR�VDQWR���8)(6��9LWyULD��%UD]LO

8QLYHUVLGDGH�)HGHUDO�GR�(VStULWR�VDQWR���8)(6��9LWyULD��%UD]LO

)$(6$��9LWyULD��%UD]LO
�
.(<:25'6��/$.(�:$7(56+('��/$.(�$66(660(17��(19,5210(17$/�&+$1*(6

7KH /RZHU 'RFH 5LYHU 9DOOH\ ± /'59 DW 6RXWKHDVWHUQ FRDVW RI %UD]LO FRPSULVH �� ODNHV ������
NP��� ZLWK DUHDV UDQJLQJ IURP ��� KD WR ���� NP�� 7KLV ODFXVWULQH V\VWHP IRUP D YDOXDEOH
µODNHVFDSH¶ SURYLGLQJ VHYHUDO HFRV\VWHP JRRGV DQG VHUYLFHV� 8QUHJXODWHG ODQG DQG ZDWHU XVHV
FUHDWH VHYHUDO HQYLURQPHQWDO SUHVVXUHV GULYLQJ WKH V\VWHP WR DQ HFRV\VWHP VKLIW� ,Q RUGHU WR
DVVHVV HFRV\VWHP KHDOWK� LGHQWLI\ HQYLURQPHQWDO SUHVVXUHV� DQG HFRV\VWHP VWDWH YDULDEOHV
VXEMHFWHG WR FKDQJHV� DQ ,QWHJUDWHG (QYLURQPHQWDO $VVHVVPHQW 3URJUDP ZDV ODXQFKHG LQ �����
7KLV 3URJUDP LV EDVHG RQ ODNH ZDWHUVKHG SK\VLRJUDSK\� ODNH EDVLQ PRUSKRPHWU\� K\GURORJLFDO
IORZV IURP WULEXWDU\ ULYHUV� ODNH K\GURG\QDPLFV� DQG WURSKLF DQG SROOXWLRQ VWDWH LQGLFDWRUV�
3K\VLRJUDSKLF GDWD DERXW ODNHV ZDWHUVKHGV ZHUH DQDO\]HG IRU EDVLQ DUHD� GUDLQDJH GHQVLW\� ULYHU
IUDJPHQWDWLRQ E\ GDPPLQJ� DQG ODQG XVH� )RXU RI WKH GHHSHVW ODNHV KDYH EHHQ LQYHVWLJDWHG ZLWKLQ
D OLPQRORJLFDO DQG K\GURORJLFDO DSSURDFK� /DNH 3DOPDV �$  �� NP�� =PD[  ���� P�� WKH GHHSHVW
QDWXUDO ODNH LQ %UD]LO� WKDW GHVSLWH DQR[LF ERWWRP ZDWHUV GXULQJ VWUDWLILFDWLRQ VHDVRQ� LV DQ
ROLJRWURSKLF V\VWHP ZLWK D WKHRUHWLFDO UHWHQWLRQ WLPH RI ���� \HDUV� ,Q FRQWUDVW� /DNH 3DOPLQKDV �$  
��� NP�� =PD[  ���� P� LV XQGHUJRLQJ PXFK PRUH UDSLG FKDQJHV OHDGLQJ WR DQ HXWURSKLF VWDWH
ZLWK F\DQREDFWHULD EORRPV DV D FRQVHTXHQFH RI D VPDOO ZDWHUVKHG ����� NP�� ZLWK ODQG XVH
GRPLQDWHG E\ SDVWXUHODQG ��� ��� DQG ZLWK YHU\ ORZ ULYHU WULEXWDU\ IORZ UHVXOWLQJ RQ D UHWHQWLRQ WLPH
RI ���� \HDUV� :H KRSH ZLWK WKLV ILQGLQJV WR VXEVLGL]H VRXQG HQYLURQPHQWDO PDQDJHPHQW
UHVSRQVHV�LQ�RUGHU�WR�SURPRWH�VXVWDLQDEOH�XVHV�RI�/'59�³ODNHVFDSH´�
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&RUD]RQ�GH�OD�7LHUUD�,QVWLWXWH�RI�(QYLURQPHQWDO�'HYHORSPHQW��0H[LFR

&RUD]RQ�GH�OD�7LHUUD�,QVWLWXWH�RI�(QYLURQPHQWDO�'HYHORSPHQW��0H[LFR
�
.(<:25'6��08/7,�67$.(+2/'(5�3/$7)250��&21)/,&7�&2//$%25$7,21�0$75,;��$*52&+(0,&$/6

$ 0XOWL�6WDNHKROGHU 3ODWIRUP �063� ZDV FRQVWUXFWHG LQ RUGHU WR UHGXFH WKH KLJK YROXPHV RI DJUR�
FKHPLFDOV XVHG LQ WKH /DNH &KDSDOD EDVLQ� WKURXJK WKH LQYROYHPHQW RI ORFDO VWDNHKROGHUV� VSHFLDOO\
IDUPHUV XVLQJ LUULJDWHG DQG QRQ�LUULJDWHG ODQGV� $OO VHFWRUV UHODWHG LQ WKLV DJULFXOWXUDO SUDFWLFH ZHUH
LGHQWLILHG �QRW RQO\ WKH IDUPHUV�� EHLQJ IRXQG D WRWDO RI �� LQVWLWXWLRQV�JURXSV ZKLFK LQFOXGH
JRYHUQPHQW DJHQFLHV� UHVHDUFK LQVWLWXWLRQV� FLYLO RUJDQL]DWLRQV� FRXQFLOV DQG RWKHUV� (DFK RQH RI
WKHP ZHUH FKDUDFWHUL]HG WKURXJK GHVFULSWLYH ILOHV �QXPEHU RI PHPEHUV� LQIOXHQFH� WHUULWRULDO
SUHVHQFH� OHDGHUVKLS DQG PDQGDWHV�� $OVR WKH\ ZHUH FRQVXOWHG WR NQRZ WKHLU SRVLWLRQ DERXW NH\
LVVXHV UHODWHG WR DJURFKHPLFDO FRQWURO� XVLQJ LQWHUYLHZV DQG VXUYH\V� :LWK WKLV LQIRUPDWLRQ D 0DWUL[
RI &RQIOLFW�&ROODERUDWLRQ ZDV VWUXFWXUHG� VKRZLQJ WKDW WKH VLPSOH LVVXH RI UHGXFLQJ DJURFKHPLFDOV
JHQHUDWHG VWURQJ GLVDJUHHPHQW EHWZHHQ VHYHUDO JURXSV� PDNLQJ H[WUHPHO\ GLIILFXOW WR GHILQH D
VLPSOH VWUDWHJ\� 6R� D VHW RI UHODWHG LVVXHV ZHUH DSSOLHG WR FUHDWH D VHFRQG OHYHO PDWUL[� ZKLFK
VKRZHG WKDW WKHUH LV FOHDU DJUHHPHQW DERXW UHGXFLQJ ULVNV WR KXPDQ KHDOWK DQG DOVR UHGXFLQJ
SRYHUW\� %DVHG LQ WKLV D WKUHH�\HDUV VWUDWHJ\ ZDV VWUXFWXUHG� WR EH DSSOLHG LQ WKUHH GLIIHUHQWLDWHG
]RQHV� WDNLQJ LQWR DFFRXQW OHYHOV RI VWDNHKROGHU LQWHUDFWLRQ DQG FXOWXUDO�RUJDQL]DWLYH VLPPLODULWLHV�
7KH 063 ZDV VWUXFWXUHG XVLQJ D %DVH 6WUXFWXUH DQG D 1HJRWLDWLRQ 6WUXFWXUH� WDNLQJ LQWR
FRQVLGHUDWLRQ WKH ZKROH VHW RI VWDNHKROHUV
 SURSRVDOV DQG LQWHUHVWV � GHILQLQJ FOHDU UHVSRQVDELOLWLHV
IRU�WKRVH�GLUHFWO\�SDUWLFLSDWLQJ�DQG�FRPPXQLFDWLRQ�WRROV�WR�NHHS�LQIRUPHG�WKRVH�ZKR�GRQ
W��
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&RUD]RQ�GH�OD�7LHUUD���,QVWLWXWH�RI�(QYLURQPHQWDO�'HYHORSPHQW��0H[LFR

,QVWLWXWR�3ROLWHFQLFR�1DFLRQDO��0H[LFR

%D\ORU�8QLYHUVLW\��86$

%D\ORU�8QLYHUVLW\��86$

,QVWLWXWR�3ROLWHFQLFR�1DFLRQDO��0H[LFR

,QVWLWXWR�3ROLWHFQLFR�1DFLRQDO��0H[LFR

,QVWLWXWR�3ROLWHFQLFR�1DFLRQDO��0H[LFR

&RUD]RQ�GH�OD�7LHUUD���,QVWLWXWH�RI�(QYLURQPHQWDO�'HYHORSPHQW��0H[LFR

&RUD]RQ�GH�OD�7LHUUD���,QVWLWXWH�RI�(QYLURQPHQWDO�'HYHORSPHQW��0H[LFR

,QVWLWXWR�3ROLWHFQLFR�1DFLRQDO��0H[LFR
�
.(<:25'6��/$.(�&+$3$/$��121�32,17�32//87,21��6,/7$7,21

/DNH &KDSDOD LV 0H[LFR
V ODUJHVW LQODQG ZDWHU� D V\VWHP RI KLJK SULRULW\ IRU LWV ELRGLYHUVLW\ DQG WKH
VHW RI VHUYLFHV LW SURYLGHV� LQFOXGLQJ ZHDWKHU UHJXODWLRQ� ILVKHULHV DQG ZDWHU IRU LUULJDWLRQ� LQGXVWU\
DQG KXPDQ FRQVXPSWLRQ� $IWHU D G\DJQRVLV RI UHVHDUFK GRQH LQ WKH EDVLQ �EDFN LQ ����� LW ZDV
VKRFNLQJ WR ILQG WKH KXJH DPRXQW RI ODFNLQJ GDWD� $ WKUHH�\HDUV SURMHFW ZDV FRQGXFWHG WR ILOO
VHYHUDO RI WKRVH JDSV� ,WV FRPSRQHQWV ZHUH� D� ,QIORZ ZDWHU DQDO\VLV� E� 6RLO HURVLRQ�VLOWDWLRQ� F�
*,6 FRQVWUXFWLRQ� G� 6:$7 PRGHOOLQJ� H� 1RQ�SRLQW SROOXWLRQ PRQLWRULQJ� I� 6WDNHKROGHU
FKDUDFWHUL]DWLRQ DQG J� 0XOWLVWDNHKROGHU 3ODWIRUP FRQVWUXFWLRQ� $V D UHVXOW ZH IRXQG WKDW D� 0RUH
WKDQ ����� WRQ�\HDU RI IHUWLOL]HUV DUH XVHG� JHQHUDWLQJ D ORDG RI QXWULHQWV WKDQ HQWHU FRQVWDQWO\ LQWR
WKH ODNH� E� 0RUH WKDQ ��� WRQV�\HDU RI SHVWLFLGHV DUH XVHG LQ WKH GLUHFW YLFLQLW\ RI /DNH &KDSDOD�
LQFOXGLQJ �� RI H[WUHPH WR[LFLW\ IRU SODQNWRQ� ILVKHV DQG ELUGV � F� )URP ��� WR ��� WKRXVDQG WRQV RI
VRLO DUH ZDVKHG E\ UDLQ SHU \HDU� JHQHUDWLQJ HFRQRPLF DQG HFRV\VWHP HIIHFWV LQ WKH ODNH� VWUHDPV
DQG LUULJDWLRQ FKDQQHOV� G� 6WDNHKROGHUV ODFN RI LQIRUPDWLRQ DERXW WKH EDVLQ IXQFWLRQV� QHYHUWKHOHVV
WKHUH DUH JRRG FRQGLWLRQV WR GHYHORS D SODWIRUP WR LPSURYH VLWXDWLRQ ZLWK WKHLU LQYROYHPHQW� $OO
LQIRUPDWLRQ KDV EHHQ ZLGHO\ SUHVHQWHG� &RXQWLQJ ZLWK VXFK SUHFLVH DQG YDOLGDWHG LQIRUPDWLRQ
FRPSOHPHQWHG ZLWK WRROV DV WKHPDWLF PDSV� *,6 DQG D 6:$7 PRGHO �ZKLFK SUHVHQW FRPSOH[
LQIRUPDWLRQ LQ DQ HDV\�WR�XQGHUVWDQG ZD\� LW
V HVVHQWLDO WR PRYH IRUZDUG ZLWK WKH VXVWDLQDEOH
PDQDJHPHQW�RI�/DNH�&KDSDOD�EDVLQ�
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8QLYHUVLGDG�GH�*XDQDMXDWR��&DPSXV�*XDQDMXDWR��'HSDUWPHQW�RI�&LYLO�(QJLQHHULQJ��0H[LFR

$QWDUHV�&RQVXOWRUHV�HQ�,QJHQLHUtD��0H[LFR
�
.(<:25'6��/$.(�&+$3$��75$16�-85,6',&7,21$/�/$.(�%$6,1��%$6(�/,1(�,1)250$7,21

,W LV NQRZQ WKDW FRPSOH[LW\ RI ODNH EDVLQ PDQDJHPHQW LV LQFUHDVHG ZKHQ GHDOLQJ ZLWK HLWKHU WUDQV�
ERXQGDU\ RU WUDQV�MXULVGLFWLRQDO FRQWH[WV� DQG WKDW GHFLVLRQV RQ DVVHVVPHQW LVVXHV DUH GLIILFXOW WR
PDNH LI WKH SURFHVV RI LQWHJUDWLRQ RI WKH EDVH OLQH LQIRUPDWLRQ LV FDUULHG RXW MXVW E\ IRFXVLQJ RQ WKH
GUDIWLQJ RI WKH ODNH EULHI FRQVLGHUDWLRQV� 7KXV� LW LV IXQGDPHQWDO WR KDYH UHOLDEOH DQG FRPSOHWH EDVH
OLQH LQIRUPDWLRQ IRU PDNLQJ JRRG GHFLVLRQV RQ DQ\ ODNH EDVLQ LVVXH ,Q WKLV SDSHU LW LV FRQVLGHUHG
WKDW VLQFH LQIRUPDWLRQ LQFOXGHG LQ D ODNH EULHI LV PRUH RULHQWHG RQ WKH ORFDO FRQWH[W� LW PLJKW QRW EH
HQRXJK IRU WKH DVVHVVPHQW RI WUDQV�MXULVGLFWLRQDO EDVLQV� OLNH /DNH &KDSDOD EDVLQ LQ 0H[LFR� DQG
WKDW LQIRUPDWLRQ DERXW JHRJUDSKLFDO DQG VRFLRHFRQRPLF FRQWH[W� KHDOWK DQG WKH HQYLURQPHQW�
�FLUFXPVWDQFH� FRQGLWLRQ VWDWH RI ZDWHU UHVRXUFHV� XVHV RI ZDWHU� K\GUDXOLF LQIUDVWUXFWXUH� ZDWHU
PDQDJHPHQW WRROV DQG IXWXUH VFHQDULRV RQ ZDWHU JRYHUQDQFH LQ D PRUH JOREDO SHUVSHFWLYH VKRXOG
EH WDNHQ LQWR DFFRXQW� +HUH� LW LV SUHVHQWHG WKH EDVHOLQH LQIRUPDWLRQ WKDW ZDV GHYHORSHG DQG XVHG
LQ WKH DVVHVVPHQW RI WKH /HUPD 5LYHU ± /DNH &KDSDOD ± 6DQWLDJR 5LYHU ± 3DFLILF 2FHDQ
+\GURORJLFDO 6\VWHP �D ������� NP� WUDQV�MXULVGLFWLRQDO ODNH EDVLQ LQ 0H[LFR� DLPHG DW GHILQH WKH
EDVLF�FRPSRQHQWV�RI�LWV������ZDWHU�DJHQGD�
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0$������:LHQHU�*HZDHVVHU��$XVWULD
�
.(<:25'6��85%$1�/$.(��0$1$*(0(17��:$7(5�48$/,7<

7KH ³$OWH 'RQDX´ LQ 9LHQQD� $XVWULD� ZLWK ��� KD RQH RI (XURSH¶V ODUJHVW XUEDQ ODNHV� LV IXOO\
HPEHGGHG LQ WKH FLW\ ODQGVFDSH DQG LQWHQVHO\ XVHG IRU UHFUHDWLRQ DFWLYLWLHV DQG DV D EDWKLQJ ZDWHU�
7KH /,)(� SURMHFW Ä,QWHJUDWHG /DNH 0DQDJHPHQW RI WKH 8UEDQ /DNH $OWH 'RQDX� GHPRQVWUDWHV
LQWHJUDWHG ODNH PDQDJHPHQW DV DQ LQVWUXPHQW RI DQ LQQRYDWLYH DQG XS�WR�GDWH HQYLURQPHQW SROLF\
ZLWK D KROLVWLF DQG PXOWL�REMHFWLYH DSSURDFK� 7KH SURMHFW PHDVXUH LQFOXGH ��� ,PSOHPHQWDWLRQ DQG
'HPRQVWUDWLRQ RI ,QWHJUDWHG /DNH 0DQDJHPHQW LQ DQ LQWHQVLYHO\ XVHG XUEDQ HQYLURQPHQW LQ WKH
FRQWH[W RI WKH FLW\¶V JRYHUQDQFH SUDFWLFHV� ��� 5HGXFWLRQ RI WKH YXOQHUDELOLW\ WR FOLPDWH FKDQJH
LPSDFWV DQG RWKHU DQWKURSRJHQLF SUHVVXUHV� ��� 0DLQWDLQLQJ DQG HQVXULQJ JRRG HFRORJLFDO VWDWXV
�:)'� DQG JRRG EDWKLQJ ZDWHU TXDOLW\ �%DWKLQJ :DWHU 'LUHFWLYH� WKURXJK WKH LPSOHPHQWDWLRQ RI
LQQRYDWLYH WHFKQRORJLHV DQG PHWKRGV ��� $FKLHYH DQG PDLQWDLQ D VWDEOH DTXDWLF HQYLURQPHQW LQ DQ
LQWHQVLYHO\ XVHG XUEDQ HQYLURQPHQW WKURXJK VXVWDLQDEOH PDQDJHPHQW SURFHGXUHV ��� 0DLQWDLQLQJ
DQG LPSURYLQJ WKH VRFLR�HFRQRPLFDO EHQHILWV IRU WKH SRSXODWLRQ DQG VWDNHKROGHUV LQ FRQQHFWLRQ ZLWK
VXVWDLQDEOH XUEDQ GHYHORSPHQW ��� ,PSURYHPHQW RI FRPPXQLFDWLRQ ZLWK DQG SDUWLFLSDWLRQ RI WKH
SRSXODWLRQ�DQG�RWKHU�VWDNHKROGHUV�
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$OSKD�&RQVXOW��,WDO\
�
.(<:25'6��:$7(5�6(16,7,9(�85%$1�'(6,*1��85%$1�:$7(5�&$7&+0(17��/$.(�0$1$*(0(17�81'(5
$17+52320253+,&�35(6685(

7KH FRQYHQHU FRQVLGHU RI SDUDPRXQW LQWHUHVW WR VWUHVV WKH QHHG RI LQWURGXFLQJ WKH FRQFHSWV RI
ZDWHU VHQVLWLYH XUEDQ GHVLJQ LQ (XURSH� DQG WR GUDZ WKH DWWHQWLRQ WR WKH QHHG RI UHDOLVLQJ :68'
SURMHFWV DQG WR ERRVW WKH :68' PHWKRGRORJ\� WKDW XQLWHV D ZLGH UDQJH RI SURIHVVLRQDOV DQG IRUPV
D QHZ PXOWLGLVFLSOLQDU\ VSKHUH RI DFWLRQ WR SURWHFW RXU ODNHV DQG LQWHUQDO ZDWHUZD\V� :68'
LQYROYHV WKH FRQVWUXFWLRQ RI VWUXFWXUDO VWRUP ZDWHU PDQDJHPHQW PHDVXUHV VXFK DV FRQVWUXFWHG
XUEDQ ODNHV� ZHWODQGV� ELR UHWHQWLRQ V\VWHPV� VHGLPHQW EDVLQV DQG VZDOHV� 7KH SUHVHQWDWLRQ DLPV
WR LQWURGXFH ZDWHU VHQVLWLYH XUEDQ GHVLJQ SULQFLSOHV DQG WKH FKDOOHQJHV RI PDQDJLQJ XUEDQ ODNHV RU
QDWXUDO ODNHV ZLWK VXEVWDQWLDO DQWURSRPRUSKLF SUHVVXUH� 7KH DXWKRU ZLVKHV WR VKRZ D QHZ VHW RI
SODQQLQJ WRROV GHVLJQHG WR WUHDW VWRUP ZDWHU UXQRII LQ WKH XUEDQ FDWFKPHQW SULRU WR EHLQJ UHOHDVHG
LQWR WKH :HWODQGV RU WKH ODNH EDVLQV� 7KH REMHFWLYH RI WKH FRQWULEXWLRQ LV WR IRVWHU WKH VWDNHKROGHUV
WR KDUPRQL]H XUEDQ SODQQLQJ ZLWK WKH UHODWHG K\GUDXOLF VWUXFWXUHV DQG DJULFXOWXUDO EHVW SUDFWLFHV WR
PDNH SRVVLEOH D QHZ XVH RI XUEDQ UXQRII� 0RUHRYHU WKHUH LV WKH QHHG IURP RQH VLGH WR FRQVLGHU WKH
XUEDQ FDWFKPHQW DV D QHZ VRXUFH RI ZDWHU IRU XUEDQ XVHV DQG IURP WKH RWKHU WKH FRQVWUXFWLRQ RI
K\GUDXOLF LQIUDVWUXFWXUHV DURXQG WKH XUEDQ ODNHV PHDQW WR LQWHUVHFW SROOXWHG UXQRII IURP WKH
FDWFKPHQW WR VDIHJXDUG WKH TXDOLW\ RI ODNH ZDWHUV� 7KH SDSHU SURYLGHV FRQVLGHUDWLRQV RQ
VWRUPZDWHU PDQDJHPHQW ZLWK DQ DGGHG LQVLJKW LQWR LQFRUSRUDWLQJ :68' LQWR D KLJKO\ IXQFWLRQDO
DQG�ZHOO�LQWHJUDWHG�SXEOLF�RSHQ�VSDFH�
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7XVFLD�8QLYHUVLW\��,WDO\�

7XVFLD�8QLYHUVLW\��'LS��'$)1(��,WDO\

7XVFLD�8QLYHUVLW\��'LS��'$)1(��,WDO\
�
.(<:25'6��121�32,17�6285&(�32//87,21��/$1'�86(��*/($06�02'(/

7KH /DNHV V\VWHPV DUH VHQVLWLYH WR DQWKURSRJHQLF DFWLYLWLHV � IRU WKLV UHDVRQ� WKH\ UHSUHVHQW WKH
�ODERUDWRULHV� LQ ZKLFK LW LV SRVVLEOH WR WHVW PHWKRGV RI DQDO\VLV IRU GHWHUPLQLQJ SODQQLQJ FULWHULD WR
FRQWDLQ SROOXWDQWV 7R WKLV DLP '$)1( 'HSDUWPHQW RI 7XVFLD 8QLYHUVLW\ KDYH EHHQ FDULQJ RXW GDWD
DFTXLVLWLRQ DQG PRQLWRULQJ QHWZRUN IRU VHYHUDO \HDUV 7KH UHVXOWV DUH VKRZQ LQ WKLV SDSHU� 7KH
DQDO\VLV FDUULHG RXW VR IDU OHDGV WR D VXEVWDQWLDO FRLQFLGHQFH� IRU WKH VSHFLILF FDVH RI /DNH 9LF �
LQFOXGLQJ WKH SUREOHPV RI HXWURSKLFDWLRQ DQG VRLO HURVLRQ FRQWURO� (VWDEOLVKPHQW RI ODQG XVH
VFHQDULRV FRPSDWLEOH� WKURXJK WKH LQWHJUDWLRQ RI FOLPDWH SURMHFWLRQV� GHPRJUDSKLF DQG ODQG FRYHU
PDSV LQ RUGHU WR DVVHVV WKH LPSDFW RI ODQG XVH RQ WKHVH VHQVLWLYH HQYLURQPHQWDO V\VWHPV� 7KH
GHILQLWLRQV RI PLWLJDWLRQ PHDVXUHV RQ FULWLFDO DUHDV DUH VKRZQ� */($06 PRGHO KDYH EHHQ
SUHSDUHG XVLQJ RYHU D �� \HDUV SHULRG� ZLWK DSSURSULDWH UDLQ GDWD IURP WKH K\GURORJLFDO VWDWLRQ RI
5RQFLJOLRQH� ZKLFK KDV VXIILFLHQWO\ ORQJ GDWD UHFRUGLQJV �VWDUWHG LQ ����� RI GDLO\ GDWD RI
SUHFLSLWDWLRQ� LQWHJUDWHG IRU WKH ZDWHU EDODQFH � WKH WHPSHUDWXUH GDWD �DOZD\V 5RQFLJOLRQH� ZLQG�
UHODWLYH KXPLGLW\ DQG VRODU UDGLDWLRQ �WKH ODWWHU IURP WR 9LWHUER 6WDWLRQ � 7KH UHVXOWV IURP WKH
VLPXODWLRQ ZDV FRPSDUHG ZLWK WKH PRQLWRULQJ LQ WKH ODNH LQWDNH QXWULHQWV GDWD UHFRUGLQJV VR WR
DUULYH WR D YDOLGDWLRQ RI WKH PRGHO 367 � &6$ 6WUDWHJLF 3ODQQLQJ 3URMHFW IRU SURSHU 7HUULWRULDO
(QYLURQPHQWDO 6XVWDLQDELOLW\ WKDNH LQWR DFFRXQW 9LFR /DNH WKDW LV D V\VWHP VHQVLWLYH WR
DQWKURSRJHQLF�DFWLYLWLHV
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$OSKD�&RQVXOW��,WDO\
�
.(<:25'6��/$.(�%$6,16��/$1'6&$3(�)81&7,21$/,7<�$66(660(17��*,6�7(&+12/2*<

$ FR�UHVHDUFK SURMHFW LV XQGHUJRLQJ LQ FRRSHUDWLRQ ZLWK ILYH UHVHDUFK LQVWLWXWH QDPHO\� 8QLYHUVLW\ RI
5RPH 6DSLHQ]D ',$3 GHSDUWPHQW� 8QLYHUVLW\ RI 7XVFLD � '$)1( GHSDUWPHQW� ,WDOLDQ *HRJUDSKLFDO
6RFLHW\� &5$�&0$ 1DWLRQDO 5HVHDUFK 8QLW IRU &OLPDWRORJ\ DQG 0HWHRURORJ\ DSSOLHG WR DJULFXOWXUH
DQG &5$�536 1DWLRQDO 5HVHDUFK &HQWUH IRU WKH 6WXG\ RI WKH 5HODWLRQVKLSV EHWZHHQ 3ODQW DQG
6RLO� 7KH DLP RI WKH SURMHFW LV WR VHW XS DQ LQWHJUDWHG IUDPHZRUN IRU ODQGVFDSH IXQFWLRQDOLW\
DVVHVVPHQW LQ ODQG XVH SODQQLQJ IRU WKH PDQDJHPHQW RI XUEDQ DQG DJULFXOWXUDO SODQQLQJ LQ WKH
/D]LR 5HJLRQ YROFDQLF ODNHV K\GURORJLFDO EDVLQV� D PRGHO KDV EHHQ VHW XS DQG WHVWHG ZLWK GDWD
GHULYLQJ IURP ODVW ILIW\ \HDUV GDLO\ REVHUYDWLRQV� 7KH PHWKRGRORJ\ SRUWHG RQ D ZHE�EDVHG SRUWDO
XVLQJ *,6 WHFKQRORJ\ DOORZV WR YHULI\ LQ UHDO WLPH WKH LPSOLFDWLRQV RI PRGLILFDWLRQ WR WKH ODQG XVH�
1HZ SURSRVHG SODQQLQJ SURMHFWV KDYH QRZ DQ LQVWUXPHQW DOORZLQJ WKH VWDNHKROGHUV WR KDYH D
TXDQWLWDWLYH PHWKRG WR ZHLJK WKH GHFLVLRQV WR EH WDNHQ� WKHUHIRUH SURGXFLQJ ULVN KD]DUG PDSV IRU
WKH GLIIHUHQW SODQQLQJ VFHQDULRV� 7KH 0HVR VFDOH SODQQLQJ LQFOXGHV WKH RYHUOD\ RI ODQG XVH
GHYHORSPHQWV RYHU WKH \HDUV� QHZ JHRORJLFDO GDWD� VORSH PDSV� PRUSKRORJ\� UDLQ GDWD� SRSXODWLRQ
GLVWULEXWLRQ PDSV� 7KH SURMHFW DQDO\VHV GLIIHUHQW W\SHV RI HFRV\VWHP VHUYLFHV WKDW FDQ EH
LPSOHPHQWHG DQG WKH PRGHO DOORZV WR HYDOXDWH WKH IXQFWLRQDOLW\ RI WKH ODQGVFDSH LQ HFRORJLFDO
WHUPV �YHULI\LQJ QXWULHQW F\FOLQJ� ZDWHU SXULILFDWLRQ JDLQHG E\ FKDQJLQJ ODQG XVH�ELRGLYHUVLW\�� VRFLDO
XVHV �UHFUHDWLRQDO DQGDHVWKHWLFIHDWXUHVRI WKH ODQGVFDSH WR HQFRXUDJH ORFDO HFRQRPLF IRU LQVWDQFH
KRUVH�WUDLOV��ILVKLQJ�DQG�DJULFXOWXUDO�SURGXFWLRQ��
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5HVHDUFK�,QVWLWXWH�IRU�+XPDQLW\�DQG�1DWXUH��5,+1���-DSDQ

5HVHDUFK�&HQWHU�IRU�/LPQRORJ\���,QGRQHVLDQ�,QVWLWXWH�RI�6FLHQFHV��/,3,���,QGRQHVLD
�
.(<:25'6��85%$1�/$.(6���:$7(5�48$/,7<���3$7+2*(1,&�%$&7(5,$�

8UEDQ ODNHV� QDWXUDO RU PDQ�PDGH ODNHV �VLWX�ZDGXN LQ ,QGRQHVLDQ� LQ -DNDUWD 0HJDFLW\
�-DERGHWDEHN� KDYH SOD\HG DQ LPSRUWDQW UROH IRU LUULJDWLRQ� IORRG FRQWURO DQG JURXQGZDWHU UHFKDUJH
IRU D ORQJ WLPH� 0DQ\ PDQ�PDGH ODNHV ZHUH EHOLHYHG WR EH EXLOW GXULQJ 'XWFK FRORQLDO WLPH� )RU
GHFDGHV� WKHVH XUEDQ ODNHV VXIIHUHG IURP XQSODQQHG UDSLG GHYHORSPHQW� XUEDQL]DWLRQ DQG LOOHJDO
RFFXSDQF\� $OVR EHFDXVH RI QHJOHFW E\ JRYHUQPHQW DQG ORZ SXEOLF DZDUHQHVV� DOPRVW DOO RI XUEDQ
ODNHV KDYH EHHQ SROOXWHG DQG ILOOHG ZLWK XQWUHDWHG VHZDJH DQG VROLG ZDVWH� $V D UHVXOW� WKH XUEDQ
ODNHV EHFRPH EUHHGLQJ JURXQGV RI SDWKRJHQLF EDFWHULD HVSHFLDOO\ RQH WKDW FDXVHV ZDWHUERUQH
JDVWURHQWHULWLV� 6LWXDWLRQ LV GHWHULRUDWHG ZKHQ WKH DPRXQWV RI EDFWHULD ZLOO EH GLIIXVHG ZLWK WKH IORRG
WKDW KLW -DNDUWD PHJDFLW\ HYHU\ \HDU DQG HOHYDWHG ULVN RI ZDWHUERUQH JDVWURHQWHULWLV� 0RUHRYHU�
SHRSOH DURXQG WKH ODNH DUH IRQG RI ILVKLQJ DQG HDWLQJ ILVK IURP WKHVH XUEDQ ODNHV� %HFDXVH ZDWHU
TXDOLWLHV GDWD IURP -DNDUWD 0HJDFLW\¶V XUEDQ ODNHV ZHUH TXLWH UDUH� HVSHFLDOO\ IRU &ROLIRUP DQG
)HFDO FROLIRUP� (VFKHULFKLD FROL �(� FROL� GDWD� RXU UHVHDUFK PHDVXUHG WKH DEXQGDQFH RI SDWKRJHQ
EDFWHULD VXFK DV FROLIRUP DQG (� FROL DW VHYHUDO XUEDQ ODNHV� 7KH UHVXOWV VKRZ WKDW SRSXODWLRQ RI
SDWKRJHQ EDFWHULD LQ VHYHUDO XUEDQ ODNHV H[FHHGHG WKH ZDWHU TXDOLW\ VWDQGDUG IRU LUULJDWLRQ DQG
ILVKHULHV� ,I ZH XVH JRYHUQPHQW VWDQGDUG >33 1R� �� ������@ WKDW ZDWHU TXDOLW\ VWDQGDUG IRU FROLIRUP
LV ��������� P/ DQG �������� P/ IRU (� FROL� FROLIRUP DQG (� FROL OHYHOV PHDVXUHG DW WKHVH ODNHV
KDV DERYH WKH VWDQGDUG� 1RW RQO\ XUEDQ ODNHV WKDW DUH VXUURXQGHG E\ KRXVLQJ VXFK DV (PSDQJ
%DKDJLD� 7HOXN *RQJ DQG 5DZD %HVDU EXW DOVR WKRVH DUH DUH VXUURXQGHG E\ XUEDQ IRUHVW �+XWDQ
.RWD 6UHQJVHQJ�� DJULFXOWXUH �3DPXODQJ� DQG LQGXVWU\ �5DZD .DORQJ� KDYH KLJK OHYHO RI FROLIRUP
DQG�(��FROL�
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,WDOLDQ�1DWLRQDO�,QVWLWXWH�IRU�(QYLURQPHQWDO�3URWHFWLRQ�DQG�5HVHDUFK��,635$���,WDO\
�
.(<:25'6��,635$�,7$/,$1�1$7,21$/�,167,787(�)25�(19,5210(17$/�3527(&7,21�$1'�5(6($5&+��:)'����������/$.(
021,725,1*�352*5$0

,635$ � ,QODQG DQG 0DULQH :DWHU 'HSDUWPHQW SHUIRUPV VFLHQWLILF DQG WHFKQLFDO DFWLYLWLHV WR HQVXUH
WKH SURWHFWLRQ� VDQLWDWLRQ� XVH DQG PDQDJHPHQW RI ERWK ,QODQG DQG 0DULQH�&RDVWDO :DWHUV�
,QVWLWXWLRQDO QDWLRQDO IXQFWLRQV DUH LQ VXSSRUW RI WKH ,WDOLDQ UHOHYDQW DFWLYLW\ DV SHU WKH QDWLRQDO
OHJLVODWLRQ� ,Q SDUWLFXODU� WKH 'HSDUWPHQW FDUULHV RXW WKH IROORZLQJ DFWLYLWLHV�  FROOHFWLRQ DQG
PDQDJHPHQW RI GDWD LQ FRQQHFWLRQ DOVR LQ UHODWLRQ ZLWK RWKHU QDWLRQDO DQG SHULSKHUDO VWUXFWXUHV DQG
LQ FRQQHFWLRQV ZLWK RWKHU LQWHUQDWLRQDO ERGLHV LQ WKH ILHOG�  IXQFWLRQV RI QDWLRQDO LPSRUWDQFH LQ WKH
ILHOG RI K\GURORJ\� ZDWHU UHVRXUFHV DQG PDUHRJUDSK\ LQ OLQH ZLWK WKH DFWLYLWLHV RI WKH 1DWLRQDO
+\GURJUDSKLF 6HUYLFH WKDW LV WKH FRPSHWHQFH FHQWHU LQ WKH ILHOG RI K\GURORJ\ DQG K\GUDXOLFV IRU WKH
LQODQG DQG PDULQH�FRDVWDO ZDWHUV�  GHYHORSV DQG PDQDJHV WKH VWDWH RI WKH VHDV IRUHFDVWLQJ
V\VWHP� DQG SHUIRUPV WKH DQDO\VLV RQ WKH GDWD FROOHFWHG� H[SUHVVHV RIILFLDO RSLQLRQV DQG SHUIRUPV
DVVHVVPHQWV RQ ZDWHU SURWHFWLRQ RQ D QDWLRQDO VFDOH�  VXSSRUWV WKH 0LQLVWU\ RI (QYLURQPHQW DQG
3URWHFWLRQ RI /DQG DQG 6HD IRU� R WKH LPSOHPHQWDWLRQ RI WKH :DWHU )UDPHZRUN 'LUHFWLYH
���������(& RU :)'� DQG )ORRGV 'LUHFWLYH ���������(& RU )'� DOVR WKURXJK WHFKQLFDO UHJXODWLRQV
GUDIWLQJ RQ WKH SURWHFWLRQ RI ZDWHU TXDOLW\ DQG TXDQWLW\� R WKH SUHSDUDWLRQ RI WHFKQLFDO UHSRUWV�
SDSHUV� ZRUNVKRSV� DQG SURYLGHV WKH VXSSRUW WR WKH FRPSHWHQW DXWKRULWLHV IRU UHSRUWLQJ WR WKH
(XURSHDQ &RPPXQLW\ DQG HQVXUH WKH SDUWLFLSDWLRQ LQ WKH &RPPXQLW\ UHVHDUFK SURMHFWV WR WKH
&RPSHWHQW 1DWLRQDO $XWKRULWLHV DQG 0LQLVWHULDO ZRUNLQJ JURXSV DQG WR WKH (XURSHDQ &RPPLVVLRQ RI
WKH (XURSHDQ &RPPXQLW\� R WKH DQVZHU WR WHFKQLFDO TXHVWLRQV DURVH GXULQJ DQG DIWHU WKH ELODWHUDO
PHHWLQJ ZLWK WKH (XURSHDQ &RPPLVVLRQ UHJDUGLQJ WKH LPSOHPHQWDWLRQ LQ ,WDO\ RI WKH :DWHU
)UDPHZRUN 'LUHFWLYH ���������(&�� R WKH FROOHFWLRQ DQG SURFHVVLQJ RI GDWD IRU WKH SUHSDUDWLRQ RI
WKH UHSRUW RI REOLJDWLRQ IRU WKH (8 ZLWK UHJDUG WR (8 'LUHFWLYHV �������((& � 8::7'�PXQLFLSDO
ZDVWHZDWHU�� �������((& �1'�QLWUDWHV IURP DJULFXOWXUDO VRXUFHV�� ��������((& � 'DQJHURXV
6XEVWDQFHV�� R WKH SUHGLVSRVLWLRQ� IRU ZKDW LV LWV FRPSHWHQFH PDWWHUV� RI WKH VFKHPHV RI WKH
GHFUHHV RU WKHLU XSGDWHV RQ WKH PRQLWRULQJ DQG FODVVLILFDWLRQ RI VXUIDFH DQG JURXQGZDWHU� R WKH
SUHSDUDWLRQ RI UHSRUWLQJ� WKH GHYHORSPHQW RI PHWKRGRORJLHV IRU WKH K\GURPHWHRURORJLFDO PRQLWRULQJ
DQG K\GURPRUSKRORJLFDO FKDUDFWHUL]DWLRQ RI ZDWHU UHVRXUFHV DW WKH QDWLRQDO OHYHO� LQ DFFRUGDQFH
ZLWK WKH 'LUHFWLYH ��������(& DQG LQ DFFRUGDQFH ZLWK WKH 'LUHFWLYH ��������(&� LQ FRRUGLQDWLRQ
ZLWK WKH V\VWHP RI 1DWLRQDO $JHQFLHV DQG ZLWK WKH 5LYHU %DVLQ $XWKRULWLHV� R WKH LQWHJUDWLRQ RI WKH
QDWLRQDO PHWKRGV IRU WKH PRUSKRORJLFDO FODVVLILFDWLRQ RI WKH ,WDOLDQ ULYHUV ZLWK WKH PRQLWRULQJ LQGH[
RI PRUSKRORJLFDO TXDOLW\� WR XSGDWH WKH 0LQLVWHULDO 'HFUHH ��� � �� RQ WKH EDVLV RI WKH FODVVLILFDWLRQ
RI ,WDOLDQ VXUIDFH ZDWHU ERGLHV� R WKH GHYHORSPHQW RI WKH QDWLRQDO PHWKRG WR LGHQWLI\ WKH ULYHU ZDWHU
ERGLHV KHDYLO\ PRGLILHG� E\ WKH 0LQLVWHULDO 'HFUHH SXEOLVKHG RQ 1RYHPEHU ��WK ����� R WKH
SURGXFWLRQ RI WHFKQLFDO UHSRUWV DQG UHJXODWRU\ UHTXLUHPHQWV� R WKH FRRUGLQDWLRQ DFWLRQV ZLWK WKH
ORFDO DXWKRULWLHV LQYROYHG� LQ SDUWLFXODU� DFWLRQV RI UHFRQFLOLDWLRQ ZLWK WKH 6\VWHP RI 5HJLRQDO
$JHQFLHV IRU (QYLURQPHQWDO 3URWHFWLRQ �$53$�$33$� ZLWK WKH SURGXFWLRQ RI D JXLGH OLQH IRU WKH DG
KRF ZRUNLQJ JURXS RQ PRQLWRULQJ ZDWHU DV SHU WKH :)' DSSURYHG E\ WKH 3HUPDQHQW 7HFKQLFDO
&RPPLWWHH� R WKH IRUPDWLRQ RI $53$� $33$� 5HJLRQV DQG 5LYHU %DVLQ $XWKRULWLHV RQ WKH PHWKRG RI
K\GUR�PRUSKRORJLFDO FODVVLILFDWLRQ� R WKH SUH�LQTXLU\ DFWLYLWLHV DV H[SHUWV IRU WKH FRPSRQHQW �:DWHU
(QYLURQPHQW� IRU WKH LQYHVWLJDWLRQV UHJDUGLQJ WKH 6WUDWHJLF (QYLURQPHQWDO $VVHVVPHQW �6($� DQG
IRU LQYHVWLJDWLRQV UHJDUGLQJ WKH (QYLURQPHQWDO ,PSDFW $VVHVVPHQWV �(,$�� R WKH SDUWLFLSDWLRQ LQ WKH
DFWLYLWLHV RI WKH ZRUNLQJ JURXS IRU PDWWHUV SHUWDLQLQJ WR WKH GHSDUWPHQW� R WKH DFWLYLWLHV GHVLJQHG WR
VKDUSHQ WKH OHYHO RI NQRZOHGJH DERXW WKH RULJLQ RI WKH FRQWHQW RI QLWUDWHV LQ JURXQGZDWHU DQG
VXUIDFH ZDWHU LQ WKH WHUULWRULHV RI WKH UHJLRQV RI 3LHGPRQW� /RPEDUG\� (PLOLD 5RPDJQD� 9HQHWR DQG
)ULXOL 9HQH]LD *LXOLD� %DVHG RQ WKH GDWD FROOHFWHG DQG WKH SUHYLRXV H[SHULHQFHV RI WKH UHJLRQV
SDUWLFLSDWLQJ LQ WKH SURMHFW� ,635$ DQG WKH $53$ LQYROYHG DJUHHG RQ D H[SHGLWLRXV PRGHO
DSSOLFDEOH RQ D VXSUD�UHJLRQDO VFDOH IRU WKH LGHQWLILFDWLRQ RI DUHDV ZLWK GLIIHUHQW YXOQHUDELOLW\ WR
QLWUDWHV� 7KH SXUSRVH RI WKLV PRGHO LV WR SURYLGH DQ LQGH[ RI YXOQHUDELOLW\ DVVHVVPHQW� 7KLV LQGLFDWRU
ZLOO EH DSSOLHG RQ D UHJLRQDO VFDOH DQG FRPSDUHG ZLWK WKH PHWKRGV DSSOLHG LQ HDFK UHJLRQ WR GHILQH
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WKH 19=� R WKH PDQDJHPHQW� WKH XSGDWLQJ DQG WKH GHYHORSPHQW RI WKH V\VWHP IRU WKH SUHGLFWLRQ
DQG DQDO\VLV RI ZHDWKHU HYHQWV DW VHD LQ WKH 0HGLWHUUDQHDQ %DFLQ� WKURXJK WKH LPSOHPHQWDWLRQ RI
QHZ IRUHFDVWLQJ PRGHOV� VWXG\ DQG DVVHVVPHQW RI WKH LPSURYHPHQWV� GHYHORSPHQW DQG DSSOLFDWLRQ
RI LQQRYDWLYH PHWKRGV RI YHULILFDWLRQ DQG DQDO\VLV RI K\GURORJLFDO H[WUHPHV� VXFK DV IORRGV DQG
GURXJKWV �VHH 'URXJKW 0RQWKO\ %XOOHWLQ RQ WKH ,635$ ZHE VLWH� DQG WKH PDULQH HYHQWV DQG WKH
LQWHQVH HYHQW RI WKH PDULQH FRDVWDO ZHDWKHU� HYHQ WKURXJK WKH FRPELQDWLRQ RI K\GURORJLFDO DQG
K\GURPHWULF�GDWD�ZLWK�LQ�VLWX�GDWD�IURP�UDGDU�DQG�VDWHOOLWH�
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,QGLDQ�$VVRFLDWLRQ�RI�$TXDWLF�%LRORJLVWV��+\GHUDEDG��,QGLD

�

�
�
.(<:25'6��/$.(�&216(59$7,21��02'(51,6$7,21��,55,*$7,21

6KDPLUSHW� QHDU *UHDWHU +\GHUDEDG &LW\�LV D UHVHUYRLU FRQVWUXFWHG E\ WKH (UVWZKLOH .LQJ 1L]DP
+(+ 0LUXVPDQDOLNKDQ %DKDGXU WR LUULJDWH RYHU ���� DFUHV RI ODQG DQG SUREDEO\ D VWDQGE\ ODNH IRU
WKH FLW\ � ,W LV VLWXDWHG LQ WKH FRRUGLQDWHV���R��O��OO 1��R��O ��OO (�� 'XH WR JURZWK� PRGHUQL]DWLRQ
DQG UHTXLUHPHQWV RI WKH KDELWDQWV LW KDUGO\ VXSSOLHV ZDWHU WR RYHU ��� DFUHV RI ODQG IRU FXOWLYDWLRQ RI
ULFH� .KDULI DQG 5DEL FURSV�7KH &DWFKPHQW DUHD LV VWLOO D UD\ RI KRSH IRU IXUWKHU GHYHORSPHQW DQG
JURZWK�7KLV DUHD VWDUWV IURP 1HGFKHO 7DOXND FRYHULQJ PDQ\ YLOODJHV DQG IRUHVW ODQG XS WR %KRQJLU
7DOXND �7KH 7HUUDLQ RI WKLV FDWFKPHQW DUHD FRQVLVWV IRUHVW ODQG� ILHOGV� GLWFKHV� VWUHDPV DQG URFNV
VXSSRUWLQJ YHJHWDWLRQ� ELUGV� KXPDQ EHLQJV� DQLPDOV DQG ZLOG OLIHV� ,Q IDFW WKLV SDUW ZDV D FROOHFWLRQ
VSRW IRU WKH VWXGHQWV RI K\GURELRORJ\� QDWXUDO VFLHQFHV� OLPQRORJLVWV DQG DFDGHPLFLDQV� 7KH DOJDO
VSHFLPHQV DQG ]RRSODQNWRQV ZHUH DYDLODEOH LQ SXUH IRUP IRU KHUEDULXP FROOHFWLRQ DQG GD\ WR GD\
SUDFWLFDO FODVVHV WR VWXG\ WKHP� 7KH\ FDQ EH HYHQ WRGD\ EHFRPH VRXUFH RI ILHOGV JURZLQJ DOJDH
OLNH 1RVWRF� 6SLUXOLQD� &KORUDOODH� %DWURFKRVSHUPXP� =RRSODQNWRQV� HWF� 7KLV DUHD ZLOO JHQHUDWH
QHZ IRUP RI EXVLQHVV UDUHO\ NQRZQ WR WKH SRSXODV ZKLFK FDQ EH HQJDJHG LQ SXEOLF SULYDWH
SDUWLFLSDWLRQV� JURZWK RI K\GURSRQLFV DQG RWKHU EUDQFKHV RI VFLHQFH� 7KH XQHPSOR\HG \RXWKV�
QDWXUDOLVWV� HQYLURQPHQWDOLVWV DQG RWKHUV ZLOO PDNH XVH RI WKH ODNH OLNH D ILHOG ODERUDWRU\� 7KH
LQFUHDVH LQ ZDWHU OHYHO ZLOO HQKDQFH RWKHU YHQWXUHV OLNH EUHHGLQJ SUDZQV� ILVKHV HWF� 7KLV LV
SRVVLEOH RQO\ ZKHQ DWWHPSWV DUH PDGH WR LQWHUFRQQHFW WKH VPDOO GLWFKHV DQG VWUHDPV LQ WKH
FDWFKPHQW DUHD IROORZLQJ ,&5,6$7 DQG *RYHUQPHQW RI ,QGLD PHWKRGV RI UDLQ KDUYHVW �SUHVHUYDWLRQ
DQG�FRQVHUYDWLRQ�RI�ZDWHU�WR�XWPRVW�XVH�
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&HQWHU�IRU�LQIUDVWUXFWXUH��6XVWDLQDEOH�7UDQVSRUWDWLRQ�DQG�8UEDQ�3ODQQLQJ��,QGLD
�
.(<:25'6��85%$1�/$.(6��85%$1,=$7,21���%$1*$/25(�&,7<

5DSLG XUEDQL]DWLRQ FXUUHQWO\ WKUHDWHQV RYHU D WKLUG RI RYHU ���� DPSKLELDQ VSHFLHV LQ WKH
ZRUOG� 3UHVHQFH RI D JRRG SRSXODWLRQ RI DPSKLELDQV LQ D UHJLRQ LV DQ LQGLFDWLRQ RI D KHDOWK\
HQYLURQPHQW DV WKH\ SOD\ D PDMRU UROH LQ HFRV\VWHP IXQFWLRQLQJ� 'HFOLQH LQ KDELWDEOH ZDWHU ERGLHV�
SROOXWLRQ DQG FRQYHUVLRQ RI ODNHV WR FDWHU KXPDQ VHWWOHPHQWV DUH FRQVLGHUHG NH\ GHWHUPLQDQWV IRU
ORVV RI DPSKLELDQV LQ FLWLHV� +RZHYHU� VFLHQWLILF UHVHDUFK RQ DPSKLELDQV LQ DQ XUEDQ HFRV\VWHP
HVSHFLDOO\ LQ IDVW JURZLQJ PHWURSROLWDQ FLWLHV RI ELRGLYHUVLW\ ULFK WURSLFDO UHJLRQ DUH WKH QHHG RI WKH
KRXU IRU EHWWHU XQGHUVWDQGLQJ RI SURFHVVHV EHKLQG DPSKLELDQ GHFOLQHV� 7KH SUHVHQW VWXG\ LV FDUULHG
RXW LQ WKH FLW\ RI %DQJDORUH� WKH VWDWH FDSLWDO RI .DUQDWDND� ,QGLD� ,W LV RQH RI WKH IDVWHVW JURZLQJ DQG
ILIWK ODUJHVW PHWURSROLWDQ LQ ,QGLD ZLWK RYHU ���VT�NP RI DUHD DQG ��� PLOOLRQ SHRSOH� 6HYHQWHHQ
VSHFLHV RI IURJV DQG WRDGV DUH UHFRUGHG IURP %DQJDORUH� ZLWK QR IURJ RU WRDG LQ WKH ODNHV RI FLW\
FHQWUDO UHJLRQ WR � VSHFLHV LQ WKH RXW VNLUWV RI WKH FLW\� 7KH NH\ GHWHUPLQDQWV RI GLVWULEXWLRQ LQFOXGHG
GLVWDQFH RI WKH ZDWHU ERG\ IURP WKH FLW\ FHQWUH� KXPDQ SRSXODWLRQ GHQVLW\� DVSKDOWHG URDGV DQG
EXLOW�XS DURXQG WKH ZDWHU ERGLHV� 6SHFLHV GLVWULEXWLRQ PRGHOOLQJ RI PRVW IUHTXHQWO\ REVHUYHG
DTXDWLF� WHUUHVWULDO� VHPL�DTXDWLF DQG WHUUHVWULDO IURJ DQG WRDG VSHFLHV DUH FDUULHG RXW� EDVHG RQ
YDULDEOHV RI SRSXODWLRQ� GUDLQDJH QHWZRUN� ODNH ERXQGDULHV� URDG QHWZRUN� ODQG�XVH� SUHFLSLWDWLRQ
DQG�WHPSHUDWXUH��7KLV�KHOSHG�LQ�SULRULWL]LQJ�UHJLRQV�IRU�DQXUDQ�FRQVHUYDWLRQ�LQ�%DQJDORUH�FLW\��
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5HVHDUFK�&HQWHU�IRU�/LPQRORJ\���/,3,��&LELQRQJ��,QGRQHVLD

5HVHDUFK�,QVWLWXWH�IRU�+XPDQLW\�DQG�1DWXUH��5,+1���.\RWR��-DSDQ
�
.(<:25'6��85%$1�/$.(��:$7(5�48$/,7<��/$.(�0$1$*(0(17��0(*$&,7<

7KH QHHG WR XQGHUVWDQG KRZ WKH VKDOORZ XUEDQ ODNH UHVSRQGV WR WKH EURDG�UDQJLQJ LPSDFWV RI
GLVWLQFW W\SHV RI ODNH VXUURXQGLQJ DQG VKRUHOLQH ODQGVFDSH GHYHORSPHQW LV EHFRPLQJ LQFUHDVLQJO\
LPSRUWDQW LQ PDLQWDLQLQJ WKH ODNHV ZDWHU TXDOLW\� 7KLV VWXG\ H[DPLQHV ZKDW LPSRUWDQW LQGLFDWRUV
UHODWHG WR GLVWLQFW W\SHV RI ODNH VXUURXQGLQJ DQG VKRUHOLQH ODQGVFDSH GHYHORSPHQW DIIHFW DQ XUEDQ
ODNH ZDWHU TXDOLW\� :H H[DPLQHG ZDWHU TXDOLW\ RI VHYHUDO XUEDQ ODNHV LQ PHJDFLW\ -DNDUWD
DVVRFLDWLRQV ZLWK GLVWLQFW W\SHV RI ODNH VXUURXQGLQJ DQG VKRUHOLQH ODQGVFDSH GHYHORSPHQW LQFOXGLQJ
OLWWRUDO KDELWDW HOHPHQWV� :H LGHQWLILHG � W\SHV RI ODNH VXUURXQGLQJ EDVHG RQ WKH W\SH RI LQKDELWDQW
DURXQG WKH ODNHV L�H� XUEDQ YLOODJH �GHQVH LUUHJXODU UHVLGHQWLDO KRXVLQJ�� UXUDO YLOODJH �DJULFXOWXUDO
DUHD DQG IHZ UHVLGHQWLDO KRXVLQJ�� SODQQHG UHVLGHQWLDO DUHD �UHJXODU UHVLGHQWLDO KRXVLQJ�� UXUDO�
XUEDQ YLOODJH �PL[HG UXUDO DQG XUEDQ YLOODJH� DQG XUEDQ�LQGXVWULDO DUHD �PL[HG XUEDQ YLOODJH DQG
LQGXVWULDO DUHD�� 6KRUHOLQH ODQGVFDSH GHYHORSPHQW LQ ODNHV LQFOXGHG QDWXUDO VKRUHOLQH �ZLWK JUHHQ
RSHQ VSDFH�� QDWXUDO�DUWLILFLDO VKRUHOLQH �ODFN RI JUHHQ RSHQ VSDFH ZLWK FRQFUHWH MRJJLQJ WUDFW� DQG
DUWLILFLDO VKRUHOLQH �QR RU OHVV YHJHWDWHG FRYHU� FRQFUHWH UHWDLQLQJ ZDOO DQG FRQFUHWH MRJJLQJ WUDFN��
/DNHV LQ UXUDO YLOODJH ZLWK QDWXUDO VKRUHOLQH DQG YDULRXV W\SHV RI YHJHWDWLRQ LQ ODNH¶V GHPDUFDWLRQ
DUHD� ODNH OLWWRUDO KDELWDWV DUH VWLOO ZHOO PDLQWDLQHG LQGLFDWHG E\ WKH SUHVHQFH RI VXEPHUJHG DTXDWLF
DQG HPHUJHQW SODQWV DQG VSRWWHG VHYHUDO W\SHV RI GUDJRQIOLHV DQG EXWWHUIOLHV� 7KHVH ODNHV KDYH
JRRG ZDWHU TXDOLW\ ZLWK OHVV WXUELG ZDWHU� KLJK GLVVROYHG R[\JHQ FRQFHQWUDWLRQ DQG ORZ &2'� 71�
73� DQG FKORURSK\OO�D FRQFHQWUDWLRQ� $OWKRXJK VWLOO UHFHLYLQJ VHZHUDJH� VWRUP ZDWHU DQG DJULFXOWXUDO
UXQRII WKH ODNHV LQ WKLV UXUDO YLOODJH W\SH RI ODNH VXUURXQGLQJ ZLWK QDWXUDO VKRUHOLQH ODQGVFDSH FDQ
PDLQWDLQ EHWWHU ZDWHU TXDOLW\ WKDQ WKRVH LQ RWKHU W\SHV RI ODNH VXUURXQGLQJ DQG VKRUHOLQH ODQGVFDSH�
9HJHWDWLRQ FRYHUDJH LQ ODNH¶V GHPDUFDWLRQ DUHD DQG OLWWRUDO KDELWDW HOHPHQWV VXFK DV WKH SUHVHQFH
RI VXEPHUJHG DQG HPHUJHQW DTXDWLF SODQWV VKRXOG EH PDQDJHG WR LPSURYH ZDWHU TXDOLW\ RQ XUEDQ
ODNHV� 7KHVH DUH WKH LPSRUWDQW IDFWRUV IRU XUEDQ ODNH PDQDJHPHQW VWUDWHJ\ WR FRQVHUYH XUEDQ
ODNHV�
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,QVWLWXWH�RI�*HRORJLFDO�6FLHQFHV��9LHWQDP�$FDGHP\�RI�6FLHQFH�DQG�7HFKQRORJ\��9LHWQDP

81(6&2��)UDQFH

,QVWLWXWH�RI�*HRORJLFDO�6FLHQFHV��9LHWQDP�
�
.(<:25'6��+$12,�/$.(6��5('�5,9(5�'(/7$��32/87,21

'XULQJ WKH SDVW IHZ \HDUV� +DQRL KDV IDFHG D UDSLG HFRQRPLF GHYHORSPHQW DQG XUEDQL]DWLRQ
SURFHVV DV ZHOO DV D SRSXODWLRQ JURZWK� %XLOW RQ WKH +RQJ �5HG� 5LYHU 'HOWD � D VZDPS ODQG� WKH
FLW\ HQYLURQPHQW LV FKDUDFWHUL]HG E\ D ODUJH QXPEHU RI ODNHV ZKLFK DUH QRW RQO\ SDUW RI WKH
WUDGLWLRQDO QDWXUDO HQYLURQPHQW RI +DQRL EXW DUH DOVR YLWDO IRU WKH FLW\ EHFDXVH RI WKHLU FUXFLDO UROHV
LQ UHJXODWLQJ ZDWHU IORZV� UHFKDUJLQJ JURXQGZDWHU� PRGHUDWLQJ FOLPDWH FKDQJH HIIHFWV DQG
PDLQWDLQLQJ WKH ELRORJLFDO GLYHUVLW\ RI WKH DUHD� $OWKRXJK WKH HFRQRPLF GHYHORSPHQW H[SHULHQFHG
GXULQJ WKH ODVW GHFDGH EURXJKW SURVSHULW\ WR +DQRL� WKH XQFRQWUROOHG GHYHORSPHQW KDV JHQHUDWHG
VHYHUDO QHJDWLYH HQYLURQPHQWDO LPSDFWV RQ LWV ODNHV� +DQRL VDZ D �� � GURS LQ WKH WRWDO DUHD RI LWV
ODNHV LQ MXVW RYHU D GHFDGH ����������� DQG ORVW ��� RI LWV WRWDO QXPEHU RI LWV ODNHV ZLWKLQ KDOI D
FHQWXU\ ������������ 7KH DODUPLQJ OHYHO RI SROOXWLRQ UHODWHG WR QXWULHQWV HQULFKPHQW KDV FDXVHG
EDG LPSDFWV RQ WKH HFRORJ\ DQG ELRGLYHUVLW\ RI WKH ODNHV DQG KDV OHG WR ZDWHU TXDOLW\ GHJUDGDWLRQ�
6XUIDFH ZDWHU LQ ULYHUV DQG ODNHV LV VHULRXVO\ SROOXWHG E\ ZDVWHZDWHU DQG HIIOXHQWV GLVSRVDO�
,QGHHG� KXQGUHGV RI UHVWDXUDQWV DQG KRWHOV ORFDWHG HLWKHU RQ WKH ODNHV VKRUH RU IORDWLQJ RQ WKH
ODNHV GLUHFWO\ GLVFKDUJH ZDVWH DQG HIIOXHQWV LQWR WKHP� OHDGLQJ WR HXWURSKLFDWLRQ SUREOHPV�
*URXQGZDWHU UHVRXUFHV DUH DOVR SROOXWHG E\ VXUIDFH ZDWHU LQWURGXFHG LQ WKH DTXLIHUV E\ KHDY\
SXPSLQJ� 7KLV SDSHU SUHVHQWV WKH UHVXOWV REWDLQHG GXULQJ DQ LQYHVWLJDWLRQ FDUULHG RXW LQ WKH
IUDPHZRUN�RI�D�SURMHFW�DLPHG�DW�HQKDQFLQJ�WKH�+D�1RL������\HDUV�
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1DWLRQDO�+\GUDXOLF�5HVHDUFK�,QVWLWXWH�RI�0DOD\VLD��0DOD\VLD

3XWUDMD\D�&RUSRUDWLRQ��0DOD\VLD

3XWUDMD\D�&RUSRUDWLRQ��0DOD\VLD

1DWLRQDO�+\GUDXOLF�5HVHDUFK�,QVWLWXWH�RI�0DOD\VLD��0DOD\VLD

3XWUDMD\D�&RUSRUDWLRQ��0DOD\VLD

1DWLRQDO�+\GUDXOLF�5HVHDUFK�,QVWLWXWH�RI�0DOD\VLD��0DOD\VLD
�
.(<:25'6��85%$1�/$.(��(&2�+<'52/2*<��(&26<67(0

3XWUDMD\D /DNH� EHLQJ WKH ODUJHVW IUHVKZDWHU ODNH LQ WKH FRXQWU\ FUHDWHG LQ \HDU ����� LV WKH KHDUW
RI WKH 0DOD\VLD¶V DGPLQLVWUDWLYH FLW\� 7KLV XUEDQ ZDWHU ERG\ V\VWHP QRW RQO\ SURYLGHV VXVWDLQDEOH
ELRJHQLF HQYLURQPHQW DQG UHFUHDWLRQDO VSRW IRU LWV LQKDELWDQW� EXW DOVR EHFRPHV DQ LPSRUWDQW
GHVWLQDWLRQ IRU LQWHUQDWLRQDO VSRUWV DQG WRXULVP HYHQWV LQ WKH FRXQWU\� 7KH PRUSKRORJ\ RI WKLV XUEDQ
ZDWHU ODNH� KRZHYHU� LV FRPSOH[ ZLWK ZDWHU�ERGLHV VXUURXQGLQJ DQ HORQJDWHG LVODQG� 7KH LQFUHDVLQJ
GHYHORSPHQW ZLWKLQ WKH FDWFKPHQW SURYLGHV FKDOOHQJHV LQ PDQDJHPHQW RI WKH ODNH HFRV\VWHP WR
HQVXUH WKH KLJK ZDWHU TXDOLW\ UHTXLUHPHQW IRU LWV PXOWL�IXQFWLRQDO XVHV� 7KLV SDSHU GHVFULEHV WKH
DVVHVVPHQW RI K\GUR�HFRORJLFDO G\QDPLF RI 3XWUDMD\D /DNH XVLQJ VWDWLVWLFDO DQG QXPHULFDO
VLPXODWLRQV� 6SDWLDO DQG WHPSRUDO YDULDWLRQ RI ZDWHU TXDOLW\ YDULHG ZLWK FKDQJLQJ PHWHRURORJLFDO
FRQGLWLRQ DQG K\GURORJLFDO F\FOH�7KH ILQGLQJV RI WKH VLPXODWLRQ SURYLGH D EHWWHU XQGHUVWDQGLQJ RI
WKH ODNH G\QDPLF DQG EHFRPH D WRRO WR PDQDJH WKH ODNH EDVLQ V\VWHP VXVWDLQDEO\ XQGHU FKDQJLQJ
HQYLURQPHQW�
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(QYLURQPHQW��/DNH�DQG�:HWODQGV�'LYLVLRQ��3XWUDMD\D�&RUSRUDWLRQ��33M���3XWUDMD\D��0DOD\VLD

(QYLURQPHQW��/DNH�DQG�:HWODQGV�'LYLVLRQ��3XWUDMD\D�&RUSRUDWLRQ��33M���3XWUDMD\D��0DOD\VLD

(QYLURQPHQW��/DNH�DQG�:HWODQGV�'LYLVLRQ��3XWUDMD\D�&RUSRUDWLRQ��33M���3XWUDMD\D��0DOD\VLD

)DFXOW\�RI�)RUHVWU\��8QLYHUVLWL�3XWUD�0DOD\VLD��830���6HUGDQJ��6HODQJRU��0DOD\VLD
�
.(<:25'6��/$.(��:(7/$1'6��(&26<67(0�6(59,&(6��(&2120,&�9$/8(6��$66(660(17

3XWUDMD\D /DNH DQG :HWODQG¶V FDWFKPHQW LV ORFDWHG SDUWO\ LQ 3XWUDMD\D )HGHUDO 7HUULWRU\ DQG SDUWO\
LQ WKH 6WDWH RI 6HODQJRU� ZLWKLQ WKH /DQJDW 5LYHU %DVLQ� 7KH ����KHFWDUH ODNH EXLOW LQ ����� LV DQ
XUEDQ ODNH� FUHDWHG ULJKW LQ WKH PLGGOH RI 3XWUDMD\D� ZKLFK LV WKH QHZO\ GHYHORSHG *RYHUQPHQW
$GPLQLVWUDWLYH &HQWHU RI 0DOD\VLD� ,Q WKH ODVW �� \HDUV� WKH ZHWODQGV DQG WKH ODNH KDYH HYROYHG LQWR
DQ LQWHUHVWLQJ XUEDQ HFRV\VWHP� 0RQLWRULQJ DQG VXUYHLOODQFH FRQGXFWHG LQ WKLV DUHD KDV VKRZQ YHU\
SRVLWLYH VLJQV RI KDELWDW GHYHORSPHQW DQG ELRGLYHUVLW\ HQKDQFHPHQW� (IIRUWV RI HQKDQFLQJ WKH
HFRV\VWHP GLYHUVLW\ DQG LWV IXQFWLRQV PXVW EH� LQ D ZD\� HQVXUHV WKH VXVWDLQDELOLW\ RI WKH UHVRXUFHV
VHUYLFHV WKDW ZH DUH H[SHFWLQJ� ,Q WKLV FDVH UHVHDUFK ZRUN PXVW DOVR EH IRFXV RQ KRZ WR PHDVXUH
DQG DVVHVV WKH HFRV\VWHP VHUYLFHV DYDLODEOH IURP WKLV HFRV\VWHP� +HQFH� ZH ZLOO EH DEOH WR
HQKDQFH DQG SURWHFW LWV H[LVWHQFH ZLWK WKH DYDLODELOLW\ RI IXQGV DQG UHDVRQV IRU GRLQJ VR� ,Q RWKHU
ZRUGV� WKH HFRV\VWHP VHUYLFHV ZLOO EH EHWWHU WDNHQ FDUH RII LI ZH NQRZ DQG DEOH WR DVVHVV LWV
HFRQRPLF YDOXHV� 7KLV SDSHU LV DQ HIIRUW RI VWDUWLQJ RII WKH HFRQRPLF DVVHVVPHQW RI WKH HQKDQFHG
XUEDQ HFRV\VWHP DV WKH UHVXOW RI WKH HFR�K\GURORJ\ PDQDJHPHQW H[HUFLVH� 0HWKRGV RI HFRQRPLF
YDOXDWLRQ DUH HPSOR\HG VXFK DV FRQWLQJHQW YDOXDWLRQ PHWKRG� WUDYHO FRVW PHWKRG DQG KHGRQLF
SULFLQJ PHWKRG WR YDOXH VHOHFWHG HFRV\VWHP VHUYLFHV LQ WKLV DUHD� 7KH EDVLV RI DVVHVVPHQW LV WR
GLVSOD\ KRZ UHFRJQL]LQJ� GHPRQVWUDWLQJ� DQG FDSWXULQJ WKH YDOXHV RI HFRV\VWHP VHUYLFHV UHODWHG WR
ODNH DQG ZHWODQGV PDQDJHPHQW FDQ OHDG WR D EHWWHU LQIRUPHG� PRUH HIILFLHQW� DQG IDLUHU GHFLVLRQ
PDNLQJ� $SSUHFLDWLQJ WKH YDOXHV RI ODNH DQG ZHWODQGV WR ERWK VRFLHW\ DQG WKH HFRQRP\ DV ZHOO DV
WR GHFLVLRQ PDNHUV FDQ KHOS LQIRUP DQG IDFLOLWDWH SROLWLFDO FRPPLWPHQW WR SROLF\ VROXWLRQV� ,W LV
HQYLVDJH WKDW PRUH DVVHVVPHQWV DV ZHOO DV PRUH ULJRURXVO\ VXUYH\V DQG UHVHDUFK HIIRUWV EH
XQGHUWDNHQ E\ UHVHDUFKHUV WR HQVXUH VXVWDLQDEOH ILQDQFLQJ PHFKDQLVPV LV LQ SODFH WR PDLQWDLQ DQG
HQVXUH�EXVLQHVV�FRQWLQXLW\�RI�WKH�LPSRUWDQW�ODNH�DQG�ZHWODQGV�HFRV\VWHP�LQ�WKH�FLW\�
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8QLYHUVLW\�RI�3HUXJLD��,WDO\

�
�
.(<:25'6��75$6,0(1(��%$/$1&(��5(6285&(6

6LQFH WKH DQFLHQW WLPHV ZH NQRZ WKDW SHRSOH XVHG WR H[SORLW /DNH 7UDVLPHQH IRU HFRQRPLF
SXUSRVHV� 7KLV LV SURYHG E\ WKH DUFKDHRORJLFDO HYLGHQFH� DQG LW LV ZLWQHVVHG E\ WKH 7DEXOD
&RUWRQHQVLV � RQH RI WKH ORQJHVW GRFXPHQWV ZULWWHQ LQ (WUXVFDQ� ZKLFK FRQFHUQV D WUDQVDFWLRQ
GHDOLQJ� DPRQJ RWKHUV� ZLWK FHUWDLQ ³ILHOGV RI WKH /DNH 7UDVLPHQH´� 0RUHRYHU� LW KDV EHHQ UHFHQWO\
K\SRWKHVL]HG WKDW WKH QDPH LWVHOI� ³7UDVLPHQH´� PLJKW UHIHU WR WKH IDFW WKDW WKH ODNH SHULRGLFDOO\
GUDLQV DQG WKHQ ILOOV EDFN DJDLQ ZLWK ZDWHU� 6LQFH WKH ���� 6WDWXWH RI 3HUXJLD� LW LV FOHDU WKDW WKH
VXSHUYLVRUV RI WKH ODNH ZHUH DZDUH RI LWV SHFXOLDU IHDWXUHV� EHFDXVH WKH\ GHOLPLWHG LW DFFRUGLQJ WR
WKH RIWHQ UHDFKHG PD[LPXP ZDWHU H[SDQVLRQ� LQ FRQWLQXLW\ ZLWK 5RPDQ /DZ� 7KDQNV WR D QXPEHU
RI UXOHV GHHSO\ FRQQHFWHG WR WKH KDELWV RI WKH FRXQWU\� WKH FLYLF JRYHUQPHQW� DQG DIWHU WKLV WKH
3DSDO JRYHUQPHQW� PDQDJHG WR EXLOG DQG PDQWDLQ D EDODQFHG UHODWLRQ EHWZHHQ ODNH HQYLURQPHQW�
ILHOGV DQG ZRRGV VRUURXQGLQJ WKH 7UDVLPHQH� ZLWK WKH FUHDWLRQ RI DQ LQWHJUDWHG V\VWHP�
([SORLWPHQW PHWKRGV DQG FRQVHUYDWLYH LQWHUYHQWLRQV ZHUH EDODQFHG WKURXJK WKH DJHV� DOORZLQJ WR
UHDFK WKH PD[LPXP DYDLODELOLW\ RI WKH UHVRXUFHV RI WKH ODNH �ILVK� ELUGV� SURGXFWLYH ILHOGV FORVH WR
WKH VKRUHV� YHJHWDWLRQ RI WKH ODNH�� %HWZHHQ �� WK DQG ��WK FHQWXU\ SHRSOH VWDUWHG WKLQNLQJ KRZ WR
H[SORLW QHZ ILHOGV DIWHU GUDLQLQJ WKH ODNH� DQG VWDUWHG FRQVLGHULQJ ODNH ZDWHU LWVHOI DV D VRXUFH IRU
LUULJDWLRQ� 7KH ODQGRZQHUV VORZO\ UHGXFHG WKHLU LQYHVWPHQWV RQ SHUPDQHQW ILVKLQJ VHWWOHPHQWV�
ZKLFK KDG ORQJ EHHQ WKH PRVW LPSRUWDQW HFRQRPLFDO UHVRXUFH LQ WKLV DUHD� 7KLV FKDQJH DIIHFWHG
PRVW RI WKH FKRLFHV� HYHQ WKH UHFHQW RQHV� FRQFHUQLQJ WKH ODNH� DQG FRQWULEXWHG WR PDNH LW PRUH
DQG�PRUH�GLIILFXOW�WR�PDQDJH�VXFK�D�IUDJLOH�HQYLURQPHQW�
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'HSDUWPHQW�RI�&KHPLVWU\��%LRORJ\�DQG�%LRWHFKQRORJLHV��8QLYHUVLW\�RI�3HUXJLD��,WDO\

'HSDUWPHQW�RI�&KHPLVWU\��%LRORJ\�DQG�%LRWHFKQRORJLHV��8QLYHUVLW\�RI�3HUXJLD��,WDO\

'HSDUWPHQW�RI�&KHPLVWU\��%LRORJ\�DQG�%LRWHFKQRORJLHV��8QLYHUVLW\�RI�3HUXJLD��,WDO\

'HSDUWPHQW�RI�&KHPLVWU\��%LRORJ\�DQG�%LRWHFKQRORJLHV��8QLYHUVLW\�RI�3HUXJLD��,WDO\

'HSDUWPHQW�RI�&KHPLVWU\��%LRORJ\�DQG�%LRWHFKQRORJLHV��8QLYHUVLW\�RI�3HUXJLD��,WDO\

'HSDUWPHQW�RI�&KHPLVWU\��%LRORJ\�DQG�%LRWHFKQRORJLHV��8QLYHUVLW\�RI�3HUXJLD��,WDO\

'HSDUWPHQW�RI�&KHPLVWU\��%LRORJ\�DQG�%LRWHFKQRORJLHV��8QLYHUVLW\�RI�3HUXJLD��,WDO\
�
.(<:25'6��$03+,%,$16��&/,0$7(�&+$1*(��7,0(�/$**('�&255(/$7,21

,Q ORQJ�OLYHG RUJDQLVPV WKH LPSDFWV RI HQYLURQPHQWDO FKDQJHV PD\ EHFRPH HYLGHQW DIWHU WLPH�
SRVVLEO\ LQ IXWXUH JHQHUDWLRQV� :H LQYHVWLJDWHG SRVVLEOH GHOD\HG HIIHFWV RI PHWHRURORJLFDO FKDQJHV
RQ PL[HG SRSXODWLRQV RI ZDWHU IURJV RI SHQLQVXODU ,WDO\ �%±+ V\VWHP� FRQVLVWLQJ RI WKH SDUHQWDO
VSHFLHV 3HORSK\OD[ EHUJHUL DQG WKH K\EULG 3HORSK\OD[ NO� KLVSDQLFXV� EUHHGLQJ LQ VPDOO ZDWHU
ERGLHV ORFDWHG LQ /DNH 7UDVLPHQR DQG 8SSHU 7LEHU 5LYHU EDVLQV� E\ XVLQJ D WLPH�ODJJHG FRUUHODWLRQ
DQDO\VLV� :H IRXQG WKDW WKH DYDLODELOLW\ RI ZDWHU DIIHFWV WKH ZDWHU IURJ G\QDPLFV ZLWK GHILQLWH WLPH
GHOD\V� FRUUHVSRQGLQJ WR VSHFLILF OLIH�KLVWRU\ SKDVHV� 2XU GDWD VXJJHVW WKDW WKH ZDWHU DYDLODELOLW\ LQ
ODWH VXPPHU�HDUO\ DXWXPQ DIIHFWV WKH VXUYLYDO RI WDGSROHV DQG ZDWHU IURJV PLJUDWLQJ IURP WKH
EUHHGLQJ VLWH� ZLWK QR GLIIHUHQWLDO HIIHFW RQ WKH SDUHQWDO VSHFLHV DQG WKH K\EULG� ZKHUHDV WKH ZDWHU
DYDLODELOLW\ GXULQJ DXWXPQ KDV D JUHDWHU LPSDFW RQ WKH IHFXQGLW\ DQG�RU UHSURGXFWLYH VXFFHVV RI WKH
SDUHQWDO VSHFLHV� 7ZR SRWHQWLDO� SRVVLEO\ FR�RFFXUULQJ� HIIHFWV RI PHWHRURORJLFDO FRQGLWLRQV FRXOG
H[SODLQ WKH REVHUYHG SRSXODWLRQ G\QDPLFV� ,� D FXPXODWLYH DQG V\PPHWULF HIIHFW RQ PRUWDOLW\� DQG
,,� D SRLQW DQG DV\PPHWULF HIIHFW RQ UHFUXLWPHQW� 7KH EHVW WLPH�ODJJHG UHJUHVVLRQ HTXDWLRQV
LQGLFDWH WKDW WKH ZDWHU IURJV DUH WKUHDWHQHG IRU YDOXHV RI WKH DQQXDO GH 0DUWRQQH DULGLW\ LQGH[ ORZHU
WKDQ �� PP �&��� $ VLJQLILFDQW GHFOLQH RI WKH VWXGLHG SRSXODWLRQV LV DOVR SUHGLFWHG LQ WKH FXUUHQW
VFHQDULR RI FOLPDWH FKDQJH� �5RVVL 5� ZDV VXSSRUWHG E\ ��������� (6) ³&RPSHWLWLYHQHVV DQG
(PSOR\PHQW REMHFWLYH´ 8PEULDQ 5HJLRQDO 2SHUDWLRQDO 3URJUDPPH �523�� $YYLVR SXEEOLFR DLXWL
LQGLYLGXDOL�SHU�OD�UHDOL]]D]LRQH�GL�SURJHWWL�GL�ULFHUFD�
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5HJLRQDO�$JHQF\�IRU�(QYLURQPHQWDO�3URWHFWLRQ�RI�8PEULD��$53$�8PEULD���,WDO\

5HJLRQDO�$JHQF\�IRU�(QYLURQPHQWDO�3URWHFWLRQ�RI�8PEULD���$53$�8PEULD���,WDO\
�
.(<:25'6��685)$&(�6(',0(17��0(7$/6��1875,(176

7UDVLPHQR ODNH� ORFDWHG LQ 8PEULD �,WDO\�� LV D VKDOORZ ODNH �DYHUDJH GHSWK RI ���P� DQG WKH ODUJHVW
ODNH RI SHQLQVXODU ,WDO\� ZLWK D VXUIDFH DUHD RI ��� .P�� 7KH VWXG\ RI VXUIDFH VHGLPHQWV ZDV
FDUULHG RXW LQ WKH IUDPHZRUN RI WKH ³2VVHUYDWRULR 7UDVLPHQR´ SURMHFW� ZLWK WKH DLP RI SURYLGLQJ D
WHFKQLFDO VXSSRUW WR WKH JRYHUQPHQW LQVWLWXWLRQV RQ WKH PDQDJHPHQW RI HQYLURQPHQWDO LVVXHV LQ WKH
ODNH EDVLQ� 'XULQJ WKH 6HSWHPEHU ���� VXUIDFH VHGLPHQW VDPSOHV ZHUH FROOHFWHG DW �� ORFDWLRQV�
E\ XVLQJ D 9DQ 9HHQ JUDE VDPSOHU� 7KH VDPSOHV ZHUH DQDO\]HG IRU WKH IROORZLQJ SDUDPHWHUV� GU\
ZHLJKW �����&�� 3&%� 72&� &WRW� 1WRW� 3WRW� ,3$� PHWDOV DQG SHVWLFLGHV� 0XOWLYDULDWH VWDWLVWLFDO
DQDO\VLV GLYLGHV ODNH LQWR IRXU VHFWRUV EDVHG SULPDULO\ RQ PHWDOV DQG QXWULHQWV� :H SUHVHQW WKH
VSDWLDO GLVWULEXWLRQ RI VRPH PHWDOV DQG QXWULHQWV FRQFHQWUDWLRQ LQ VKDOORZ VHGLPHQWV� 0DSSLQJ RI
WKHVH SDUDPHWHUV ZDV SHUIRUPHG E\ XVLQJ VHTXHQWLDO *DXVVLDQ VLPXODWLRQV �V*V� DOJRULWKP
�'HXWVFK DQG -RXUQHO� ������ 7KH HYDOXDWLRQ RI WKH VXUIDFH VHGLPHQW TXDOLW\ ZDV FDUULHG RXW E\
FRPSDULVRQ RI GDWD FRQFHQWUDWLRQ ZLWK QDWLRQDO DQG LQWHUQDWLRQDO VWDQGDUG TXDOLW\� ,Q SDUWLFXODU� WKH
FRPSDULVRQ ZLWK /&5 �/LYHOOL &KLPLFL GL 5LIHULPHQWR�$3$7� ����� DQG 64* �6HGLPHQW 4XDOLW\
*XLGHOLQHV�� SURSRVHG E\ 0F'RQDOGV ������� VKRZV FULWLFDO OHYHO FRQFHQWUDWLRQ IRU 1L� &U DQG� WR D
OHVVHU H[WHQW� IRU $V� 0RUHRYHU� WKH FRPSDULVRQ ZLWK &6& �'�/JV�������� VKRZV WKDW RQO\ 6H
SUHVHQWV D FRQVLGHUDEOH SURSRUWLRQ RI GDWD ZLWK FRQFHQWUDWLRQ DERYH WKH OLPLW� )LQDOO\� WKH HOHYDWHG
&WRW DQG 72& FRQFHQWUDWLRQ DUH GXH WR WKH SDUWLFXODU HFRORJLFDO DQG WURSKLF VWDWXV RI WKH ODNH�
FKDUDFWHULVHG�E\�HOHYDWHG�ELRORJLFDO�DFWLYLW\�
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06�����6�6SHFLDO�6HVVLRQ���/DNH�7UDVLPHQR

'LSDUWLPHQWR�GL�&KLPLFD��%LRORJLD�H�%LRWHFQRORJLH��8QLYHUVLWj�GHJOL�6WXGL�GL�3HUXJLD��,WDO\

'LSDUWLPHQWR�GL�&KLPLFD��%LRORJLD�H�%LRWHFQRORJLH��8QLYHUVLWj�GHJOL�6WXGL�GL�3HUXJLD��,WDO\

'LSDUWLPHQWR�GL�&KLPLFD��%LRORJLD�H�%LRWHFQRORJLH��8QLYHUVLWj�GHJOL�6WXGL�GL�3HUXJLD��,WDO\

'LSDUWLPHQWR�GL�&KLPLFD��%LRORJLD�H�%LRWHFQRORJLH��8QLYHUVLWj�GHJOL�6WXGL�GL�3HUXJLD��,WDO\

3URYLQFLD�GL�3HUXJLD��6HUYL]LR�'LIHVD�H�*HVWLRQH�,GUDXOLFD��,WDO\

86/�8PEULD���,WDO\�

6WXGLR�1DWXUDOLVWLFR�+\OD�VQF��7XRUR�VXO�7UDVLPHQR��,WDO\

6WXGLR�1DWXUDOLVWLFR�+\OD�VQF��7XRUR�VXO�7UDVLPHQR��,WDO\

'LSDUWLPHQWR�GL�&KLPLFD��%LRORJLD�H�%LRWHFQRORJLH��8QLYHUVLWj�GHJOL�6WXGL�GL�3HUXJLD��,WDO\
�
.(<:25'6��18,6$1&(�0,'*(6��&+,52120,'6��,17(*5$7('�&21752/�

,Q UHFHQW \HDUV� /DNH 7UDVLPHQR KDV EHHQ DIIHFWHG E\ PDVVLYH FKLURQRPLG VZDUPV� SDUWLFXODUO\ LQ
����� :DWHUIURQW UHVLGHQW DQG WRXULVWLF DFWLYLWLHV PDUNHGO\ VXIIHUHG IURP WKLV DQQR\DQFH� 7KHUHIRUH�
VLQFH ����� /RFDO $GPLQLVWUDWLRQV KDYH SURPRWHG GLYHUVLILHG DFWLRQV LQ RUGHU WR ZLWKVWDQG WKH
H[SORVLRQ RI WKHVH LQVHFWV ZLWK DQ DWWHPSW QRW WR GDPDJH WKH HFRV\VWHP� �� /DUYDO FRQWURO�
WUHDWPHQW ZLWK %DFLOOXV WKXULQJLHQVLV YDU� LVUDHOHQVLV� WKLV FKRLFH LV MXVWLILHG E\ WKH ORZ WR[LFRORJLFDO
LPSDFW FRPSDUHG WR FRPPRQO\ XVHG LQVHFWLFLGHV� 7KH EDFWHULDO DFWLYLW\ WDNHV SODFH ����� KRXUV
DIWHU WUHDWPHQW DQG ODVWV IRU VRPH GD\V� �� $GXOW FRQWURO� L� XVH RI LQVHFWLFLGH DW ORZ WR[LFLW\
�S\UHWKURLGV�� OLPLWHG WR WKH DUHD ORFDWHG DW OHDVW �� P IURP WKH ODNH DQG RQO\ GXULQJ SHULRGV RI
PDVVLYH VZDUPLQJ� LL� LQVWDOODWLRQ RI ��� EDW ER[HV� XQLIRUPO\ GLVWULEXWHG� KDV EHHQ VXFFHVVIXO DQG
UDLVHG DZDUHQHVV WRZDUGV WKH SURWHFWLRQ RI WKH EDWV� WKXV HPSKDVL]LQJ WKHLU HFRORJLFDO UROH� LLL�
GLYHUVLRQ IURP LQKDELWHG DUHDV E\ PHDQV RI RXWGRRU OLJKWLQJ� FDOOHG ³WRIR�ODPSV´ �QR� ����� VHW XS
DORQJ WKH OLWWRUDO ]RQH� 7KLV WHFKQLTXH H[SORLWV WKH VHQVLWLYHQHVV RI QXPHURXV LQVHFWV WR
SKRWRUHFHSWLRQ� ,Q UHVSHFW WR WKH QHJDWLYH HQYLURQPHQWDO LPSDFW RZLQJ WR WKH VSUHDGLQJ RI
LQVHFWLFLGHV� WRIR�ODPSV DQG EDW ER[HV KDYH OHVV LPSDFW RQ WKH HQYLURQPHQW� 7KH XVH RI WKH
LQWHJUDWHG FRQWURO DW /DNH 7UDVLPHQR UHSUHVHQWV D UHPDUNDEO\ LQQRYDWLYH PHWKRG IRU OLPLWLQJ WKH
ODUJHVW VZDUPV RI WKH FKLURQRPLGV LQ DQWKURSLF DUHDV� 7KLV DSSURDFK VKRXOG EH WDNHQ LQ GXH
FRQVLGHUDWLRQ�LQ�PDQDJHPHQW�SURJUDPV�DLPHG�WR�SURWHFW�WKH�LQWHJULW\�RI�ODFXVWULQH�HFRV\VWHPV��
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06�����6�6SHFLDO�6HVVLRQ���/DNH�7UDVLPHQR

'LSDUWLPHQWR�GL�&KLPLFD��%LRORJLD�H�%LRWHFQRORJLH��8QLYHUVLWj�GHJOL�6WXGL�GL�3HUXJLD��,WDO\
�
.(<:25'6��:$7(5�48$/,7<��&/,0$7(�&+$1*(��:$7(5�5(6285&(�0$1$*(0(17

/DNH 7UDVLPHQR LV WKH ODUJHVW ODNH RI WKH ,WDOLDQ 3HQLQVXOD� 7KH VWULFW GHSHQGHQFH RI LWV ZDWHU
EDODQFH RQ PHWHRURORJLFDO FRQGLWLRQV KDV FDXVHG GUDPDWLF IORRGV DQG GURXJKWV RYHU WKH FHQWXULHV�
DQG KXPDQ LQWHUYHQWLRQV KDYH EHHQ PDGH LQ RUGHU WR UHJXODWH WKH ODNH OHYHO VLQFH (WUXVFDQ RU
5RPDQ WLPHV� 7KH RXWOHW UHVWUXFWXULQJ DQG SURJUHVVLYH ORZHULQJ RI WKH DUWLILFLDO RXWOHW WKUHVKROG
SHUIRUPHG GXULQJ WKH ��WK FHQWXU\ SURGXFHG D UDSLG VKLIW WRZDUG D VKDOORZ�ODNH FRQGLWLRQ� ZLWK
VLJQLILFDQW FKDQJHV RQ ODNH IXQFWLRQLQJ DQG HFRV\VWHP VWUXFWXUH� 7KH SUREOHPV UHODWHG WR ZDWHU
OHYHO FKDQJHV VWLOO UHPDLQV XQVROYHG� DQG WKH FXUUHQW VFHQDULR RI FOLPDWH FKDQJH UDLVHV QHZ LVVXHV
IRU ODNH FRQVHUYDWLRQ� 7KH DQDO\VLV RI ILIW\�\HDUV GDWD VHULHV RI WKH PDLQ PHWHRURORJLFDO DQG ZDWHU
TXDOLW\ YDULDEOHV KDV VKRZQ WKDW WKH UHFHQW PHWHR�FOLPDWH FKDQJHV KDYH GHWHUPLQHG D FRQWLQXRXV
IOXFWXDWLRQ LQ WKH ZDWHU OHYHO DQG D SURJUHVVLYH GRPLQDQFH RI HYDSRUDWLYH FRQGLWLRQV� ZLWK VWURQJ
HIIHFWV RQ ZDWHU TXDOLW\ YDULDEOHV �SDUWLFXODUO\ ZDWHU WUDQVSDUHQF\� VDOLQLW\ DQG DONDOLQLW\��
3UHGLFWLRQV REWDLQHG E\ D K\GURORJLFDO PRGHO WKDW LQFRUSRUDWHV FOLPDWH IRUFLQJ DQG FXUUHQW ZDWHU
UHJXODWLRQ SROLFLHV LQGLFDWH WKDW FULWLFDO SURVSHFWV HPHUJH LI WKH LQWHUPHGLDWH RU WKH PD[LPXP UDWHV
RI FKDQJH HVWLPDWHG E\ JOREDO FOLPDWH PRGHOV DUH DVVXPHG� 8QGHU WKHVH FLUFXPVWDQFHV� FXUUHQWO\
IHDVLEOH PLWLJDWLRQ PHDVXUHV VHHP HIIHFWLYH LQ SUHYHQWLQJ VHYHUH ZDWHU VKRUWDJH LQ WKH QH[W
GHFDGHV��EXW�LQHIIHFWLYH�LQ�SUHYHQWLQJ�WKH�GUDLQDJH�RI�WKH�ODNH�LQ�WKH�VHFRQG�KDOI�RI�WKH�FHQWXU\�
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06�����6�6SHFLDO�6HVVLRQ���/DNH�7UDVLPHQR

7KH�+HPS�0XVHXP��3HUXJLD��,WDO\

9R[WHFD���8QLYHUVLW\�IRU�)RUHLJQHUV�RI�3HUXJLD��,WDO\
�
.(<:25'6��(712*5$3+,&��(7+12/,1*8,67,48(��7(;7,/(�7(&+1,48(6��),6+(50$1���+(03��7(&+1,&$/�/$1*8$*(

+HPS ZDV ZLGHO\ FXOWLYDWHG LQ 7UDVLPHQR /DNH DUHD XQWLO ����V� +HPS ZDV FXOWLYDWHG IRU WH[WLOH
SXUSRVH� IRU WKH FUHDWLRQ RI URSHV� FORWKHV� WUXVVHDX[� ,Q 7UDVLPHQR /DNH DUHD KHPS DERYH DOO ZDV
XVHG LQ RUGHU WR FUHDWH ILVKQHWV� $FFRUGLQJ WR WKH UHVHDUFKHV FRQGXFWHG E\ ,WDOLDQ /DNHV /LQJXLVWLF
$WODV
 H[SHUWV LQ FRRSHUDWLRQ ZLWK WKH +HPS 0XVHXP RI 6DQW
$QDWROLD GL 1DUFR� LQ VRPH ODFXVWULQH
YLOODJHV� DV IRU H[DPSOH 6DQ )HOLFLDQR DQG 3DVVLJQDQR VXO 7UDVLPHQR� KHPS� RQFH FDUGHG DQG
VSLQQHG E\ WKH ZRPHQ� ZLIHV DQG GDXJKWHUV RI WKH VDPH ILVKHUPHQ� ZDV ZHDYHQ DQG WUDQVIRUPHG
LQWR ILVKQHWV� 5HFHQWO\� VRPH HLJKW\�\HDUV�ROG ILVKQHW PHQGHUV KDYH KDQGHG GRZQ WKHLU NQRZOHGJH
DQG VNLOOV WR 6DQ )HOLFLDQR ZRPHQ ZKR KDYH UHLQWURGXFHG WKHVH WHFKQLTXHV DV WKH EDVLV RI WKHLU
HPEURLGHULHV E\ RSHQLQJ WKH )LOHW 0RGDQR /DFH 6FKRRO LQ 6DQ )HOLFLDQR� 7KH VFKRRO� ZKHUH RQH RI
WKH ILVKQHW PHQGHUV WHDFKHV� UHSUHVHQWV WKH SORW RI ORFDO ZRPHQ
V KLVWRULFDO PHPRULHV� NQRZOHGJH
DQG�VNLOOV�
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06�����6�6SHFLDO�6HVVLRQ���/DNH�7UDVLPHQR

'LSDUWLPHQWR�GL�&KLPLFD��%LRORJLD�H�%LRWHFQRORJLH��8QLYHUVLWj�GHJOL�6WXGL�GL�3HUXJLD��,WDO\

'LSDUWLPHQWR�GL�&KLPLFD��%LRORJLD�H�%LRWHFQRORJLH��8QLYHUVLWj�GHJOL�6WXGL�GL�3HUXJLD��,WDO\

'LSDUWLPHQWR�GL�&KLPLFD��%LRORJLD�H�%LRWHFQRORJLH��8QLYHUVLWj�GHJOL�6WXGL�GL�3HUXJLD��,WDO\

'LSDUWLPHQWR�GL�&KLPLFD��%LRORJLD�H�%LRWHFQRORJLH��8QLYHUVLWj�GHJOL�6WXGL�GL�3HUXJLD��,WDO\

'LSDUWLPHQWR�GL�&KLPLFD��%LRORJLD�H�%LRWHFQRORJLH��8QLYHUVLWj�GHJOL�6WXGL�GL�3HUXJLD��,WDO\

,VWLWXWR�GL�6FLHQ]H�0DULQH��8�2�6��GL�%RORJQD��&15��,WDO\
�
.(<:25'6��%,2',9(56,7<�&216(59$7,21��6321*(6��:$7(5�5(6285&(�0$1$*(0(17

7KH SURJUHVVLYH ORZHULQJ RI ZDWHU OHYHO� PRVWO\ GXH WR KXPDQ LQWHUYHQWLRQV� H[SHULHQFHG E\ /DNH
7UDVLPHQR GXULQJ WKH ��WK FHQWXU\ KDV DUJXDEO\ FDXVHG VLJQLILFDQW HIIHFWV RQ WKH ELRFRHQRWLF
FRPSRVLWLRQ RI WKH ODNH� SDUWLFXODUO\ LQ WKH OLWWRUDO DUHDV� 7KLV UHVHDUFK VKRZV WKH UHVXOWV RI DQ
DQDO\VLV RI VLOLFHRXV VSRQJH UHPDLQV �VSLFXOHV� DFFXPXODWHG LQ WKH ODNH VHGLPHQWV RYHU WKH ODVW
��� \HDUV� $ PRUSKRORJLFDO DQDO\VLV UHYHDOHG WKDW VHGLPHQWDU\ VSRQJH UHPDLQV DUH DWWULEXWDEOH WR
(SK\GDWLD IOXYLDWLOLV� WKH RQO\ VSRQJH VSHFLHV IRXQG LQ WKH ODNH LQ UHFHQW \HDUV� $ VWUDWLJUDSKLF
DQDO\VLV VKRZHG WKDW WKH DEXQGDQFH DQG VL]H RI WKH VSRQJH VSLFXOHV KDYH UHPDUNDEO\ GHFUHDVHG�
VXJJHVWLQJ WKDW D VLJQLILFDQW GHSOHWLRQ RI WKH VSRQJH IDXQD RFFXUUHG� SDUWLFXODUO\ GXULQJ WKH ILUVW KDOI
RI WKH WZHQWLHWK FHQWXU\� $ FRUUHODWLRQ DQDO\VLV KDV LGHQWLILHG PRUSKR�K\GURORJLFDO YDULDEOHV UHODWHG
WR ODNH GHSWK DV WKH PRVW VLJQLILFDQW IDFWRUV H[SODLQLQJ WKH FKDQJH LQ GHQVLW\ DQG VL]H RI VSRQJH
VSLFXOHV� 5HVSRQVH FXUYHV REWDLQHG E\ UHJUHVVLRQ SUHGLFW WKDW WKH SRSXODWLRQ LV H[SHFWHG WR
VXUYLYH PDUJLQDOO\ EHORZ � P RI PHDQ ODNH GHSWK� 7ZR HFRORJLFDO H[SODQDWLRQV RI WKH VSRQJH
GHFOLQH DUH SURSRVHG� EDVHG RQ WKH VHQVLWLYLW\ RI WKH VSRQJH ERWK WR WKH DYDLODELOLW\ RI VXLWDEOH KDUG
VXEVWUDWD IRU FRORQL]DWLRQ� DQG WR WKH DPRXQW RI ZLQG�UHVXVSHQGHG VROLGV� 7KH UHVXOWV VXJJHVW WKDW
WKH VSRQJH SRSXODWLRQ RI /DNH 7UDVLPHQR LV LQFUHDVLQJO\ HQGDQJHUHG LQ WKH FXUUHQW FRQGLWLRQ DQG
SHUVSHFWLYH RI ZDWHU OHYHO FKDQJH� $OVR� WKH UHVXOWV VXSSRUW WKH XVH RI VSRQJH VSLFXOHV DV D
SDOHRK\GURORJLFDO DQG SDOHRHFRORJLFDO SUR[\� DSSOLFDWLRQ RI ZKLFK DSSHDUV SDUWLFXODUO\ SURPLVLQJ
IRU�VKDOORZ�ZDWHU�V\VWHPV�
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06�����6�6SHFLDO�6HVVLRQ���/DNH�7UDVLPHQR

'HSDUWPHQW�RI�%LRORJLFDO�DQG�(QYLURQPHQWDO�6FLHQFHV�DQG�7HFKQRORJLHV��8QLYHUVLW\�RI�6DOHQWR��&HQWUR
(FRWHNQH��,WDO\

'HSDUWPHQW�RI�&HOOXODU�DQG�(QYLURQPHQWDO�%LRORJ\��8QLYHUVLW\�RI�3HUXJLD��,WDO\

'HSDUWPHQW�RI�&HOOXODU�DQG�(QYLURQPHQWDO�%LRORJ\��8QLYHUVLW\�RI�3HUXJLD��,WDO\
�
.(<:25'6��(&2/2*,&$/�1(7:25.6��,19$6,9(�63(&,(6��)22'�:(%�6758&785(

)RRG ZHE WKHRU\ LV WR GDWH DFNQRZOHGJHG DV D FRPSUHKHQVLYH FRQFHSWXDO IUDPHZRUN IRU PRGHUQ
HFRORJ\� ,Q WKH ODVW GHFDGH� D VXEVWDQWLDO VKLIW KDV RFFXUUHG LQ WKH DLPV RI LQYHVWLJDWLRQV IRFXVHG
RQ IRRG ZHEV DQG� LQ JHQHUDO� HFRORJLFDO QHWZRUNV� ,VVXHV DQG VSHFLILF DVSHFWV FRQYHQWLRQDOO\
UHOHJDWHG WR DGYDQFHG WKHRUHWLFDO GLVFXVVLRQV� KDYH UHFHLYHG LQFUHDVLQJ DWWHQWLRQ ZLWKLQ D VWULFWO\
SUDFWLFDO FRQWH[WIRU FRQVHUYDWLRQ DQG PDQDJHPHQW DSSOLFDWLRQV� +HUH� D SUHYLRXVO\ XQDWWHPSWHG
DWWHPSW KDV EHHQ PDGH WR DQDO\]H D FRQVLGHUDEOH ERG\ RI SUHYLRXVO\ SXEOLVKHG LQIRUPDWLRQ
DYDLODEOH RQ WKH 7UDVLPHQR ODNH IRRG ZHE� $ SUHOLPLQDU\� \HW H[FHSWLRQDOO\ GHWDLOHG FRQQHFWDQFH
ZHE ZDV SURGXFHG� FRQWDLQLQJ ��� VSHFLHV DQG ��� OLQNV� 7KH WRSRORJLFDO QHWZRUN LQFOXGHG ��
VSHFLHV RI ILVK� �� SDUDVLWHV� �� PDFUREHQWKLF WD[D� �� ]RRSODQNWRQLF VSHFLHV� ,QFRPSOHWH
LQIRUPDWLRQ RQ WURSKLF OLQNDJHV EHWZHHQ FRQVXPHUV DQG PDFURSK\WHV DQG SK\WRSODQNWRQ LPSRVHG
WKH LQFOXVLRQ LQ WKH QHWZRUN RI WKHVH WZR WD[RQRPLF JURXSV� QRWZLWKVWDQGLQJ WKHLU GLYHUVLW\� DV
VLQJOH QRGHV� 7KH 7UDVLPHQR QHWZRUN LV D ILUVW H[DPSOH IRU ,WDO\� DQG RQH RI WKH IHZ DYDLODEOH IRU
ODFXVWULQH HQYLURQPHQWV LQ (XURSH� 7KH DYDLODELOLW\ RI LQIRUPDWLRQ RQ WKH LQWURGXFWLRQ RI DOLHQ
VSHFLHV LQ WKH 7UDVLPHQR ODNH� ERWK YHUWHEUDWHV �H�J�� ILVK� $PHLXUXV PHODV� 0LFURSWHUXV
VDOPRLGHV� DQG LQYHUWHEUDWHV �H�J�� WKH FUD\ILVK 3URFDPEDUXV FODUNLL�� DOORZHG D VFUXWLQ\ RI WKH
VWUXFWXUDO FKDQJHV SURJUHVVLYHO\ GHWHUPLQHG E\ HDFK LQYDVLYH VSHFLHV RQ WKH ODNH IRRG ZHE�
DFFRUGLQJO\� D QXPEHU RI HIIHFWV RQ WKH HFRV\VWHP IXQFWLRQV DQG SURFHVVHV �H�J�� FKDQJHV LQ
SULPDU\ SURGXFHUV ELRPDVV� KDYH EHHQ LGHQWLILHG� DQG DUH GLVFXVVHG LQ GHWDLO LQ UHODWLRQ WR WKH
DYDLODEOH�GDWD�
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06�����6�6SHFLDO�6HVVLRQ���/DNH�7UDVLPHQR

8QLYHUVLWj�GL�3HUXJLD��'LSDUWLPHQWR�GL�&KLPLFD��%LRORJLD�H�%LRWHFQRORJLH��,WDO\

8QLYHUVLWj�GL�3HUXJLD��'LSDUWLPHQWR�GL�&KLPLFD��%LRORJLD�H�%LRWHFQRORJLH��,WDO\
�
.(<:25'6��352&$0%$586�&/$5.,,����,19$6,9(�63(&,(6��/$.(�75$6,0(12

,Q /DNH7UDVLPHQR WKH 1RQ ,QGLJHQRXV &UD\ILVK 6SHFLHV �1,&6� 3URFDPEDUXV FODUNLL ZDV UHFRUGHG
IRU WKH ILUVW WLPH LQ ����� 7KLV LQYDVLYH VSHFLHV DFFOLPDWHG ZHOO LQ WKLV VKDOORZ ODNH DV VKRZQ E\
YDOXHV RI ERWK FRQGLWLRQ LQGH[HV 7Z�% DQG +,Z� DQG E\ WKH WKHRUHWLFDO PD[LPXP OHQJWK RI
FHSKDORWKRUD[ UHDFKDEOH IRU IHPDOHV ������ PP� DQG PDOHV ������ PP��%RWK VH[HV KDYH DQ
HOHYDWHG JURZWK UDWH �N !����� 1RWDEOH LV� EHLQJ 3� FODUNLL D ZDUP ZDWHU VSHFLHV �/RXLVLDQD� 86$�� LW
LV FDSDEOH WR PROW DW HYHU\ WHPSHUDWXUH DQG RIWHQ DW YHU\ ORZ RQHV� EHWZHHQ ��& DQG ���&�
0RUHRYHU� KDWFKLQJ SOHRSRGDO HJJV DQG JURZWK RI MXYHQLOHV WDNHV SODFH DW WHPSHUDWXUHV EHWZHHQ
��& DQG ���&� WKXV LQGLFDWLQJ WKDW 3� FODUNLL FRXOG SRWHQWLDOO\ UHSURGXFH HYHQ LQ PRXQWDLQRXV
IUHVKZDWHU FRXUVHV� 7KH ODFN RI FKDOOHQJHUV� WKH KLJK IHUWLOLW\� WKH SODVWLFLW\ RI WKH UHSURGXFWLYH F\FOH
DQG WKH DELOLW\ WR ZLWKVWDQG HQYLURQPHQWDO H[WUHPHV DUH WKH EHVW FRQGLWLRQV IRU WKH ZLGHVSUHDG RI
WKLV VSHFLHV� 3� FODUNLL ZDV WKH ILUVW QRQ LQGLJHQRXV IUHVKZDWHU FUD\ILVK UHFRUGHG IRU WKH 8PEULDQ
UHJLRQ �/DNH7UDVLPHQR� DW WKH EHJLQQLQJ RI WKLV FHQWXU\� DQG VLQFH WKHQ WKLV VSHFLHV ZDV LOOHJDOO\
LQWURGXFHG DQG DFFOLPDWHG ZHOO LQ VHYHUDO ZDWHU FRXUVHV DQG ODNHV LQ &HQWUDO ,WDO\� 0RUHRYHU� 3�
FODUNLL LV DEOH WR ZDON XS WR � NP SHU GD\ RQ GU\ ODQG� DQG WKHUHIRUH� D IXUWKHU H[SDQVLRQ FDQQRW EH
H[FOXGHG��

35(6(17$7,21�7<3(��25$/

���

��WK�:RUOG�/DNH�&RQIHUHQFH�������6HSWHPEHU�������3HUXJLD��,WDO\



06�����6�6SHFLDO�6HVVLRQ���/DNH�7UDVLPHQR

8QLYHUVLW\�RI�3HUXJLD��,WDO\
�
.(<:25'6��,7$/,$1�)$6&,60��(19,5210(17$/�0$1$*(0(17��6<0%2/,&�&21127$7,216�

,Q WKH FRXUVH RI WKH WUDXPDWLF WUDQVLWLRQ IURP WKH /LEHUDO 6WDWH WR WKH )DVFLVW 6WDWH� WKH SROLWLFDO�
HFRQRPLF DQG FXOWXUDO OLIH RI WKH 7UDVLPHQR DUHD XQGHUZHQW SURIRXQG FKDQJHV� DIIHFWLQJ WKH
GLVWLQFWLYH UHODWLRQVKLSV WKDW WKH SHRSOH RI WKH UHJLRQ KDG ZLWK WKH ³/DNH RI 3HUXJLD´� )URP WKH ODWH
;,; FHQWXU\ WR WKH ILUVW KDOI RI WKH ;; FHQWXU\� WKH 7UDVLPHQR DUHD ZLWQHVVHG GLIIHUHQW SROLWLFDO�
HFRQRPLF DQG FXOWXUDO SUDFWLFHV� VKRZLQJ YDULRXV SUHOLPLQDU\ PRGHOV IRU HQYLURQPHQWDO
PDQDJHPHQW� 'LIIHUHQW VRFLDO DFWRUV DQG GLIIHUHQW DXWKRULWLHV SOD\HG D OHDGLQJ UROH LQ VKDSLQJ WKH
LQWHUDFWLRQ RI KXPDQ VRFLHW\ DQG WKH HQYLURQPHQW� 7KH KLVWRULFDO SHULRG XQGHU H[DPLQDWLRQ
KLJKOLJKWV FRQIOLFWV DQG FRQWUDGLFWLRQV� EXW DOVR FRQWLQXLW\ LQ WKH PDQDJHPHQW RI WKH 7UDVLPHQR
UHJLRQ� ,Q WKLV FRQWH[W� WKLV SDSHU DLPV DW SURYLGLQJ DQ DQDO\VLV RI WKH IROORZLQJ LVVXHV� D� WKH
FRPSHWLQJ HFRQRPLF� SROLWLFDO DQG FXOWXUDO LQWHUHVWV FKDUDFWHUL]LQJ WKH FRQVHUYDWLRQ DQG
PDLQWHQDQFH RI WKH QDWXUDO UHVRXUFHV RI WKH 8PEULDQ ODNH� E� WKH V\PEROLF DQG LGHRORJLFDO
FRQQRWDWLRQV RI WKH 7UDVLPHQR DUHD� F� WKH LGHD RI SURWHFWLQJ WKH HQYLURQPHQW ZKLFK WKH IDVFLVW
UHJLPH VXSSRUWHG� /RFDO DQG QDWLRQDO SROLWLFV DUH H[DPLQHG WR LOOXVWUDWH� D� WKH LQWHUDFWLRQ EHWZHHQ
EURDG SXEOLF LQWHUHVWV DQG HOLWH LQWHUHVWV� E� WKH UHODWLRQVKLS EHWZHHQ HQYLURQPHQWDO PDQDJHPHQW
DQG FRQVHUYDWLVP� F� WKH LQIOXHQFH RI VFLHQFH DQG FXOWXUH LQ WKH SHUFHSWLRQ RI QDWXUH� 7KLV NLQG RI
DQDO\VLV FRXOG EH WKH VWDUWLQJ SRLQW IRU D FULWLFDO UHWKLQNLQJ RI VXVWDLQDEOH KXPDQ�HQYLURQPHQW
LQWHUDFWLRQV�DQG�D�UHIRUP�RI�HQYLURQPHQWDO�VHQVLELOLW\�DERXW�WKH�DUHD�
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'LSDUWLPHQWR�GL�&KLPLFD��%LRORJLD�H�%LRWHFQRORJLH��8QLYHUVLWj�GL�3HUXJLD��,WDO\

'LSDUWLPHQWR�GL�&KLPLFD��%LRORJLD�H�%LRWHFQRORJLH��8QLYHUVLWj�GL�3HUXJLD��,WDO\

'LSDUWLPHQWR�GL�&KLPLFD��%LRORJLD�H�%LRWHFQRORJLH��8QLYHUVLWj�GL�3HUXJLD��,WDO\

'LSDUWLPHQWR�GL�&KLPLFD��%LRORJLD�H�%LRWHFQRORJLH��8QLYHUVLWj�GL�3HUXJLD��,WDO\
�
.(<:25'6��/7(5�,7$/<�1(7:25.����3+<723/$1.721���/$.(�75$6,0(12

/RQJ�WHUP HFRORJLFDO UHVHDUFK �/7(5� SOD\V D FUXFLDO UROH LQ WUDFLQJ DQG SUHGLFWLQJ HFRV\VWHP
WUHQGV LQ UHVSRQVH WR HQYLURQPHQWDO FKDQJHV DQG DQWKURSRJHQLF GLVWXUEDQFHV� :LWKLQ WKH /7(5�
,WDO\ QHWZRUN� ZKLFK LV SDUW RI WKH ,QWHUQDWLRQDO /7(5 QHWZRUN� DQ LQFUHDVLQJ VFLHQWLILF HIIRUW LV
FRQFHQWUDWHG RQ IUHVKZDWHU HQYLURQPHQW� /DNH 7UDVLPHQR KDV EHHQ D VXEMHFW RI QDWXUDOLVWLF DQG
HFRORJLFDO LQYHVWLJDWLRQV VLQFH WKH EHJLQQLQJ RI WKH ODVW FHQWXU\� 6\VWHPDWLF VWXGLHV KDYH EHHQ
FRQGXFWHG HVSHFLDOO\ VLQFH WKH IRXQGDWLRQ RI WKH ,QVWLWXWH RI +\GURELRORJ\ DQG $TXDFXOWXUH *�%�
*UDVVL LQ ����� ,Q WKLV FRQWULEXWLRQ� ZH SUHVHQW WKH UHVXOWV RI DQ DQDO\VLV RI PRQWKO\ GDWD VHULHV RI
SK\WRSODQNWRQ FROOHFWHG LQ VHYHUDO \HDUV LQ WKH SHULRG ���������� 7KH HYDOXDWLRQ RI WKH PDJQLWXGH
RI YDULDWLRQ DPRQJ GLIIHUHQW \HDUV ZDV SHUIRUPHG E\ XVLQJ D PXOWLYDULDWH LQGH[ RI VLPLODULW\� LQ RUGHU
WR LGHQWLI\ WKH PDLQ FKDQJHV LQ SK\WRSODQNWRQ VWUXFWXUH DQG GLYHUVLW\� )LUVW� PRQWKO\ GDWD VHULHV
FROOHFWHG LQ VXEVHTXHQW \HDUV ZHUH FRPSDUHG LQ RUGHU WR HVWLPDWH WKH VKRUW WHUP YDULDELOLW\ RI
SK\WRSODQNWRQ LQ /DNH 7UDVLPHQR� 6HFRQG� WKH VLPLODULW\ DPRQJ GLIIHUHQW SHULRGV ZDV HYDOXDWHG LQ
RUGHU WR LGHQWLI\ VLJQLILFDQW ORQJ WHUP WUHQGV RU IOXFWXDWLRQV� 2YHUDOO� WKH UHVXOWV UHYHDO D UHODWLYHO\
ORZ VKRUW�WHUP YDULDELOLW\ LQ SK\WRSODQNWRQ DVVHPEODJHV� %\ FRQWUDVW� ORQJ WHUP FKDQJHV DUH
VLJQLILFDQW� SDUWLFXODUO\ ZKHQ FRPSDULQJ VDPSOHV FROOHFWHG LQ ���� DQG ����� $ JHQHUDO VKLIWV RI
GRPLQDQFH WRZDUGV &\DQREDFWHULD LV REVHUYHG� SRVVLEO\ LQ UHODWLRQ WR FOLPDWH�GULYHQ FKDQJHV
DQG�RU�ELRORJLFDO�LPSDFWV�E\�QRQ�LQGLJHQRXV�VSHFLHV
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8QLYHUVLWj�GL�3HUXJLD��'LSDUWLPHQWR�GL�6FLHQ]H�$JUDULH�$OLPHQWDUL�HG�$PELHQWDOL��,WDO\

'LSDUWLPHQWR�GL�%LRORJLD��8QLYHUVLWj�GL�)LUHQ]H��,WDO\

'LSDUWLPHQWR�GL�%LRORJLD��8QLYHUVLWj�GL�)LUHQ]H��,WDO\

'LSDUWLPHQWR�GL�%LRORJLD��8QLYHUVLWj�GL�)LUHQ]H��,WDO\

'LSDUWLPHQWR�GL�&KLPLFD��%LRORJLD�H�%LRWHFQRORJLH��8QLYHUVLWj�GL�3HUXJLD��,WDO\

'LSDUWLPHQWR�GL�6FLHQ]H�$JUDULH��$OLPHQWDUL�HG�$PELHQWDOL��8QLYHUVLWj�GL�3HUXJLD��,WDO\

'LSDUWLPHQWR�GL�&KLPLFD��%LRORJLD�H�%LRWHFQRORJLH��8QLYHUVLWj�GL�3HUXJLD��,WDO\
�
.(<:25'6��3+5$*0,7(6�$8675$/,6��5(('�%('6�'(&/,1(��&(175$/�,7$/<

,Q (XURSH� ZKHUH3KUDJPLWHV DXVWUDOLV �&DY�� 7ULQ� H[ 6WHXG�LV FRQVLGHUHG D QDWLYH WD[RQ� UHHG�EHGV
DUH H[WUHPHO\ LPSRUWDQW IRU ELRGLYHUVLW\FRQVHUYDWLRQ� SDUWLFXODUO\ LQ 0HGLWHUUDQHDQ DUHDV� ZKHUH WKH
K\GURORJLF EDODQFH RI ZHWODQGV PD\ EH YHU\ IUDJLOH� $IWHU WKH ILUVW GHWHFWLRQ RI UHHG GLH�EDFN LQ 1�
DQG &�(XURSH LQ WKH ODVW GHFDGHV� HYLGHQW VLJQV RI GHWHULRUDWLRQ KDYH EHHQ GHWHFWHG DOVR LQ
IUHVKZDWHU KDELWDWV RI WKH 0HGLWHUUDQHDQ %DVLQ� ILUVW LQ WKH 3R 'HOWD DQG WKHQ DW /DNHV 7UDVLPHQR�
&KLXVL DQG 0RQWHSXOFLDQR�7KLV GHFOLQH KDYH EHHQ UHIHUUHG WR D FRPSOH[ LQWHUSOD\ RI IDFWRUV DQG
WKHLU PHFKDQLVP KDV QRW EHHQ H[KDXVWLQJO\ H[SODLQHG \HW� 7KH RYHUDOO JRDO RI RXU UHVHDUFK� FDUULHG
RXW ZLWKLQ D QDWLRQDO UHVHDUFK SURMHFW �),5% ������ LV WR FRPSDUH WKH VWDWXV RI ILYH UHHG SRSXODWLRQV
LQ GLIIHUHQW IUHVKZDWHU HFRV\VWHPV LQ &HQWUDO ,WDO\ �&ROILRULWR 0DUVK� /DNH 7UDVLPHQR� /DNH &KLXVL�
)XFHFFKLR 0DUVKHV� /DNH 9LFR�� LQ RUGHU WR GHWHFW WKH SULQFLSDO HFRORJLFDO IDFWRUV DQG WKH
SK\VLRORJLFDO PHFKDQLVPV LQYROYHG LQ WKLV SURFHVV� 3UHOLPLQDU\ GDWD DQG ILUVW RXWFRPHV ZLOO EH
LOOXVWUDWHG DORQJ ZLWK WKH HFRQRPLFDO DQG HQYLURQPHQWDO LPSDFW RI RXU UHVHDUFK� &RQVLGHULQJ WKH
VXLWDEOH UROH RI FRPPRQ UHHG DV D JRRG ELRPDUNHU IRU PRQLWRULQJ DTXDWLF HFRV\VWHPV� RXU UHVHDUFK
ZLOO DOVR VXSSO\ XVHIXO WRROV IRU PRQLWRULQJ WKH FRQVHUYDWLRQ VWDWXV RI UHHG�GRPLQDWHG SDOXVWULQH
HFRV\VWHPV��PDQ\�RI�ZKLFK�DUH�QDWXUDO�DUHDV��LQFOXGLQJ�1DWXUD������DQG�5DPVDU�VLWHV��
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'HSW�RI�&KHPLVWU\��%LRORJ\�DQG�%LRWHFKQRORJ\��8QLYHUVLW\�RI�3HUXJLD��,WDO\

'HSW�RI�&KHPLVWU\��%LRORJ\�DQG�%LRWHFKQRORJ\��8QLYHUVLW\�RI�3HUXJLD��,WDO\

'HSW�RI�&KHPLVWU\��%LRORJ\�DQG�%LRWHFKQRORJ\��8QLYHUVLW\�RI�3HUXJLD��,WDO\

'HSW�RI�&KHPLVWU\��%LRORJ\�DQG�%LRWHFKQRORJ\��8QLYHUVLW\�RI�3HUXJLD��,WDO\
�
.(<:25'6��2'21$7$��',9(56,7<�$1$/<6,6��/$.(�75$6,0(12

0RQLWRULQJ KDV D ORQJ KLVWRU\ LQ HQWRPRORJ\ ZLWK ORQJ�WHUP GDWD VHULHV EHLQJ XVHG WR GHYHORS
IRUHFDVWLQJ V\VWHPV� ELRLQGLFDWLRQ LQVLJKWV� PXOWL�VFDOH DWODVHV� DQG WUHQGV RQ VSHFLHV FRQVHUYDWLRQ
VWDWXV� 2QH RI WKH NH\ UHDVRQV IRU PRQLWRULQJ LQVHFWV LV WR HQVXUH SURWHFWLRQ RI UDUH DQG WKUHDWHQHG
VSHFLHV DQG FRPPXQLWLHV� 1RQHWKHOHVV LQVHFWV DUH DOVR LQIRUPDWLYH LQGLFDWRUV RI HFRV\VWHP
IXQFWLRQ DQG V\VWHP KHDOWK� $V D FKDULVPDWLF JURXS RI WD[D� GUDJRQIOLHV KDYH ORQJ UHFHLYHG WKH
DWWHQWLRQ RI UHVHDUFKHUV DFURVV WKH ZRUOG� $W /DNH 7UDVLPHQR WKH RGRQDWRORJLFDO FRPPXQLW\ ZDV
LQYHVWLJDWHG VLQFH WKH ����V DQG WKH PRQLWRULQJ DFWLYLWLHV FRQGXFWHG LQ WKH \HDUV ���������
GHSLFWHG D QHZ VFHQDULR DERXW VSHFLHV LQYHQWRU\� GLVWULEXWLRQ DQG FRQVHUYDWLRQ VWDWXV� 7KH VWXG\ RI
WKH FRPPXQLW\ SDWWHUQ E\ PHDQV RI WKH DQDO\VLV RI WKH PDLQ GLYHUVLW\ FRPSRQHQWV �VLPLODULW\�
VSHFLHV UHSODFHPHQW DQG ULFKQHVV GLIIHUHQFH� UHYHDOHG FKDQJHV UHODWHG WR WKH HIIHFWV RI GLIIHUHQW
GULYHUV� /DQG XVH PRGLILFDWLRQ DQG KDELWDW KHWHURJHQHLW\ ORVV VHHP WR SOD\ D SURPLQHQW UROH� ,W LV
ZHOO NQRZQ WKDW GUDPDWLF FKDQJHV DIIHFWHG WKH SODQW FRPPXQLWLHV LQ WKH ODFXVWULQH HFRV\VWHP� ZLWK
UHIHUHQFH WR WKH VDPH SHULRG RI REVHUYDWLRQ� /RFDOO\� VRPH UHVWRUDWLRQ SURMHFWV KDYH EHHQ
LPSOHPHQWHG� DOORZLQJ WKH LPSURYHPHQW DQG WKH UHDSSHDUDQFH RI VRPH ORVW RU UDUH KDELWDWV
SRVLWLYHO\ DIIHFWLQJ WKH GUDJRQIO\ DVVHPEODJH� 7KHVH DFWLRQV PD\ UHSUHVHQW PRGHOV IRU WKH IXWXUH LQ
RUGHU WR VDIHJXDUG D ULFK DQG GLYHUVH RGRQDWRORJLFDO FRPPXQLW\ DQG D KHDOWK\ HFRV\VWHP DW /DNH
7UDVLPHQR�
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:DWHU�6HUYLFHV�7UXVW�)XQG��1DLUREL��.HQ\D
�
.(<:25'6��,17(5*5$7('�:$7(5�5(6285&(6�0$1$*(0(17��:$7(5�5(6285&(6�'(9(/230(17�&<&/(��:$7(5
6833/<�$1'�6$1,7$7,21

,QWHJUDWHG :DWHU 5HVRXUFHV 0DQDJHPHQW �,:50� KDV HPHUJHG GXULQJ WKH ODVW GHFDGH WR UHVSRQG
WR GLPLQLVKLQJ SODQHW¶V IUHVKZDWHU UHVRXUFHV DPRQJ WKHP ODNHV DQG ULYHUV� 7KXV WKH QHHG WR PRYH
DZD\ IURP VXE�VHFWRU EDVHG DSSURDFKHV �ZDWHU VXSSO\ DQG VDQLWDWLRQ �:$76$1�� LUULJDWLRQ�
LQGXVWU\� HWF� WR D PRUH KROLVWLF RU LQWHJUDWHG DSSURDFK WR ZDWHU PDQDJHPHQW� .HQ\D LV FODVVLILHG DV
D ZDWHU VFDUFH FRXQWU\ ZLWK RQO\ ��� FXELF PHWHUV RI UHQHZDEOH IUHVKZDWHU SHU FDSLWD� $QQXDO
JURXQG VDIH ZDWHU DEVWUDFWLRQ LV DSSUR[LPDWHO\ ��� PLOOLRQ FXELF PHWHUV� 1DWLRQDO :DWHU 0DVWHU
SODQ ������ ,Q WKH SDVW RXU ZDWHU GHYHORSPHQW KDV EHHQ GHPDQG GULYHQ EXW QRZ IRFXV LV VKLIWLQJ WR
,QWHJUDWHG :DWHU 5HVRXUFH 0DQDJHPHQW� .HQ\D ZDWHU UHSRUW� ����� 81�:$7(5�::$3���������
:DWHU 5HVRXUFHV 'HYHORSPHQW &\FOH DSSURDFK LQ .HQ\D LV DLPLQJ DW KROLVWLF LQWHJUDWHG ZDWHU
UHVRXUFH PDQDJHPHQW� ,QWHUJUDWLQJ HQYLURQPHQWDO� VRFLDO DQG HFRQRPLF DVSHFWV DV SHU ³7KH
'XEOLQ FRQIHUHQFH ���� RQ ,QWHJUDWHG :DWHU 5HVRXUFHV 0DQDJHPHQW� 7KH :DWHU 5HVRXUFH 8VHUV
$VVRFLDWLRQ IRFXVHV RQ WKH PDQDJHPHQW DQG FRQVHUYDWLRQ RI WKH ZDWHU UHVRXUFHV RI D SDUWLFXODU
DUHD� ULYHU� ODNHV RU DTXLIHU IRU FRQWUROOHG� HIILHFLHQW� VXVWDLQDEOH DQG OHJDO ZDWHU XVHV�
6DIHJXDUGLQJ WKH UHVHUYH IORZV IRU GRZQVWUHDP HFRORJLFDO GHPDQGV DQG EDVLF KXPDQ
UHTXLUHPHQWV� WKXV UHGXFH ZDWHU XVH FRQIOLFWV DQG FDWFKPHQW FRQVHUYDWLRQ PHDVXUHV WR LPSURYH
ZDWHU TXDQWLW\ DQG TXDOLW\� 7KH RXWSXWV LQFOXGH VXE FDWFKPHQWV PDQDJHPHQW SODQV � ZDWHU
DOORFDWLRQ SODQV� SROOXWLRQ VXUYH\ UHSRUWV� UDLQ ZDWHU KDUYHVWLQJ WHFKQRORJLHV� FDWFKPHQW SURWHFWLRQ
�ULJKWV EDVHG DSSURDFKHV� PRQLWRULQJ DQG LQIRUPDWLRQ� ILQDQFLQJ DQG LPSOHPHQWDWLRQ� DPRQJ
RWKHUV� :DWHU VXSSO\�VDQLWDWLRQ DQG ,QWHUJUDWHG :DWHU 5HVRXUFHV 0DQDJHPHQW PXVW ZRUN WRJHWKHU
LI�ZH�PXVW�NHHS�RXU�WDSV�UXQQLQJ���
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3XVKNDU�6DURYDU�6DPYDUGKDQL��5DMDVWKDQ��,QGLD
�
.(<:25'6��386+.$5��6$529$5��/$.(6��%5$+0$��,/%0��:$7(5�&216(59$7,21��3,/*5,0$*(��&$0(/�)$,5��

3XVKNDU FRPSULVHV RI WKUHH ZDWHU ERGLHV GHGLFDWHG WR WKH +LQGX 7ULQLW\ RI %UDKPD� 9LVKQX DQG
0DKHVK�3XVKNDU ZKHUH ZDWHU LV YHU\ PDQLIHVWDWLRQ RI *RG LV UHYHUHG DV RQH RI WKH ILYH DQFLHQW
VDFUHG ODNHV RI +LQGXV� 3XVKNDU ILQGV PHQWLRQ LQ PDQ\ VFULSWXUHV� 7RGD\ 0DGK\D 3XVKNDU
�PLGGOH�� D KXJH VWHS ZHOO KDV FRPSOHWHO\ GULHG XS DQG .DQLVKWKD RU %XGKD 3XVKNDU LV DW WKH YHUJH
RI H[WLQFWLRQ� 7KH PDLQ ODNH KDV GULHG XS WZLFH LQ ODVW WHQ \HDUV DQG ZDWHU OHYHO LV EHLQJ PDLQWDLQHG
E\ SXPSLQJ LQ � PLOOLRQ OLWHUV RI IUHVK JURXQG ZDWHU HYHU\ GD\� :LWK JURXQG ZDWHU OHYHO GHSOHWLQJ
UDSLGO\ �IURP � PHWHUV �� \HDUV DJR WR ����� PHWHUV WRGD\�� SRSXODWLRQ DQG SLOJULPV RQ ULVH DQG
SRVVLELOLW\ RI UDLQV IDLOLQJ DJDLQ �DYHUDJH DQQXDO UDLQIDOO ������� PLOOLPHWHUV� WKH YHU\ H[LVWHQFH RI
3XVKNDU LV DW VWDNH� 7KH DODUPLQJ VLWXDWLRQ SURPSWHG WKH JRYHUQPHQW WR DFW� 7KH ODNH ZDV
H[FDYDWLRQ DQG � FRQFUHWL]HG FKDQQHOV ZHUH EXLOW� +RZHYHU� WKH VLWXDWLRQ KDV QRW UHDOO\ LPSURYHG�
7KH NH\ ODNH EDVLQ JRYHUQDQFH LVVXH WKHUHIRUH LV DQ LPPHGLDWH VFLHQWLILF DQG WHFKQLFDO LQWHUYHQWLRQ
WR FKHFN WKH FRQWLQXLQJ VHHSDJH DQG LPSURYH ZDWHU OHYHO DQG TXDOLW\ LQ DOO WKUHH ZDWHU ERGLHV DQG
WR LPSURYH WKH JURXQG ZDWHU VLWXDWLRQ LQ 3XVKNDU� 7KH 3DSHU H[DPLQHV KRZ WKH VL[�SLOODU
,/(&�,/%0 )UDPHZRUN IRU VXVWDLQDEOH PDQDJHPHQW DQG FRQVHUYDWLRQ RI ODNH�EDVLQ UHVRXUFHV FDQ
EH DSSOLHG WR DGGUHVV WKH FRPSOH[ LVVXHV IDFHG E\ ODNH EDVLQV LQ 3XVKNDU UHHOLQJ XQGHU WKH ZHLJKW
RI RXWGDWHG UHOLJLRXV DQG FXOWXUDO EHOLHIV DQG FRQWURO RI DQ RUWKRGR[ SULHVWV¶ OREE\ RYHU WKH ODNHV
DQG�*KDWV�
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1DJR\D�8QLYHUVLW\�*UDGXDWH�6FKRRO�RI�(QJLQHHULQJ��1DJR\D��-DSDQ

1DJR\D�8QLYHUVLW\�*UDGXDWH�6FKRRO�RI�(QJLQHHULQJ��1DJR\D��-DSDQ

1DJR\D�8QLYHUVLW\�*UDGXDWH�6FKRRO�RI�(QJLQHHULQJ��1DJR\D��-DSDQ
�
.(<:25'6��,17(*5$7('�/$.(�%$6,1�0$1$*(0(17��,/%0����,17(*5$7('�:$7(5�5(6285&(6�0$1$*(0(17��,:50��
:$7(5�5(6285&(6�0$1$*(0(17�$66(660(17

0DODZL LV HQGRZHG ZLWK DEXQGDQW ZDWHU UHVRXUFHV ZKLFK LQFOXGH /DNH 0DODZL� D *UHDW $IULFDQ
/DNH KRVWLQJ WKH JUHDWHVW IUHVKZDWHU ILVK ELRGLYHUVLW\ LQ WKH ZRUOG� 7KH FRXQWU\¶V ,QWHJUDWHG :DWHU
5HVRXUFHV 0DQDJHPHQW�:DWHU (IILFLHQF\ �,:50�:(� 3ODQ IRU WKH ��������� SHULRG DLPHG WR
LPSURYH WKH OLYHOLKRRGV RI WKH SHRSOH WKURXJK VXVWDLQDEOH GHYHORSPHQW� XVH DQG PDQDJHPHQW RI
ZDWHU UHVRXUFHV� ,Q OLQH ZLWK WKH 1DWLRQDO :DWHU 3ROLF\� WKH SODQ LGHQWLILHG ILYH SULRULW\ IRFDO DUHDV
DQG �� FRPSRQHQWV IRUPLQJ WKH VWUDWHJLF IUDPHZRUN IRU LPSOHPHQWDWLRQ� 3ULRULW\ SURMHFWV ZHUH
LGHQWLILHG IRU HDFK VWUDWHJLF DUHD DQG WKH\ ZHUH WR EH LPSOHPHQWHG ZLWKLQ WKH ,:50�:( 3ODQ
LPSOHPHQWDWLRQ SHULRG� 7KLV VWXG\ DVVHVVHV WKH HIIHFWLYHQHVV RI WKH LPSOHPHQWDWLRQ RI WKH
,:50�:( 3ODQ� KLJKOLJKWV DFKLHYHPHQWV PDGH DQG FKDOOHQJHV HQFRXQWHUHG� DQG GUDZV LQVLJKWV
RQ KRZ WR LQFRUSRUDWH ,QWHJUDWHG /DNH %DVLQ 0DQDJHPHQW �,/%0� ZLWKLQ WKH ,:50 IUDPHZRUN WR
HQVXUH VXVWDLQDEOH PDQDJHPHQW RI ODNHV LQ WKH $IULFDQ FRQWH[W� &RQVLGHULQJ WKDW WKH ,:50
FRQFHSW VHHNV WR DWWDLQ D EDODQFH EHWZHHQ ZDWHU IRU OLYHOLKRRGV DQG ZDWHU IRU QDWXUH� WKH
DVVHVVPHQW KDV DOVR IRFXVHG RQ ZKHWKHU RU QRW WKH SURMHFWV� ��� FROOHFWLYHO\ ZRUNHG WRZDUGV
PDLQWDLQLQJ WKH UHVRXUFH EDVH� ��� WRRN LQWR DFFRXQW DOO XVHUV� ��� XWLOL]HG GHFHQWUDOL]HG VWUXFWXUHV�
��� UHFRJQL]HG ZRPHQ¶V UROH DQG LPSURYHG WKHLU DFFHVV WR ZDWHU� DQG ��� HPSRZHUHG SRRU SHRSOH�
KHOSHG UHGXFH SRYHUW\� LPSURYHG OLYHOLKRRGV DQG SURPRWHG HFRQRPLF JURZWK� 'RFXPHQWV UHYLHZ�
NH\ LQIRUPDQW LQWHUYLHZV� TXHVWLRQQDLUH VXUYH\ DQG RQ�VLWH REVHUYDWLRQV DUH WKH PHWKRGV
HPSOR\HG� 5HVXOWV VKRZ WKDW WKH ,:50 SURFHVV LQYROYHG YDULRXV VWDNHKROGHUV� WKH SODQ JXLGHG
HIILFLHQW�LQYHVWPHQWV�LQ�LQIUDVWUXFWXUH��DQG�WKHUH�LV�VRPH�FRQWULEXWLRQ�WR�EHWWHU�OLYHOLKRRGV�
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)ODPLQJR1HW��1DNXUX��.HQ\D

&RXQW\�*RYHUQPHQW�RI�1DNXUX��.HQ\D

.HQ\D�:LOGOLIH�6HUYLFH��.HQ\D
�
.(<:25'6��1$.858��,/%0��/$.(�0$1$*(0(17

/DNH 1DNXUX� ORFDWHG LQ WKH /DNH 1DNXUX 1DWLRQDO 3DUN LQ .HQ\D¶V 5LIW 9DOOH\ UHJLRQ� LV D FORVHG
DQG VKDOORZ ODNH H[KLELWLQJ IOXFWXDWLQJ ZDWHU OHYHO DQG YROXPH� ,W KDV D VXUIDFH DUHD RI DERXW �����
NP� DQG D FDWFKPHQW DUHD RI DERXW ����� NP�� +DYLQJ QR RXWIORZLQJ ULYHU� LWV ZDWHU OHYHO LV
FRQWUROOHG E\ WKH EDODQFH EHWZHHQ ULYHU� JURXQGZDWHU �VSULQJV� DQG SUHFLSLWDWLRQ LQIORZV� DQG
HYDSRUDWLRQ DQG LQILOWUDWLRQ RXWIORZV� ,Q ����� DV SDUW RI WKH *()�IXQGHG SURMHFW� ³7RZDUG D /DNH
%DVLQ 0DQDJHPHQW ,QLWLDWLYH� 6KDULQJ /HVVRQV DQG ([SHULHQFHV IURP *() DQG QRQ�*() /DNH
%DVLQ 0DQDJHPHQW 3URMHFWV�´ /DNH 1DNXUX ZDV VHOHFWHG DPRQJ �� JOREDO FDVHV WR GHWDLO
H[SHULHQFHV DQG OHVVRQV OHDUQW UHJDUGLQJ ,QWHJUDWHG /DNH %DVLQ 0DQDJHPHQW �,/%0�� ,/%0 LV D
FRPSUHKHQVLYH ODNH PDQDJHPHQW DSSURDFK IRU DFKLHYLQJ VXVWDLQDEOH PDQDJHPHQW RI ODNHV
WKURXJK JUDGXDO� FRQWLQXRXV DQG KROLVWLF LPSURYHPHQW RI ODNH EDVLQ JRYHUQDQFH� /DXQFKHG LQ
1DNXUX LQ 'HFHPEHU ����� WKH ILUVW ,/%0 DFWLYLW\ ZDV SUHSDUDWLRQ RI WKH /DNH 1DNXUX /DNH %ULHI
GHVFULELQJ WKH FXUUHQW VWDWH RI ODNH EDVLQ PDQDJHPHQW� :DWHU XVHV DQG PDQDJHPHQW LVVXHV DUH
LGHQWLILHG DQG GLVFXVVHG� 7KH LVVXHV� QHHGV DQG FKDOOHQJHV UHJDUGLQJ WKH ,/%0 JRYHUQDQFH
µSLOODUV¶ �,QVWLWXWLRQV� 3ROLF\� 3DUWLFLSDWLRQ� .QRZOHGJH� 7HFKQRORJ\� )LQDQFHV� DUH GLVFXVVHG�
IROORZHG E\ DGRSWLRQ RI LQWHJUDWHG ZD\V DQG PHDQV IRU PHHWLQJ WKH FKDOOHQJHV DQG LPSOHPHQWLQJ
DJUHHG PDQDJHPHQW DFWLRQV� 7KH RYHUDOO VLJQLILFDQFH RI ,/%0 DV DSSOLHG WR /DNH 1DNXUX DOVR LV
KLJKOLJKWHG�
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$VKRND�7UXVW�IRU�5HVHDUFK�LQ�(FRORJ\�DQG�(QYLURQPHQW��,QGLD

,QGLDQ�,QVWLWXWH�RI�7HFKQRORJ\��.KDUDJSXU��,QGLD

,QGLDQ�,QVWLWXWH�RI�7HFKQRORJ\��.KDUDJSXU��,QGLD
�
.(<:25'6��/$.(��0$1$*(0(17���,167,787,21

7KLV SDSHU GHDOV ZLWK VRFLRHFRQRPLF DQG LQVWLWXWLRQDO LVVXHV RI PDQDJLQJ WZR IUHVKZDWHU ODNHV RI
:HVW %HQJDO� ,QGLD� 2QH LV D QDWXUDO R[ERZ ODNH �&KXSL�FKDU� VLWXDWHG LQ WKH *DQJHWLF DOOXYLDO ]RQH
DQG WKH RWKHU LV D PDQ�PDGH ZDWHU KDUYHVWLQJ VWUXFWXUH �%DUDEXQGK� VLWXDWHG LQ WKH 5HG�/DWHULWLF
]RQH� 7KH VXUURXQGLQJ SHRSOH� PDLQO\ WKH VRFLDOO\ DQG HFRQRPLFDOO\ EDFNZDUG VHFWLRQ RI WKH
VRFLHW\ GHSHQG RQ WKH WZR ODNHV LPPHQVHO\ IRU GLIIHUHQW W\SHV RI OLYHOLKRRG DQG HFRQRPLF DFWLYLWLHV�
+RZHYHU� WKH HFRORJLFDO FRQGLWLRQV RI WKH WZR ODNHV KDYH EHHQ JUHDWO\ GHJUDGHG E\ WKH XQGHUO\LQJ
SURSHUW\ ULJKW VWUXFWXUH DQG LQVWLWXWLRQDO PHFKDQLVPV� 7KLV LQ�WXUQ DIIHFWHG WKH VRFLRHFRQRPLF YDOXH
RI WKH WZR ODNHV� ,Q FDVH RI &KXSL�FKDU� WKH H[LVWLQJ GLVSXWHV UHODWHG WR SURSHUW\ ULJKW FDQ QRW EH
DGGUHVVHG E\ WKH H[LVWLQJ ILVKHUPHQ FR�RSHUDWLYH VRFLHWLHV DQG ZDWHU XVHUV DVVRFLDWLRQV� ,Q FDVH
RI %DUDEXQGK� WKH FRQIOLFW EHWZHHQ WKH GH�IDFWR DQG GH�MXUH SURSHUW\ ULJKW KDV FUHDWHG D YRLG VSDFH
IRU PDQDJHPHQW RI WKH ODNH� 1R HIIHFWLYH PHDVXUHV FRXOG EH WDNHQ GXH WR WKH H[LVWLQJ FRQIOLFWV� ,Q
ERWK WKH FDVHV� ORFDO DGPLQLVWUDWLRQ DQG OLQH GHSDUWPHQWV IDLOHG WR EULQJ WKH VWDNHKROGHUV XQGHU D
FRPPRQ SODWIRUP IRU EHWWHU PDQDJHPHQW RI WKH ODNHV� 7KLV VWXG\ DUJXHV WKDW ODFN RI DSSURSULDWH
QDWLRQDO SROLF\ IRU WKH PDQDJHPHQW RI ZHWODQGV DQG ODNHV GLVDEOHV WKH FDSDFLW\ RI WKH SUHVHQW
JRYHUQPHQW DGPLQLVWUDWLRQ WR DGGUHVV WKH XQGHUO\LQJ LQVWLWXWLRQDO LVVXHV RI ODNH PDQDJHPHQW� 7KH
LQYROYHPHQW�RI�1*2V�FDQ�IDFLOLWDWH�WKH�SURFHVV�RI�SURSHU�PDQDJHPHQW�
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8QLYHUVLGDG�GH�*XDQDMXDWR��*XDQDMXDWR��0H[LFR

$QWDUHV�&RQVXOWRUHV�HQ�,QJHQLHUtD��*XDQDMXDWR��0H[LFR

/HVVRQV OHDUQHG GXULQJ ILIWHHQ \HDUV RI WKH GHYHORSPHQW DQG LPSOHPHQWDWLRQ RI ,QWHJUDWHG /DNH
%DVLQ 0DQDJHPHQW DSSURDFK �,/%0� DQG FRQFOXGLQJ UHPDUNV RI WKH :/&�� �$XVWLQ
'HFODUDWLRQ�SURYLGH DZDUH WKDW VWDNHKROGHU LQYROYHPHQW LV HVVHQWLDO IRU VXFFHVVIXO ODNH EDVLQ
PDQDJHPHQW DQG WKDW LW LV QHHGHG WR JR EH\RQG OHQWLF ZDWHUV WR LQFOXGH ORWLF ZDWHUV DQG HYROYH
WRZDUG DQ ,QWHJUDWHG /HQWLF /RWLF %DVLQ 0DQDJHPHQW DSSURDFK �,/�%0�� LI VXVWDLQDEOH ZDWHU
UHVRXUFHV PDQDJHPHQW LV WR EH DFKLHYHG� ,Q WKLV VWXG\� D GHVFULSWLYH DQDO\VLV FDUULHG RXW RQ WKH
SODQQLQJ SURFHVVHV XVHG E\ WKUHH ZDWHUVKHG FRXQFLOV �SDUWQHUVKLSV UHSUHVHQWLQJ WKH GLIIHUHQW
LQWHUHVWV LQ WKH EDVLQ E\ EULQJLQJ WRJHWKHU ORFDO VWDNHKROGHUV IURP SULYDWH� ORFDO� VWDWH� DQG IHGHUDO
VHFWRUV� LQ 2UHJRQ 6WDWH HQDEOHG XV WR NQRZ WKDW WKHVH SDUWQHUVKLSV SODQ WKH SURWHFWLRQ DQG
UHVWRUDWLRQ VWUDWHJLHV IRU OHQWLF�ORWLF ZDWHU V\VWHPV LQ D KROLVWLF ZD\� ,Q DGGLWLRQ� LW ZDV SRVVLEOH WR
ILJXUH RXW WKDW FRXQFLO PHPEHUV FROODERUDWH WR LGHQWLI\ LVVXHV� SURPRWH FRRSHUDWLYH VROXWLRQV� IRFXV
UHVRXUFHV� DJUHH RQ JRDOV IRU ZDWHUVKHG HQKDQFHPHQW� DQG IRVWHU FRPPXQLFDWLRQ DPRQJ DOO
ZDWHUVKHG LQWHUHVW JURXSV� DV UHFRPPHQGHG E\ WKH ,/%0 SLOODU IRU VWDNHKROGHUV� SDUWLFLSDWLRQ�
7KXV� XQGHU WKH SUHPLVH WKDW WKH ,/�%0 DSSURDFK ZLOO QHHG WR DGRSW QHZ RU DGDSWHG IRUPV RI
SXEOLF LQYROYHPHQW� DQG EDVHG RQ WKH 2UHJRQLDQ H[SHULHQFH XVLQJ ZDWHUVKHG FRXQFLOV WR SODQ WKH
PDQDJHPHQW RI OHQWLF�ORWLF V\VWHPV� WKLV ZRUN FRQFOXGHV WKDW ZDWHUVKHG FRXQFLOV PDNH D IHDVLEOH
DOWHUQDWLYH�IRUP�RI�SXEOLF�LQYROYHPHQW�LQ�WKH�,/�%0�DSSURDFK�
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0LQLVWU\�RI�(QYLURQPHQW��$OEDQLD

'UHMWXHV�7HNQLN��$OEDQLD

3RO\WHFKQLF�8QLYHUVLW\�RI�7LUDQD��$OEDQLD
�
.(<:25'6��,/%0�352&(66��/$.(�2+5,'��35(63$�$1'�6+.2'5$�6.$'$5��:$7(5�)5$0(�',5(&7,9(��:)'�

$OEDQLD LV DQ LPSRUWDQW MRLQW LQ :HVW %DONDQ� DV UHJDUG WR GLYHUVLW\ DQG TXDQWLW\ RI ZDWHU UHVRXUFHV�
7KH ZDWHUVKHG DUHD LV ������ .P� ZKLOH WKH WHUULWRULDO DUHD LV ������ .P� DQG DERXW ����
.P��\HDU RI IUHVK ZDWHU LV GLVFKDUJHG WR WKH VHD� ,QVLGH WHUULWRULDO DUHD $OEDQLD VKDUHV ZLWK LWV
QHLJKERU WKUHH PDLQ ODNHV LQ WKH %DONDQV ZLWK KLVWRULFDO DQG HQYLURQPHQWDO YDOXHV DQG LQWHUQDWLRQDO
LPSRUWDQFH DV 2KULG /DNH �$ ��� .P�� PD[�GHSWK ���P�� 3UHVSD /DNH �$ ��� .P�� PD[�GHSWK
��P� DQG 6KNRGUD /DNH �$ ��� .P�� PD[�GHSWK ��P�� (8 FRXQWULHV� RU SRWHQWLDO FDQGLGDWH
FRXQWULHV PXVW DOLJQ WKHLU OHJDO IUDPHZRUN ZLWK WKH :)'� ZKLFK LV D YHU\ LPSRUWDQW GRFXPHQW�
VHWWLQJ VWULFW FULWHULD UHJDUGLQJ WR ULYHU EDVLQ PDQDJHPHQW SODQV � LQFOXGLQJ WKH /DNHV � � EXW DOVR
PRQLWRULQJ DQG TXDOLW\ VWDQGDUGV IRU VXUIDFH ZDWHU� +RZHYHU WKH ZKROH SURFHVV VHHPV OLNH D EODFN
ER[ SURFHVV ZKLFK� FRPSHOV (8 PHPEHU VWDWHV� WR WDNH PHDVXUHV WR DFKLHYH ZLWKLQ GHDGOLQHV�
ZDWHU TXDOLW\ VWDQGDUGV� ,W VHHPV WKDW LV GHVLJQHG VSHFLILFDOO\ WR EH DSSOLHG LQ GHYHORSHG FRXQWULHV
RI (XURSH ZKLFK GXULQJ FHUWDLQ VWDJHV RI WKHLU LQGXVWULDO DQG HFRQRPLF GHYHORSPHQW� KDYH FDXVHG
VLJQLILFDQW GDPDJH WR WKH HQYLURQPHQW� $OEDQLD DQG %DONDQ FRXQWULHV DUH NQRZQ IRU WKHLU ORZ
HFRQRPLF DQG LQGXVWULDO GHYHORSPHQW DQG FRQVHTXHQWO\ GDPDJHV WR HQYLURQPHQW KDYH EHHQ
VPDOOHU� 7R SURWHFW WKRVH ODNH HQYLURQPHQWDO YDOXHV DQG WR VWRS DQG SUHYHQW WKHLU GHJUDGDWLRQ
,/%0 FRQFHSW LV WKH ULJKW RQH WR DSSO\ LQ WKH PDQDJHPHQW RI WKH WKUHH ODNHV DW WKH QDWLRQDO OHYHO
EXW DOVR LQWHUQDWLRQDOO\ (8 :)' LV WKH REMHFWLYH WR EH DFKLHYHG ZKLOH WKH PHFKDQLVP IRU DWWDLQLQJ
WKHVH VWDQGDUGV WR WKH PDQDJHPHQW RI ODNHV� EXW QRW RQO\ LV ,/%0 SURFHVV� ,/%0 SURFHVV VKRXOG
EH�JXLGHOLQH�RI�DOO�GLIIHUHQW�3URMHFWV�DQG�SROLFLHV�IRU�D�VXVWDLQDEOH�PDQDJHPHQW�RI�WKHVH�ODNHV�
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,QWHJUDWHG /DNH %DVLQ 0DQDJHPHQW �,/%0� LV D FRPSUHKHQVLYH DSSURDFK RULJLQDOO\ GHYHORSHG IRU
PDQDJLQJ ODNHV WKURXJK JUDGXDO� FRQWLQXRXV DQG KROLVWLF LPSURYHPHQW RI EDVLQ JRYHUQDQFH� ,WV
JHQHVLV ZDV VSHDUKHDGHG E\ WKH ,QWHUQDWLRQDO /DNH (QYLURQPHQW &RPPLWWHH �,/(&� WKURXJK D
VHULHV RI VWHSV LQYROYLQJ� ��� GHYHORSPHQW RI D JXLGLQJ YLVLRQ IRU PDQDJLQJ ODNHV IRU VXVWDLQDEOH
XVH� ��� DQDO\]LQJ OHVVRQV OHDUQHG IURP PXOWLSOH ODNHV DQG UHVHUYRLUV DURXQG WKH ZRUOG WR LGHQWLI\
WKH HIILFDF\ RI SUHYLRXV PDQDJHPHQW H[SHULHQFHV� DQG ��� LGHQWLI\LQJ ODNH EDVLQ JRYHUQDQFH
HOHPHQWV FULWLFDO IRU IDFLOLWDWLQJ VXVWDLQDEOH XVH RI ODNHV DQG UHVHUYRLUV DQG WKHLU OLIH�VXSSRUWLQJ
HFRV\VWHP VHUYLFHV� 7KH ILUVW VWHS IRFXVHG RQ GHYHORSLQJ WKH :RUOG /DNH 9LVLRQ� ZLWK LWV VHYHQ
PDQDJHPHQW µ3ULQFLSOHV�¶ 7KH VHFRQG VWHS LQYROYHG D JOREDO�VFDOH /DNH %DVLQ 0DQDJHPHQW
,QLWLDWLYH �/%0,� WR DQDO\]H ODNH EDVLQ PDQDJHPHQW H[SHULHQFHV IURP �� ODNHV DQG UHVHUYRLUV
DURXQG WKH ZRUOG WR LGHQWLI\ WKH VWUHQJWKV DQG OLPLWDWLRQV RI SUHYLRXV ODNH PDQDJHPHQW HIIRUWV�
%XLOGLQJ RQ WKHVH SUHYLRXV HIIRUWV� WKH FXOPLQDWLRQ RI WKLV HYROXWLRQ ZDV WKH GHYHORSPHQW RI WKH
,QWHJUDWHG /DNH %DVLQ 0DQDJHPHQW �,/%0� SODWIRUP SURFHVV IRU PDQDJLQJ ODNHV� WKHLU EDVLQV DQG
WKHLU UHVRXUFHV IRU VXVWDLQDEOH XVH� +DYLQJ VXEVHTXHQWO\ EHHQ DSSOLHG LQ D QXPEHU RI FRXQWULHV
DURXQG WKH ZRUOG� ,/%0 FRQVLGHUV QRW RQO\ ODNHV DQG UHVHUYRLUV� EXW DOVR WKH XSVWUHDP ULYHUV
GUDLQLQJ LQWR WKHP� WKH GRZQVWUHDP ULYHUV DQG ODUJH PDULQH HFRV\VWHPV LQWR ZKLFK WKH\ GLVFKDUJH�
DQG WKH VXE�VXUIDFH DTXLIHUV XQGHUO\LQJ PDQ\ RI WKHP� 7KH *RYHUQDQFH µSDJRGD�¶ KLJKOLJKWLQJ WKH
PDMRU JRYHUQDQFH HOHPHQWV FRPSULVLQJ ,/%0� DOVR LV GLVFXVVHG ZLWKLQ WKH FRQWH[W RI ORQJ�WHUP ODNH
EDVLQ�PDQDJHPHQW�
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6��%��&ROOHJH�RI�VFLHQFH��$XUDQJDEDG��,QGLD
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,QGLD LV QDWXUDOO\ EOHVVHG XSRQ E\ SOHQW\ RI ZDWHU ERGLHV ZKLFK IXOILO WKH YDULRXV QHHGV RI
PXOWLFXOWXUDO FRPPXQLWLHV� 2Q WKLV EDFNJURXQG WKH µ,QWHJUDWHG /DNH %DVLQ 0DQDJHPHQW¶ RI /RQDU
/DNH KROGV DQ LPSRUWDQW UROH IRU LWV FRQVHUYDWLRQ� /RQDU /DNH� VLWXDWHG LQ %XOGKDQD 'LVWULFW RI
0DKDUDVKWUD 6WDWH LQ ,QGLD LV D VDOLQH ZDWHU ERG\ DQG DQ H[FHOOHQW H[DPSOH RI QDWXUDO SKHQRPHQRQ
RI PHWHRULWLF LPSDFW RFFXUUHG EHIRUH ������ \HDUV DJR� ,W LV DQ HSLWRPH RI VFLHQWLILF LQWHUHVW
DPRQJVW ZRUOG UHVHDUFKHUV� 3DVW FRXSOH RI GHFDGHV KDG EHHQ ZLWQHVVHG KHDY\ SROOXWLRQ WR WKLV
ZDWHU ERG\ GXH WR QHJOLJHQFH DQG ODFN RI FDUH RI ORFDO SXEOLF DQG YLVLWRUV� ODNH DXWKRULWLHV DQG WKHLU
FRUUHVSRQGLQJ DFWLYLWLHV WRZDUGV ODNH HQYLURQPHQW FRQVHUYDWLRQ� +XPDQ LQWHUYHQWLRQV OLNH
FRQVWUXFWLRQV RQ HMHFWD EODQNHW� IDUPLQJ� UHOLJLRXV SUDFWLFHV� ZDVKLQJ RI FORWKHV DQG JUD]LQJ
DQLPDOV� GHIRUHVWDWLRQ� VDQLWDWLRQ� HWF GHJUDGH WKH TXDOLW\ RI /DNH HFRV\VWHP XSWR D ODUJH H[WHQW�
1XPEHU RI VWXGLHV KDG EHHQ FRQGXFWHG LQ WKH SDVW WZR GHFDGHV RQ WKH K\GURORJLFDO�
HQYLURQPHQWDO� ELRGLYHUVLW\ VWDWXV RI WKH ODNH� ZKLFK FRQFOXGHG WKH JUHDW QHHG RI DGRSWLQJ ,/%0
SULQFLSDOV� )RFXVHG RQ WKLV� HIIRUWV KDYH EHHQ PDGH WR UHGXFH ZDWHU SROOXWLRQ� WKHUHE\ WR PDLQWDLQ
WKH KHDOWK\ DTXDWLF HFRV\VWHP RI WKH ODNH� /DNH FRQVHUYDWLRQ OLWHUDF\ E\ PHDQV RI VWDNHKROGHUV¶
DZDUHQHVV� UHJXODU VFLHQWLILF VWXGLHV RQ ODNH ZDWHU DQG LWV HFRV\VWHP� DXWKRULW\ PHHWLQJV� DOWKRXJK
VKRZHG SRVLWLYH FKDQJHV� 7KHUH LV DQ XUJH WR PDNH WKH SHRSOH DZDUH RI LWV SUHFLRXV HFRV\VWHP
DQG�WR�GHYHORS�D�VHQVH�RI�VFLHQWLILF�DWWLWXGH�WRZDUGV�LW�
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(QYLURQPHQWDO�3ODQQLQJ�DQG�&RRUGLQDWLRQ�2UJDQL]DWLRQ��'HSW��RI�+RXVLQJ�DQG�(QYLURQPHQW��*R03��%KRSDO�
,QGLD

(QYLURQPHQWDO�3ODQQLQJ�	�&RRUGLQDWLRQ�2UJDQLVDWLRQ��(3&2��%KRSDO��,QGLD

(QYLURQPHQWDO�3ODQQLQJ�	�&RRUGLQDWLRQ�2UJDQLVDWLRQ��(3&2��%KRSDO��,QGLD
�
.(<:25'6��5$06$5�6,7(��,/%0��%+2-�:(7/$1'

&RQVHUYDWLRQ DQG 0DQDJHPHQW QHHGV RI D 5DPVDU 6LWH� 7KH ,/%0 $SSURDFK $PLW 'XEH\� 6XEUDWD
3DQL DQG 0�5 .KDQ� (QYLURQPHQWDO 3ODQQLQJ DQG &RRUGLQDWLRQ 2UJDQL]DWLRQ� 3DU\DYDUDQ 3DULVDU�
(��� $UHUD &RORQ\ %KRSDO %KRM :HWODQG LV DQ LPSRUWDQW ZDWHU ERG\ RI FHQWUDO ,QGLD ORFDWHG LQ WKH
FLW\ RI %KRSDO DQG LV WKH PDLGHQ 5DPVDU VLWH LQ WKH VWDWH� ,W FDWHUV WR WKH QHHGV RI PRUH WKDQ ���
RI WKH SRSXODWLRQ RI WKH FLW\ IRU WKHLU SRWDEOH QHHGV DQG PRUH LPSRUWDQWO\ LV D IORXULVKLQJ HFRV\VWHP
ULFK LQ DTXDWLF ELRGLYHUVLW\� +RZHYHU OLNH DOO WKH RWKHU XUEDQ ZDWHU ERGLHV� WKH ZHWODQG LV XQGHU
LQFUHDVLQJ HQYLURQPHQWDO VWUHVV� 7KH SRSXODWLRQ SUHVVXUH LQ WKH FDWFKPHQW RI WKLV LPSRUWDQW
ZHWODQG LV RQ D FRQVWDQW ULVH ZLWK WKH LQHYLWDEOH H[SDQVLRQ RI WKH FLW\ RI %KRSDO� $ PHJD
FRQVHUYDWLRQ HIIRUW ZDV WDNHQ XS DLPHG DW HQYLURQPHQWDO FRQVHUYDWLRQ DQG PDQDJHPHQW RI WKLV
ZHWODQG QDPHG WKH %KRM :HWODQG SURMHFW ZKLFK VXFFHVVIXOO\ FRPSOHWHG LQ WKH \HDU ����� 7KH
VXFFHVV RI WKH SURMHFW ZDV UHIOHFWHG LQ RYHUDOO LPSURYHPHQW LQ WKH DHVWKHWLFV LQ DQG DURXQG WKH
ZHWODQG DQG UHPDUNDEOH LPSURYHPHQW LQ WKH ZDWHU TXDOLW\� +RZHYHU DIWHU RQH GHFDGH RI WKH HQG RI
WKH FRQVHUYDWLRQ DFWLYLWLHV� WKH ZHWODQG LV VXEMHFWHG WR QHZHU HQYLURQPHQWDO FKDOOHQJHV� 7KH
SUHVHQW SDSHU GHDOV ZLWK WKH HQYLURQPHQWDO LVVXHV EHLQJ IDFHG E\ WKH %KRM ZHWODQG LQ SUHVHQW
FRQWH[W DQG WKH FRQVHUYDWLRQ HIIRUWV UHTXLUHG LQ�VLWX DV ZHOO DV LQ WKH FDWFKPHQW RI WKH ZHWODQG
EDVHG RQ WKH SULQFLSOHV RI ,/%0� 7KH SDSHU DOVR LQFRUSRUDWHV WKH H[SHULHQFHV OHDUQHG GXULQJ WKH
LPSOHPHQWDWLRQ RI WKH %KRM :HWODQG 3URMHFW DQG LQWHQGV WKH XVH RI WKH VDPH LQ VWUDWHJLVLQJ WKH
ORQJ�WHUP�PDQDJHPHQW�DFWLRQ�SODQ�IRU�WKLV�DOO�LPSRUWDQW�ZDWHU�ERG\��
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=,(��=LPEDEZH
�
.(<:25'6��&+,9(52��+$5$5(�,/%0�7($0��6&,(17,),&�62/87,21

7KH /DNH &KLYHUR ZDWHU TXDOLW\ LV DQ H[FHOOHQW H[DPSOH RI KRZ ZURQJ /DNH %DVLQ JRYHUQDQFH FDQ
QHJDWLYHO\ LPSDFW RQ OLYHOLKRRG� :LWK DQ REMHFWLYH WR DGGUHVV WKH ODNH¶V ZDWHU TXDOLW\ FKDOOHQJH�
VLQFH ����V UHVHDUFKHV KDYH EHHQ FDUULHG RXW� UHJUHWWDEO\ PRVW RI WKH VWXGLHV IRFXVHG RQ
XQGHUVWDQGLQJ WKH ODNH¶V FRPSOH[ G\QDPLF UHVSRQVHV� &RQVHTXHQWO\� KXJH UHVRXUFHV KDYH EHHQ
VXQN� RQO\ WR H[SRVH WKH ODNH¶V XQLQWHUUXSWHG GHWHULRUDWLQJ ZDWHU TXDOLW\ VWDWXV� ZKLOH ODFN RI FOHDU
VFLHQWLILF VROXWLRQV WR FRXQWHU WKLV SUREOHP VWLOO SUHVHQWV WKH PRVW FRVWO\ DQG SDLQIXO REWUXVLYH JDS�
7KXV� WKH +DUDUH ,/%0 WHDP� D MRLQW FROODERUDWLRQ EHWZHHQ +DUDUH /RFDO $XWKRULW\ DQG 8QLYHUVLW\ RI
=LPEDEZH DFDGHPLD� VHHNV WR SURIIHU VFLHQWLILF VROXWLRQV WR WKLV OLIH WKUHDWHQLQJ PRQVWHU� 7KH ODNH
EHLQJ LQGLVSHQVDEOH VXSSRUWV OLIH RI PRUH WKDQ ��� PLOOLRQ SHRSOH ZKRVH VLJQLILFDQW SURSRUWLRQ ZDV
DIIHFWHG E\ WKH ���� FKROHUD RXWEUHDN DWWULEXWHG WR GULQNLQJ FRQWDPLQDWHG ZDWHU� XOWLPDWHO\ WKH
SDQGHPLF VSUHDG HQWLUH FRXQWU\� 3UHYLRXV VWXGLHV KDYH EODPHG GLVFKDUJH RI KLJK QXWULHQW ORDGV
WKURXJK ZDVWHZDWHU HIIOXHQWV� ODFN RI OLQNDJHV EHWZHHQ VWDNHKROGHUV DQG DGPLQLVWUDWLYH VWUXFWXUHV�
SRRU ZRUNLQJ SDUWQHUVKLSV DQG ODFN RI SXEOLF DZDUHQHVV LQ WKH HFRORJLFDO PDQDJHPHQW RI WKH
UHVHUYRLU� $FFRUGLQJ WR 81(3¶V UHFHQW UHSRUW WKH PDQDJHPHQW VWDWXV RI /DNH &KLYHUR� DV D FDVH
VWXG\ RI LQVWLWXWLRQDO IDLOXUH� FDQ EH GHILQHG E\ FRPSDULQJ LWV PDQDJHPHQW WR JXLGHOLQHV RXWOLQHG LQ
(QYLURQPHQW DQG 'HYHORSPHQW LQ $IULFD 7RROV IRU LPSOHPHQWLQJ HQYLURQPHQWDOO\ VXVWDLQDEOH
GHYHORSPHQW� )LQDOO\� IRXU VFLHQWLILFDOO\ GHYHORSHG VROXWLRQV ZHUH LGHQWLILHG WR LQFOXGH YHUPLFXOLWH
HIIOXHQW SROLVKLQJ� 6RODU %HH WHFKQRORJ\� PHWKDQH JDV SRZHU JHQHUDWLRQ� VLPXODWRU DLGHG SODQW
RSWLPLVDWLRQ�DQG�HFRORJLFDO�VROXWLRQV�
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,QVWLWXWH�IRU�&OLPDWH�&KDQJH�DQG�$GDSWDWLRQ��,&&$��	�'HSDUWPHQW�RI�*HRORJ\��8QLYHUVLW\�RI�1DLUREL��.HQ\D

/DNH�%DVLQ�$FWLRQ�1HWZRUN��6KLJD��-DSDQ
�
.(<:25'6��62&,2�(&2/2*,&$/��'(9(/230(17��,/%0�)5$0(:25.

/DNH 7XUNDQD� WKH ODUJHVW FORVHG�EDVLQ ODNH LQ WKH (DVW $IULFDQ 5LIW� OLHV LQ WKH DULG QRUWKZHVWHUQ
SDUW RI .HQ\D DW DERXW ��1� ���(� 0RVW RI WKH ODNH OLHV LQ .HQ\D� EXW SDUW RI WKH 2PR 5LYHU �ZKLFK
VXSSOLHV DERXW ��� RI ZDWHU WR WKH ODNH� GHOWD OLHV LQ VRXWKZHVWHUQ (WKLRSLD� 7KH UHVW RI WKH LQIOXHQW
VXUIDFH ZDWHU IORZV DUH IURP 7XUNZHO�.HULR 5LYHU DQG HSKHPHUDO VWUHDPV� 7KH ODNH¶V FDWFKPHQW
DUHD LV DERXW ������� NP�� /DNH 7XUNDQD LV ��� NP ORQJ DQG KDV D PHDQ ZLGWK RI �� NP� ZLWK D
VXUIDFH DUHD RI DERXW ���� NP�� 7KH DYHUDJH GHSWK LV �� P ZKLOH WKH PD[LPXP GHSWK LV ��� P�
7KH ODNH LV D FULWLFDO UHVRXUFH IRU WKH SHRSOH ZKR OLYH ZLWKLQ LWV FDWFKPHQW� DJURSDVWRUDOLVWV LQ
(WKLRSLD DQG PRVWO\ SDVWRUDOLVWV LQ .HQ\D� 7KH ODNH EDVLQ KDV D ULFK SDODHRQWRORJLFDO DQG
DUFKDHRORJLFDO KHULWDJH DQG LV ZRUOG�IDPHG DV WKH �&UDGOH RI 0DQNLQG� GXH WR WKH HDUO\ KRPLQLG
UHPDLQV WKDW KDYH EHHQ IRXQG WKHUH� ,W LV D IUDJLOH HQYLURQPHQW WKDW KDV D QXPEHU RI QDWLRQDO SDUNV
DQG JDPH UHVHUYHV� LQFOXGLQJ VRPH HQGDQJHUHG VSHFLHV� 7KH KXPDQ SRSXODWLRQ LV UHODWLYHO\
VSDUVH EXW UDSLGO\ JURZLQJ� DQG SRYHUW\ OHYHOV UHPDLQ YHU\ KLJK� 7RGD\� WKH ODNH LV IDFLQJ PDQ\
FKDOOHQJHV� &OLPDWH FKDQJH KDV EURXJKW DERXW PRUH IUHTXHQW DQG LQWHQVH GURXJKWV ZLWK PDMRU
LPSDFWV RQ WKH SDVWRUDO OLYHOLKRRGV� &KDQJHV LQ ZDWHU TXDQWLW\ DQG TXDOLW\ KDYH EHHQ REVHUYHG DV
D UHVXOW RI ODQG XVH FKDQJHV DQG DEVWUDFWLRQ RI ZDWHU LQ WKH FDWFKPHQW DUHDV� 7KHUH DUH DOVR QRZ
QHZ ODUJH�VFDOH GHYHORSPHQW SURMHFWV XQGHUZD\ VXFK DV WKH EXLOGLQJ RI ODUJH K\GURSRZHU GDPV
DQG SODQQHG ODUJH VFDOH LUULJDWLRQ DORQJ WKH 2PR 5LYHU LQ (WKLRSLD DV ZHOO DV RQ�JRLQJ VXUYH\ DQG
GHYHORSPHQW RI UHFHQWO\ GLVFRYHUHG IRVVLO IXHO UHVRXUFHV DQG RWKHU PLQHUDOV UHVRXUFH H[WUDFWLRQ LQ
.HQ\D� 7KH UHODWHG LQIUDVWUXFWXUH UHTXLUHPHQWV� ODERXU LQIOX[ DQG DWWHQGDQW UHTXLUHPHQW IRU
SRWDEOH�LQGXVWULDO ZDWHU DQG VHUYLFHV ZLOO SODFH GHPDQGV RQ WKH QDWXUDO HFRV\VWHP VHUYLFHV�
+RZHYHU� WKHUH LV FXUUHQWO\ QR HVWDEOLVKHG IUDPHZRUN IRU WKH LQWHJUDWHG PDQDJHPHQW RI WKH ODNH
EDVLQ� 7KLV SDSHU FKDUDFWHULVHV WKH VRFLR�HFRORJLFDO DQG GHYHORSPHQW LVVXHV LQ WKH /DNH %DVLQ LQ
WKH FRQWH[W RI WKH ,/%0 SODWIRUP SURFHVV DQG GHYHORSV D IUDPHZRUN WKDW FDQ EH XVHG IRU WKH
VXVWDLQDEOH�PDQDJHPHQW�RI�WKH�ODNH�EDVLQ�
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7H[DV�6WDWH�8QLYHUVLW\��86$
�
.(<:25'6��,/%0��$33/,&$7,21��7<32/2*<

0DQDJLQJ D ZDWHU V\VWHP �ODNHV� ZHWODQGV� ULYHUV� DTXLIHUV� IRU VXVWDLQDEOH XVH LV D FRPSOH[
FKDOOHQJH LQYROYLQJ D UDQJH RI LQWHUFRQQHFWHG VFLHQWLILF� VRFLRHFRQRPLF� SROLWLFDO DQG HQYLURQPHQWDO
LVVXHV� VRPHWLPHV HYHQ ZLWK FRQIOLFWLQJ RU FRQWUDGLFWRU\ JRDOV� ,QWHJUDWHG /DNH %DVLQ
0DQDJHPHQW �,/%0� LV DQ DSSURDFK IRU DFKLHYLQJ VXVWDLQDEOH PDQDJHPHQW RI ODNHV DQG UHVHUYRLUV
WKURXJK JUDGXDO� FRQWLQXRXV DQG KROLVWLF LPSURYHPHQW RI EDVLQ JRYHUQDQFH� LQFOXGLQJ VXVWDLQHG
HIIRUWV IRU LQWHJUDWLRQ RI LQVWLWXWLRQDO UHVSRQVLELOLWLHV� SROLF\ GLUHFWLRQV� VWDNHKROGHU SDUWLFLSDWLRQ�
VFLHQWLILF DQG WUDGLWLRQDO NQRZOHGJH� WHFKQRORJLFDO SRVVLELOLWLHV� DQG IXQGLQJ SURVSHFWV DQG
FRQVWUDLQWV� ,W KDV EHHQ FRQFHSWXDOL]HG RQ WKH EDVLV RI D SUHPLVH WKDW DFKLHYHPHQW LQ PDQDJLQJ
ODNHV� UHVHUYRLUV DQG WKHLU EDVLQV LV SXUVXHG VR WKDW WKH\ FDQ FRQWLQXH WR SURYLGH WKHLU ZLGH UDQJH
RI OLIH�VXSSRUWLQJ HFRV\VWHP VHUYLFHV WKDW LV IDFLQJ D VHULRXV JOREDO FKDOOHQJH� 7R KLJKOLJKW WKH
SURFHVV DQG JRDOV� WKH PDLQ SXUSRVH RI WKLV SUHVHQWDWLRQ LV WR JLYH DQ RYHUYLHZ RI WKH H[SHULHQFHV
DQG RXWFRPHV RI ,/%0 DSSOLFDWLRQ EHWZHHQ ���� DQG ����� PDLQO\ LQ $VLDQ DQG $IULFDQ FRXQWULHV
DW WKH QDWLRQDO OHYHO� ZLWK DGGLWLRQDO LQGLYLGXDO FDVHV LQ RWKHU SDUWV RI WKH ZRUOG� 7KH W\SRORJ\
UHODWHV WR� IRU H[DPSOH� WKH ODNH�ULYHU V\VWHP IHDWXUHV� WKH H[WHQW RI ,/%0 SURFHVV UHDFKHG VR IDU�
WKH WHPSRUDO VFRSH �L�H�� SURVSHFWLYH YV� UHWURVSHFWLYH�� WKH VFKHPHV XQGHU ZKLFK ,/%0 DSSOLFDWLRQ
FDVHV ZHUH XQGHUWDNHQ �H�J�� D JRYHUQPHQWDO LQLWLDWLYH YV� D QRQ�JRYHUQPHQWDO LQLWLDWLYH�� DQG WKH
ILQDQFLDO DUUDQJHPHQW IRU LPSOHPHQWDWLRQ� 7KH SUHVHQWDWLRQ ZLOO EH IRFXVHG RQ WKH LQWHUSUHWLYH
GLVFXVVLRQ RI FDVH DSSOLFDWLRQ UHVXOWV DQG WKH FKDOOHQJHV IDFHG LQ SURPRWLQJ ,/%0� LQFOXGLQJ WKH
QHHG�IRU�D�JOREDO�PHFKDQLVP�IRU�LWV�ZLGHU�DSSOLFDWLRQ�IRU�HYROXWLRQDU\�LPSURYHPHQW�
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,QWHUQDWLRQDO�/DNH�(QYLURQPHQW�&RPPLWWHH�)RXQGDWLRQ��6KLJD��-DSDQ
�
.(<:25'6��,17(*5$7('�/$.(�%$6,1�0$1$*(0(17��,/%0���+80$1�5(6285&(6��75$,1,1*�352*5$06

'HYHORSPHQW RI KXPDQ UHVRXUFHV LV RQH RI WKH PRVW LPSRUWDQW IDFWRUV WR HQVXUH VXVWDLQDEOH
PDQDJHPHQW RI ODNHV DQG WKHLU EDVLQV� %DVHG RQ WKLV EHOLHI� ,QWHUQDWLRQDO /DNH (QYLURQPHQW
&RPPLWWHH )RXQGDWLRQ �,/(&�� DQ RUJDQL]DWLRQ HVWDEOLVKHG E\ 6KLJD 3UHIHFWXUDO *RYHUQPHQW�
-DSDQ� KDV EHHQ FRQGXFWLQJ WUDLQLQJ SURJUDPV WR VXSSRUW FDSDFLW\ EXLOGLQJ HIIRUWV LQ GHYHORSLQJ
FRXQWULHV VLQFH ����� ZLWK PRVW RI WKHP EHLQJ FRPPLVVLRQHG E\ -DSDQ ,QWHUQDWLRQDO &RRSHUDWLRQ
$JHQF\ �-,&$�� 2QH RI WKH XQLTXH IHDWXUHV RI ,/(&¶V WUDLQLQJ SURJUDPV DUH WKDW WKH FXUULFXOXP LV
GHVLJQHG EDVHG RQ ,QWHJUDWHG /DNH %DVLQ 0DQDJHPHQW �,/%0�� D FRQFHSWXDO IUDPHZRUN IRU
DFKLHYLQJ VXVWDLQDEOH PDQDJHPHQW RI ODNHV DQG UHVHUYRLUV WKURXJK JUDGXDO� FRQWLQXRXV DQG
KROLVWLF LPSURYHPHQW RI EDVLQ JRYHUQDQFH� LQFOXGLQJ VXVWDLQHG HIIRUWV IRU LQWHJUDWLRQ RI LQVWLWXWLRQDO
UHVSRQVLELOLWLHV� SROLF\ GLUHFWLRQV� VWDNHKROGHU SDUWLFLSDWLRQ� VFLHQWLILF DQG WUDGLWLRQDO NQRZOHGJH�
WHFKQRORJLFDO SRVVLELOLWLHV� DQG IXQGLQJ SURVSHFWV DQG FRQVWUDLQWV� 7KHVH HOHPHQWV DUH FDOOHG �6L[
3LOODUV RI *RYHUQDQFH�� 3DUWLFLSDWLQJ LQ WKH ,/%0�IHDWXUHG SURJUDPV� WKH WUDLQHHV DUH H[SHFWHG WR
VWUHQJWKHQ WKHLU FDSDFLW\ WR DSSO\ WKH FRQFHSW RI ,/%0 IRU PHHWLQJ WKHLU ODNH EDVLQ PDQDJHPHQW
FKDOOHQJHV�ZKLFK�RULJLQDWH�IURP�WKH�SURGXFWV�RI�PXOWL�OD\HUHG�DQG�FRPSOLFDWHG�KXPDQ�DFWLYLW\�
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�
.(<:25'6��,/%0��/$.(���%$6,1

,QWHJUDWHG /DNH %DVLQ 0DQDJHPHQW �,/%0� IUDPHZRUN IDFLOLWDWHV JRRG JRYHUQDQFH 	 VXVWDLQDEOH
PDQDJHPHQW RI ODNH 	 LW¶V EDVLQ� ,/%0 LV EHLQJ SXW WR SUDFWLFH ZLWK YDULRXV GHJUHH RI VXFFHVV LQ
6RXWK $VLD � ,Q WKH SUHVHQW FDVH VWXG\� DSSOLFDWLRQ RI VL[ SULQFLSOHV RI WKH ,/%0 IUDPHZRUN� LQ �
ZHWODQGV IURP ,QGLD L�H� 3XVKNDU� 8GDLVDJDU� %KRM� 8MDLQL� 1RUWK 6DJDU �+XVVDLQ 6DJDU � &KLOLND 	
3RZDL � D PL[ RI QDWXUDO DQG PDQPDGH ODNHV LV DQDO\]HG DQG WKH IROORZLQJ DUH WKH RXWFRPH� $Q
HQDEOLQJ� DGDSWLYH LQVWLWXWLRQ ZLWK DELOLW\ WR ZRUN DW PXOWLSOH VFDOHV DQG HQJDJH ZLWK GLYHUVH
VWDNHKROGHUV� KDUPRQL]HG ZLWK SROLF\ VXSSRUW OHDGV WR JRRG JRYHUQDQFH 	 VXVWDLQDELOLW\�
,QYHVWPHQW LQ UHVWRUDWLRQ RI ODNH 	 LWV EDVLQ FDQ OHDG WR HQKDQFHPHQW RI HFRV\VWHP VHUYLFHV�
DPHOLRUDWLRQ RI ELRGLYHUVLW\� PDNLQJ WKH V\VWHP UHVLOLHQW� HQVXULQJ VXVWDLQDELOLW\� 3DUWLFLSDWRU\
UHVHDUFK KHOSV LQ FRQQHFWLQJ HFRV\VWHP WR WKH VWDNHKROGHUV 	 LQ WUDQVODWLQJ VFLHQWLILF ILQGLQJV LQWR
SUDFWLFH UHVXOWLQJ LQ UHVRXUFH HIILFLHQW DQG LQFOXVLYH PDQDJHPHQW� 7KH HFRV\VWHP KHDOWK UHSRUW
FDUG DGRSWHG LQ &KLOLND /DNH LV DQ H[FHOOHQW WRRO IRU DVVHVVPHQW RI LPSDFWV 	 HIIHFWLYHQHVV RI ,/%0
DQG FRPPXQLFDWLRQ DW UHJXODU LQWHUYDO� WR D ZLGH DXGLHQFH L�H� IURP SROLF\ PDNHUV WR WKH ORFDO
FRPPXQLWLHV LQ D VLPSOH IRUPDW� )URP WKH DERYH DQDO\VLV LW LV LQIHUUHG WKDW ,/%0 LV LQ LWVHOI DQ
HIIHFWLYH SODQQLQJ DQG HYDOXDWLRQ WRRO� KRZHYHU LQWHJUDWLRQ RI WKH OLYHOLKRRG 	 VWURQJ HPEHGGHG
VRFLR�FXOWXUH�HOHPHQWV��KHDUW�ZDUH��FRXOG�PDNH�LW�DQ�HIIHFWLYH�	�VXVWDLQDEOH�LQ�,QGLDQ�FRQWH[W�
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.HQ\D� DV D GHYHORSLQJ QDWLRQ LV IDFLQJ LQWHQVH SUHVVXUH WR LQGXVWULDOL]DWLRQ DQG XUEDQL]DWLRQ�
7KHUH LV VWUXJJOH WR FUHDWH MREV IRU WKH XQHPSOR\HG \RXWK ZKLFK IRUPV DERXW ��� RI WKH WRWDO
SRSXODWLRQ� $V D UHVXOW� WKHUH LV VHULRXV LPSDFW RQ QDWXUDO UHVRXUFHV GXH WR SURPRWLRQ RI LQWHQVLYH
DJULFXOWXUH DV ZHOO DV WKH XUEDQL]DWLRQ SURFHVV� 7KHVH SURFHVVHV FRXSOHG ZLWK FOLPDWH FKDQJH
KDYH QHJDWHG HQYLURQPHQWDO FRQVHUYDWLRQ HIIRUWV� 7KH *RYHUQPHQW RI .HQ\D¶V DQQXDO EXGJHW LV
VNHZHG WRZDUGV GHYHORSPHQW ZLWK LQIUDVWUXFWXUH WDNLQJ WKH ODUJHVW VKDUH DQG HQYLURQPHQWDO
FRQVHUYDWLRQ WDNLQJ WKH OHDVW� 7KHUH LV QR EXGJHWDU\ DOORFDWLRQ IRU ODNH FRQVHUYDWLRQ LQ SDUWLFXODU�
7KH GRQRU IXQGV DUH DOVR UHOHDVHG DFFRUGLQJ WR VSHFLILF LQWHUHVWV� 7KH FRPPXQLWLHV OLYLQJ ZLWKLQ WKH
ODNH EDVLQ FRQWLQXH WR XQVXVWDLQDEO\ KDUYHVW WKH QDWXUDO UHVRXUFHV IRU WKHLU LPPHGLDWH JDLQ DQG IDLO
WR FRQVLGHU WKH ORQJ WHUP GDQJHUV� 3RRU DJULFXOWXUDO SUDFWLFHV DQG ODQG WHQXUH V\VWHP KDV
FRPSOLFDWHG WKH SURWHFWLRQ RI GHOLFDWH KDELWDWV� 26,(1$/$ �)ULHQGV RI /DNH 9LFWRULD�� FRJQL]DQW RI
WKH IDFW WKDW ODNH FRQVHUYDWLRQ UHTXLUHV PXOWL VWDNHKROGHU DSSURDFK� LV LQ WKH SURFHVV RI GHYHORSLQJ
DQ ,/%0 SODWIRUP IRU 1\DQ]D *XOI� 7KH RUJDQL]DWLRQ KDV IRUJHG DOOLDQFHV DQG SDUWQHUVKLSV ZLWK
/9%&� &RXQW\ JRYHUQPHQWV LQ WKH ODNH FDWFKPHQW� XQLYHUVLWLHV� .0)5,� /9(03 ,,� &62V DPRQJ
RWKHUV ZKLFK DUH NH\ LQ FRQVHUYDWLRQ RI WKH JXOI� 7KLV SDSHU VHHNV WR KLJKOLJKW WKH FKDOOHQJHV RI
,/%0 SODWIRUP GHYHORSPHQW SURFHVV� VKRZFDVH WKH HIIRUWV PDGH VR IDU E\ GLIIHUHQW VWDNHKROGHUV
WRZDUGV WKH GHYHORSPHQW RI ,/%0 SODWIRUP IRU 1\DQ]D *XOI ZLWK &RPPXQLW\ 'ULYHQ 'HYHORSPHQW
�&''V� VXE SURMHFWV XQGHU /9(03 ,, DV WKH FHQWHU RI IRFXV DQG RXWOLQH WKH IXWXUH RI ,/%0 SODWIRUP
GHYHORSPHQW�IRU�1\DQ]D�*XOI�
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,EDUDNL�3UHIHFWXUH��'HSDUWPHQW�RI�&LYLO�$IIDLUV�DQG�WKH�(QYLURQPHQW��(QYLURQPHQWDO�0DQDJHPHQW�'LYLVLRQ�
-DSDQ
�
.(<:25'6��,%$5$.,�35()(&785$/�*29(510(17��/$.(�.$680,*$85$��/2&$/�7$;

7KH ,EDUDNL 3UHIHFWXUDO *RYHUQPHQW LQ -DSDQ LQWURGXFHG D ORFDO WD[ FDOOHG WKH k¼°)RUHVW DQG /DNH
(QYLURQPHQW &RQVHUYDWLRQ 7D[k¼ LQ ����� ,W LV XVHG DV D ILQDQFLDO VRXUFH WR FRQVHUYH IRUHVWV DQG
ODNHV LQFOXGLQJ /DNH .DVXPLJDXUD� WKH VHFRQG ODUJHVW ODNH LQ -DSDQ� ,WV DQQXDO WD[ UDWH LV �����
\HQ SHU SHUVRQ IRU LQGLYLGXDOV DQG ��� RI WKH SUHIHFWXUDO FRUSRUDWH WD[ IL[HG DPRXQW IRU FRUSRUDWH
ERGLHV� 7KH DQQXDO UHYHQXH RI WKH WD[ LV DERXW ��� ELOOLRQ \HQ� :LWK LWV UHYHQXH� WKH ,EDUDNL
3UHIHFWXUDO *RYHUQPHQW KDV FUHDWHG JUDQWV IRU IRUHVW PDQDJHPHQW IRU DFWLYLWLHV VXFK DV FXWWLQJ
DQG WUHH WKLQQLQJ� DORQJ ZLWK JUDQWV IRU FRQQHFWLRQ WR VHZDJH V\VWHPV DQG IRU WKH LQWURGXFWLRQ RI
KLJK�TXDOLW\ VHSWLF WDQNV� ,Q DGGLWLRQ� WKH ,EDUDNL 3UHIHFWXUDO *RYHUQPHQW VXSSRUWV HQYLURQPHQWDO
SUHVHUYDWLRQ DFWLYLWLHV E\ UHVLGHQW JURXSV WKURXJK WKLV WD[ UHYHQXH� $V D UHVXOW RI WKHVH HIIRUWV DQG
RWKHU PHDVXUHV XVLQJ GLIIHUHQW ILQDQFLDO UHVRXUFHV� WKH &2' OHYHO RI /DNH .DVXPLJDXUD KDV
LPSURYHG�IURP����PJ�/�LQ�ILVFDO�\HDU��)<�������WR����PJ�/�LQ�)<������
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6KULVKWL�(FR�5HVHDUFK�,QVWLWXWH��6(5,���3XQH��,QGLD
�
.(<:25'6��3$6+$1�/$.(��:$7(5�*29(51$1&(��38%/,&�3$57,&,3$7,21

,Q WKH FRQWHPSRUDU\ ZRUOG� OHQWLF HFRV\VWHPV DUH VWUHVVHG E\ HQFURDFKPHQW� DEVWUDFWLRQ DQG
ZHLJKHG GRZQ E\ HQRUPRXV SROOXWLRQ ORDGV� 3XQH¶V PLJUDWRU\ DYLDQ VSHFLHV¶ ZLQWHU VRODFH ±
3DVKDQ /DNH LV VHYHUHO\ VWUDLQHG GXH WR GHYHORSPHQW LQ WKH FDWFKPHQW RYHU D SHULRG IRU PRUH WKDQ
WZR GHFDGHV� 5HVLGHQWLDO DQG FRPPHUFLDO LQIUDVWUXFWXUHV GHYHORSHG LQ WKH XSVWUHDP RI 3DVKDQ
/DNH KDV UHVXOWHG LQ VHZDJH LQJUHVV� LQFUHDVHG IODVK IORRGV� JURZWK RI QRQ�QDWLYH VSHFLHV DQG
XQZDQWHG ZHHGV� UHGXFWLRQ LQ ELRGLYHUVLW\� DQG JUDGXDOO\ GHFUHDVHG ZDWHU TXDOLW\� ,Q WKLV SDSHU�
VFHQDULR DQDO\VLV LV GRQH WR HYDOXDWH WKH FXUUHQW JRYHUQDQFH LQ UHJXODWLQJ WKH LQIUDVWUXFWXUDO
GHYHORSPHQW ZKLOH SURWHFWLQJ WKH QDWXUDOQHVV RI WKH ODNH RQ WKH EDVLV RI YDULRXV KXPDQ
GHYHORSPHQW VFDOHV DQG LQGLFHV� $WWHPSW KDV EHHQ PDGH WR DSSUDLVH WKH SXEOLF RSLQLRQ DQG
DWWLWXGH WRZDUGV WKH ODNH JRYHUQDQFH IRU WKH UHVWRUDWLRQ RI GLVWXUEHG HQYLURQPHQWDO� K\GURORJLFDO
DQG VRFLDO SURFHVVHV DQG KDUPRQ\ LQ WKH FDWFKPHQW RI 3DVKDQ /DNH� ,W LV QRWDEOH WKDW WKHUH ZDV
H[SUHVVLRQ RI JLYLQJ HQRXJK OHJURRP IRU SXEOLF SDUWLFLSDWLRQ LQ GHFLVLRQ ± PDNLQJ SURFHVV IRU WKH
ULYHU�DQG�ODNH�UHVWRUDWLRQ�SURMHFWV��
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&HQWUDO�3ROOXWLRQ�&RQWURO�%RDUG��1HZ�'HOKL��,QGLD

6KULVKWL�(QYLURQPHQW�DQG�6XVWDLQDELOLW\�6RFLHW\��6(66���3XQH��,QGLD
�
.(<:25'6��32/,&<�5()2506��,1�675($0�75($70(17��(&2/2*,&$/�5(6725$7,21

(YHU\ GD\� ELOOLRQV RI OLWUHV RI LQDGHTXDWHO\ WUHDWHG VHZDJH� LQGXVWULDO DQG DJULFXOWXUDO ZDVWHV ODGHQ
ZLWK QXPHURXV FKHPRJHQV DQG SDWKRJHQV DUH GLVFKDUJHG LQWR WKH ZRUOG¶V OHQWLF�ORWLF ZDWHU
V\VWHPV� :DWHU UHVRXUFHV DUH XQGHU VWUHVV RI H[SORLWDWLRQ� HQFURDFKPHQW DQG SROOXWLRQ GXH WR
XQSDUDOOHOHG SRSXODWLRQ JURZWK� DQG SDVVLRQDWH REVHVVLRQ RI WHFKQRORJ\ VDYY\ FRPIRUWV WKURXJK
FKDQJLQJ WKH QDWXUDOQHVV RI ZDWHUVFDSHV � ODQGVFDSHV� :DWHU FRQWDPLQDWLRQ RI QDWXUDO DTXDWLF
HFRV\VWHPV LV DIIHFWLQJ KXPDQV GLUHFWO\ E\ GHVWUR\LQJ VHOI�SXULILFDWLRQ FDSDFLW\ RI ZDWHU ERG\�
SULPDU\ SURGXFWLYLW\ FDXVLQJ LQMXULHV WR ELRGLYHUVLW\ WKDW DIIHFW IRRG FKDLQ� +\JLHQLFDOO\ VDIH DQG
DGHTXDWH IUHVKZDWHU LV FUXFLDO IRU WKH FRQWLQXHG H[LVWHQFH RI DOO OLYLQJ RUJDQLVPV DQG WKH VPRRWK
IXQFWLRQLQJ RI HFRV\VWHPV� FRPPXQLWLHV� DQG HFRQRPLHV� *LYHQ WKH SHUFHSWLRQ RI WKUHDW WR ZDWHU
UHVRXUFHV� ORFDO� UHJLRQDO K\GURORJLF F\FOHV DQG WKHLU QDWXUDO OLIH IRUPV� WKHUH LV D QHHG WR UH�LQVWDWH
WKH ZKROHVRPHQHVV� SXULW\� LQWHJULW\ RI WKH ZDWHU F\FOH FRQVLGHULQJ WKH PLFUR�ZDWHUVKHG DV EDVLF
XQLW RI KXPDQ�ZDWHU UHODWLRQVKLS� ,WV TXDOLWDWLYH FRQQHFWLRQ ZLWK KXPDQ KHDOWK DQG HFRQRPLF
GHYHORSPHQW KDYLQJ FRPPXQLW\ � JRYHUQDQFH OLQNV DQG UHVSRQVHV IRU HIIHFWLYH SURWHFWLRQ DQG
FRQVHUYDWLRQ QHHGV WR EH DVFHUWDLQHG WKURXJK ZLGH VSHFWUXP RI ULJKW WR ZDWHU VHFXULW\� ,Q WKLV
SDSHU� YDULRXV IDFWRUV DUH GLVFXVVHG WR HQDEOH WR HYROYH EDVLQ VSHFLILF SROLF\ IRU WKH HFRORJLFDO
UHVWRUDWLRQ RI SROOXWHG ZDWHU UHVRXUFHV IRU WKH VXVWDLQHG HFRQRPLF JURZWK RI WKH UHJLRQ DQG
VHFXULQJ�WKH�KHDOWK�RI�WKH�SRSXODWLRQ�
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6KULVKWL�(QYLURQPHQW�	�6XVWDLQDELOLW\�6RFLHW\��3XQH��,QGLD

6(78��3XQH��,QGLD

*D\DWUL�3DULZDU��3XQH��,QGLD
�
.(<:25'6��,17(5�*(1(5$7,21��,1&/86,9(��(19,5210(17�*29(51$1&(

:RUOG /DNH 9LVLRQ �:/9� UHVHUYRLU <HVKZDQWVDJDU� 8MMDQL� 6RXWK 0DKDUDVKWUD� ,QGLD LV D FODVVLF
FDVH RI GRZQVWUHDP UXUDO ZDWHU KXPDQ DQG FRQVWLWXWLRQDO ULJKWV WUDPSOHG E\ ODFXQDH LQ XSVWUHDP
XUEDQ SODQQLQJ RI HQWLUH FDWFKPHQW� ,QFOXVLRQ RI WKLV 8MMDQL /DNH LQ :RUOG /DNH 9LVLRQ LQ ���� KDV
V\QHUJL]HG LWV UHJLRQDO QHWZRUN SDUWQHUV DQG VWDNHKROGHUV WR FU\VWDOOL]H DQG LQWHJUDWH PXOWLSOH
IXQFWLRQDO UXUDO DQG XUEDQ JUHHQ LQLWLDWLYHV WRZDUGV VXVWDLQDELOLW\� %DVLQ VXVWDLQDELOLW\ DSSURDFK KDV
OHG WR V\QHUJL]H WKUHDGV RI QXPHURXV SDUWLFLSDWRU\ SURJUDPPHV RI UXUDO±UXUDO �ZDWHU ULJKWV
LQLWLDWLYH�� XUEDQ±UXUDO �ZDWHU IULHQGVKLS DQG FXOWXUH�� DQG XUEDQ±XUEDQ �5DPQDGL�ULYHU EDVLQ
JRYHUQDQFH IRU HFR�UHVWRUDWLRQ LQYROYLQJ JRYHUQPHQW LQVWLWXWLRQV�� ,Q WKLV SDSHU WKH UHIRUP SROLFLHV
DUH GHULYHG WKURXJK VWXGLHV RI LQWHQVLILHG HGXFDWLRQDO� FXOWXUDO� SURIHVVLRQDO� FRUSRUDWH� VRFLDO�
VFLHQWLILF� WHFKQRORJLFDO� VSLULWXDO� OHJLVODWLYH DQG JRYHUQDQFH DFWLRQV� IRU H[DPSOH� %KXNXP 9LOODJH�
:HOOV 5HYLYDO SURJUDPPH� 6DJDUPLWUD 5HF\FOLQJ ,QLWLDWLYH� 'HYQDGL /HJLVODWLYH ,QLWLDWLYH DQG WKH
5DMLY *DQGKL 3DUN *UHHQ�%ULGJH ,QLWLDWLYH KDYH WRJHWKHU IRUJHG WKH PRVW EDVLF OHYHOV RI
SDUWLFLSDWRU\ JRYHUQDQFH GHVLJQHG WR FUHDWH D FRPSUHKHQVLYH IRXQGDWLRQ RI OLIHVW\OH
WUDQVIRUPDWLRQV DFURVV DOO GLPHQVLRQV RI D ODNH EDVLQ SRSXODWLRQ� ,Q WKLV SDSHU� WKH QHHG RI LQWHU�
JHQHUDWLRQDO VWUDWHJLHV RI SDUWLFLSDWRU\ JRYHUQDQFH LV GLVFXVVHG HODERUDWLQJ WKH GHOLEHUDWH PHUJHU
RI UHSUHVHQWDWLYH�JRYHUQDQFH DQG DFFLGHQWDO�JRYHUQDQFH WRZDUGV LQFOXVLYH�HQYLURQPHQWDO�
JRYHUQDQFH�
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6RFLHW\�)RU�(QYLURQPHQWDO�(GXFDWLRQ�5HVHDUFK��6((5$0���,QGLD

1DXVKDGDOL�VDURYDU�VDQYDUGKLQL�0XPEDL��,QGLD

6RFLHW\�)RU�(QYLURQPHQWDO�(GXFDWLRQ�5HVHDUFK�6((5$0��3XQH��,QGLD��

6HV�VRFLHW\�3XQH��,QGLD
�
.(<:25'6��32//87,21�675(66��(&2120<��(19,5210(17$/�+($/7+

3ROOXWLRQ RI LQODQG IUHVKZDWHU V\VWHPV LV D JOREDO FKDOOHQJH KDYLQJ YHU\ FRPSOH[ UHIOHFWLRQ LQ VRFLR�
HFRQRPLF VWUXFWXUH RI WKH XSVWUHDP�GRZQVWUHDP VRFLHWLHV� 'LVFKDUJHV IURP WKH XSVWUHDP XUEDQ
DQG LQGXVWULDO JURZWK QRW RQO\ SROOXWH WKH VXUIDFH ZDWHUV EXW JURXQG ZDWHUV DOVR JHW SROOXWHG
VHYHUHO\� ,Q HUD RI JOREDO ZDUPLQJ� FKDQJLQJ FOLPDWLF WUHQGV DIIHFWLQJ WKH ZDWHU DYDLODELOLW\ LQ WKH
ZDWHU EDVLQV DOO RYHU WKH ZRUOG� LW LV HVVHQWLDO WR UHIRUP WKH VRFLR�HFRQRPLF SDUDGLJPV RI
GHYHORSPHQW� ,Q WKLV SDSHU� WKH VWXGLHV RI VRFLR�HFRQRPLF LPSDFWV RI FRQVWDQW� XQLQWHUUXSWHG
GLVSHUVDO RI SROOXWLRQ IURP SRLQW DQG QRQ�SRLQWV VRXUFHV RQ KHDOWK DQG DJUR�HFRQRPLFV LV
SUHVHQWHG ZLWK UHVSHFW WR WKH FDVH VWXG\ RI /XGKLDQD ± WKH LQGXVWULDO FLW\ LQ 3XQMDE 6WDWH RI ,QGLD�
3ROOXWLRQ FRQWURO PHDVXUHV DUH LQVXIILFLHQW WR WDFNOH WKH HYHU�LQFUHDVLQJ LQGXVWULHV DQG
VXEVHTXHQWO\ WKH SRSXODWLRQ OHDGLQJ WR VHYHU FRQWDPLQDWLRQ RI VXUIDFH ZDWHU ERGLHV ILQDOO\ HQGLQJ
LQWR /DNH +DULNH ± D WDLO HQG 5DPVDU :HWODQG� (QURXWH IURP /XGKLDQD FLW\ WR /DNH +DULNH WKH
SRSXODWLRQ DQG DJULFXOWXUH RQ WKH EDQNV RI VWUHDP UHFHLYH FRQWDPLQDWHG ZDWHU DIIHFWLQJ WKHLU KHDOWK
DQG HFRQRP\� ,W FDQ EH VWDWHG WKDW WKH VSUHDGLQJ RI FRQWDPLQDWLRQ WKURXJK WKH VXUIDFH�JURXQG
ZDWHU H[FKDQJHV KDV OHG WR YDULRXV ZDWHU ERUQH GLVHDVHV� $ERXW ��� RI WKH ������ SRSXODWLRQ LV
VXIIHULQJ IURP G\VHQWHU\ DQG YDULRXV DOLPHQWDU\ DLOPHQWV DQG �� RI WKH SRSXODWLRQ LV GLVWUHVVHG
GXH WR FDQFHUV� (FRQRPLFDOO\� WKH GRZQVWUHDP UXUDO SRSXODWLRQ LV VHYHUHO\ IDFLQJ SROOXWLRQ VWUHVV
GXH WR GHJUDGHG TXDOLW\ RI FURSV UHVXOWLQJ IURP XVH RI GLUW\ ZDWHU� ,W LV UHFRPPHQGHG WKDW WKH
GHYHORSPHQW SROLF\ QHHGV WR LQWHJUDWH ZLWK JRDOV RI DWWDLQLQJ UHJLRQDO HFRQRPLF VWDELOLW\
FRPPHQVXUDWH�ZLWK�HQYLURQPHQWDO�KHDOWK�DQG�SRSXODWLRQ�KHDOWK�
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(QYLURQPHQWDO�3ODQQLQJ�DQG�&RRUGLQDWLRQ�2UJDQL]DWLRQ��%KRSDO��,QGLD

(QYLURQPHQWDO�3ODQQLQJ�DQG�&RRUGLQDWLRQ�2UJDQL]DWLRQ��%KRSDO��,QGLD
�
.(<:25'6��6$&5('�/$.(6��:$7(5�*29(51$1&(��,17(*5$7('�0($685(6

5HYHUHQFH IRU (DUWK� :DWHU� $LU� )LUH� DQG 6N\� WKH ILYH FRQVWLWXHQWV RI QDWXUH DQG KXPDQ H[LVWHQFH
LV LQWHUZRYHQ LQ HWKRV RI ZDWHU JRYHUQDQFH IRU OLYLQJ LQ KDUPRQ\ ZLWK QDWXUH ± D ZD\ RI OLIH LQ ,QGLDQ
FXOWXUH� 'HFOLQH LQ WKH QDWXUH�KXPDQ UHODWLRQVKLS LQ WHFKQRORJLFDOO\ PRGHUQ ZRUOG KDV UHIOHFWHG LQ
WKH GHWHULRUDWLRQ RI QDWXUDO UHVRXUFHV� ,Q WKLV SDSHU� WKH VWUDWHJLHV IRU HYROYLQJ JRYHUQDQFH DQG
PDQDJHPHQW SODQ IRU VHYHQ VDFUHG ODNHV ORFDWHG DW WKH ZRUOG IDPRXV WHPSOH WRZQ DW DQ 8MMDLQ KDV
EHHQ GLVFXVVHG LQ WKH PLOLHX RI ,QGLDQ ZDWHU FXOWXUH� 7KHVH VHYHQ ODNHV QDPHO\ 5XGUD 6DJDU�
9LVKQX 6DJDU� .VKLU 6DJDU� *RYHUGKDQ 6DJDU� 3XUVKRWWDP 6DJDU� 5DWQDNDU 6DJDU DQG 3XVNDU
6DJDU FROOHFWLYHO\ NQRZQ DV 6DSWD 6DJDUV RU 6HYHQ 6DFUHG /DNHV DUH VWUXJJOLQJ IRU WKHLU VXUYLYDO
DV WKH ZDWHU TXDOLW\ LV GHWHULRUDWLQJ DQG TXDQWLW\ LV GHSOHWLQJ YHU\ IDVW GXH WR YDULHW\ RI
DQWKURSRJHQLF IDFWRUV� +HDY\ VLOWDWLRQ� SROOXWLRQ ORDG IURP SRLQW DUH QRQ SRLQW VRXUFHV� K\GURORJ\ RI
WKH FDWFKPHQW� VROLG :DVWH LQWUXVLRQ� ZHHG LQIHVWDWLRQ KXPDQ LQWHUYHQWLRQ LQ WKH IRUP RI UHOLJLRXV
DFWLYLWLHV DQG HQFURDFKPHQW LQ WKH FDWFKPHQW DUHD DUH VRPH RI WKH REYLRXV FDXVHV RI WKH
GHJUDGDWLRQ RI WKHVH ODNH V\VWHPV UHVXOWLQJ LQ UHGXFWLRQ LQ VWRUDJH FDSDFLW\� GHWHULRUDWLRQ RI ZDWHU
TXDOLW\� KXPDQ KHDOWK� ORVV RI OLYHOLKRRG RSSRUWXQLWLHV� :DWHU JRYHUQDQFH DQG PDQDJHPHQW
IUDPHZRUN IRU HIIHFWLYH LPSOHPHQWDWLRQ RI LQWHJUDWHG LQWHUYHQWLRQ PLWLJDWLRQ PHDVXUHV IRU UHYLYDO RI
WKHVH HQYLURQPHQWDOO\ LPSRUWDQW DQG UHOLJLRXVO\ VLJQLILFDQW VDFUHG ODNHV RI 8MMDLQ KDV EHHQ
SURSRVHG RQ WKH EDVLV RI RQ�VLWH VFLHQWLILF DQG HQJLQHHULQJ VWXGLHV RI WKH ORVV RI HQYLURQPHQWDO
TXDOLW\�RI�ODNH�V\VWHP�
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.(<:25'6��,17(*5$7('�$3352$&+��/(17,&�/27,&�*5281':$7(5�6<67(06��6867$,1$%/(�0$1$*(0(17�2)�/$.(�$1'
5,9(5�%$6,16

/DNH 7XUNDQD DQG /DNH 9ROWD �DQG WKHLU ULYHU EDVLQV DW ODUJH� DUH WUDQVERXQGDU\ EDVLQV DV WKH\ DUH
ERWK VKDUHG E\ VHYHUDO FRXQWULHV� $V /DNH 7XUNDQD LV WKH ODUJHVW SHUPDQHQW DULG ]RQH ODNH LQ WKH
ZRUOG� /DNH 9ROWD FUHDWHG E\ $NRVRPER GDP RULJLQDWHV IURP D QXPEHU RI VPDOO ULYHUV ZKLFK IORZ
GLUHFWO\ LQWR WKH ODNH EDVLQ� ,Q D FKDQJLQJ HQYLURQPHQW H[DFHUEDWHG E\ FRQVWDQW FOLPDWH
PRGLILFDWLRQV DQG LQFUHDVLQJ FRPSHWLWLRQ IRU ZDWHU XVHV GXH WR SRSXODWLRQ LQFUHDVH DQG HFRQRPLFDO
DFWLYLWLHV �ZDWHU IRU GRPHVWLF XVH� IRU DJULFXOWXUH DQG IRU HQHUJ\�� LW LV FUXFLDO IRU VXVWDLQDEOH
PDQDJHPHQW RI VXFK ULYHU DQG ODNH EDVLQV WR FDUHIXOO\ FRQVLGHU WKHLU LQWULFDWHG DQG LQWHUOLQNHG
OHQWLF�ORWLF�DTXLIHUV V\VWHPV� )XWXUH VROXWLRQV VKRXOG EH WR NQRZ KRZ WR H[SORLW VXUIDFH DQG
JURXQGZDWHU UHVRXUFHV WR DOOHYLDWH GRPHVWLF ZDWHU VKRUWDJH DQG DGGUHVV HFRQRPLF FKDOOHQJHV LQ
VXFK WUDQVERXQGDU\ ULYHUV�ODNHV V\VWHPV ZLWKRXW XVLQJ IUDJPHQWHG DSSURDFKHV ZLWK HDFK ULSDULDQ
FRXQWU\ KDYLQJ LWV RZQ ZDWHU PDQDJHPHQW SROLFLHV� 7KHUHIRUH� LW LV LPSRUWDQW WR DGRSW LQWHJUDWHG
DSSURDFK IRU WKH ORQJ WHUP FRQVHUYDWLRQ RI QDWXUDO UHVRXUFHV E\ LQYROYLQJ ORFDO SRSXODWLRQV DQG
WKURXJK WKH DSSOLFDWLRQ RI VFLHQWLILF PHWKRGV IRU LPSURYLQJ PDQDJHPHQW RI ERWK ODNH EDVLQV� :KLOH
/DNH 7XUNDQD DQG /DNH 9ROWD EDVLQV KDYH KLJK SRWHQWLDO IRU WKHLU GHYHORSPHQW� VRPH RI WKH NH\
FKDOOHQJHV IRU WKHLU VXVWDLQDEOH PDQDJHPHQW DUH WKH LPSRUWDQW GHJUDGDWLRQ RI ODQG� ZDWHU DQG
ELRGLYHUVLW\ UHVRXUFHV DV ZHOO DV WKH IUHVKZDWHU UHVRXUFHV RYHU DEVWUDFWLRQ IRU LUULJDWLRQ� WKH GDP
FRQVWUXFWLRQ HIIHFWV DQG WKH LPSDFWV RI FOLPDWH FKDQJH«7KH RSWLRQV IRU IXWXUH VROXWLRQV ZLWK
UHJDUG WR VXFK FKDOOHQJHV KDYH WR FRQVLGHU WKH GHYHORSPHQW RI FRPPRQ VWUDWHJLHV IRU VXVWDLQDEOH
PDQDJHPHQW RI WKH EDVLQV LQWHJUDWLQJ KXPDQ ZHOO�EHLQJ ZLWK QDWXUDO UHVRXUFHV PDQDJHPHQW�
)XUWKHUPRUH� DFKLHYLQJ HFR�HIILFLHQW DQG HIIHFWLYH ZDWHU XVH� HVSHFLDOO\ JLYHQ WKH SRWHQWLDO HIIHFWV
DQG LPSDFWV RI FOLPDWH FKDQJH DQG WKH DELOLW\ WR PHHW WKH JURZLQJ GHPDQG RI PDQ\ HFRQRPLF
DFWLYLWLHV IRU ZDWHU LV D QHFHVVLW\� WKH VDPH IRU FUHDWLQJ DQ DWPRVSKHUH RI SHDFH� KDUPRQ\ DQG
VHFXULW\ E\ DYRLGLQJ RU DOOHYLDWLQJ ERWK ORFDO FRPPXQLWLHV¶ ZDWHU DQG WUDQVERXQGDU\ UHODWHG
FRQIOLFWV�
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,QWHUQDWLRQDO�/DNH�(QYLURQPHQW�&RPPLWWHH��,/(&���-DSDQ
�
.(<:25'6��(&2<67(0�+($/7+��675(66��&$55<,1*�&$3$&,7<

/DNHV DUH PRUH YXOQHUDEOH WR VWUHVV WKDQ ULYHUV EHFDXVH RI WKH WKUHH OHQWLF IHDWXUHV � ,QWHJUDWLQJ
QDWXUH� /RQJ UHWHQWLRQ WLPH� DQG &RPSOH[ UHVSRQVH G\QDPLFV� $ ORW KDV EHHQ VDLG DERXW WKLV
YXOQHUDELOLW\ RI ODNHV DQG RWKHU OHQWLF ZDWHU V\VWHPV� EXW LWV PDQDJHPHQW LPSOLFDWLRQ LV RIWHQ
QHJOHFWHG LQ JOREDO ZDWHU GLVFXVVLRQ� ,Q WKLV SDSHU� WKH DXWKRU WULHV WR GLVFXVV WKH YXOQHUDELOLW\ RI
ODNH V\VWHP E\ FRPSDULQJ EDVLF IHDWXUHV RI ODNHV DQG ULYHUV DQG E\ FDWHJRUL]LQJ WKH VWUHVVHV SXW
RQ ODNHV LQWR WKUHH W\SHV � 1DWXUDO VWUHVV� +XPDQ�LQGXFHG VWUHVV� DQG 5HVSRQVLYH VWUHVV� 7KLV WKLUG
VWUHVV LV D UHVSRQVH RI D ODNH V\VWHP WKDW FRPHV WR WDNH HIIHFW VRPHWLPH DIWHU DFFXPXODWLRQ RI
+XPDQ�LQGXFHG VWUHVV ZLWKLQ WKH ODNH DQG LV WKH PDLQ UHDVRQ WKDW DFWLRQ GRHV QRW JLYH WKH GHVLUHG
HIIHFW� ,W ZLOO EH LOOXVWUDWHG KRZ WKHVH WKUHH VWUHVVHV DIIHFW WKH HFRV\VWHP KHDOWK RI ODNHV DQG WKHLU
HFRV\VWHP VHUYLFH SURYLVLRQ RYHUWLPH RQ WKH DVVXPSWLRQ WKDW LPSDLUPHQW RI HFRV\VWHP KHDOWK
EHFRPHV VHULRXV ZKHQ WKH VWUHVV OHYHO H[FHHGV WKH FDUU\LQJ FDSDFLW\ ± VRPH VWUHVV WROHUDQFH
OHYHO � RI ODNH V\VWHP� ,W ZLOO DOVR EH GLVFXVVHG WKDW DFWLRQ VKRXOG EH WDNHQ DV HDUO\ DV SRVVLEOH DQG
WKDW DFWLRQ VKRXOG FRQWLQXH WR VHH WKH VWUHVV OHYHO GRHV QRW JR EH\RQG WKH FDUU\LQJ FDSDFLW\� 7KLV
SUHYHQWLYH DSSURDFK UHTXLUHV D FRQVWDQW DQG FDUHIXO PRQLWRULQJ RI ODNHV DQG WKHLU HQYLURQPHQW
EHFDXVH ODNHV XVXDOO\ GR QRW VKRZ YLVLEOH FKDQJHV XQWLO VWUHVV OHYHO GRHV QRW H[FHHG WKHLU FDUU\LQJ
FDSDFLW\� ,W DOVR UHTXLUHV VFLHQWLILF NQRZOHGJH DQG XQGHUVWDQGLQJ DERXW YDULRXV SURFHVVHV WDNLQJ
SODFH�LQ�ODNHV�DQG�WKHLU�HIIHFWV�
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USSSDWHUQR#JPDLO�FRP�

�
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�
.(<:25'6��32/,&<�'(9(/230(17��3$57,&,3$725<�$&7,21�5(6($5&+��68%�:$7(56+('�$5($��67$.(+2/'(5
3$57,&,3$7,21

,QFOXVLYH� SDUWLFLSDWRU\ DSSURDFKHV WR SXEOLF SROLF\ GHYHORSPHQW DUH HPHUJLQJ DV D PHDQV WR
DGGUHVV FKDOOHQJHV DULVLQJ IURP WUDGLWLRQDO� WRS�GRZQ PHFKDQLVPV� ,Q 6DQWD 5RVD &LW\� /DJXQD LQ
WKH 3KLOLSSLQHV� <DPDQ QJ /DZD LV DQ LQLWLDWLYH WKDW HQFRXUDJHV SROLF\ µUHFLSLHQWV¶ LQ PHDQLQJIXOO\
FRQWULEXWLQJ WR WKH GHYHORSPHQW RI SROLF\ UHFRPPHQGDWLRQV IRU PDQDJLQJ HQYLURQPHQWDO ULVNV WR
IRRG DQG KXPDQ KHDOWK VHFXULW\� 7KH 6DQWD 5RVD &LW\ <DPDQ QJ /DZD ,QLWLDWLYH UHFRJQL]HV WKDW ���
VFLHQWLILF DQG ORFDO NQRZOHGJH DUH HTXDOO\ YDOXDEOH LQ SROLF\ GHYHORSPHQW� ��� VRFLDOO\
GLVDGYDQWDJHG SHRSOH DQG FRPPXQLWLHV WKHPVHOYHV DUH FDSDEOH RI DVVHVVLQJ� SODQQLQJ DQG
GHFLVLRQ PDNLQJ� ��� WKH VFLHQWLILF FRPPXQLW\ FDQ EH D FDWDO\VW IRU FKDQJH� DQG ��� ORFDO DQG
QDWLRQDO RIILFHV VKRXOG VWULYH WR SURPRWH 
YRLFH
 RYHU 
FRQWURO
 LQ SROLF\ GHFLVLRQ PDNLQJ� 7KLV SDSHU
GHVFULEHV WKH YDULRXV DFWLYLWLHV RI WKH 6DQWD 5RVD &LW\ <DPDQ QJ /DZD ,QLWLDWLYH� 5HVLGHQWV RI
ODNHVKRUH YLOODJHV DQG RIILFLDOV IURP DOO OHYHOV RI JRYHUQPHQW ZHUH HQJDJHG LQ YDULRXV W\SHV RI
DFWLYLWLHV� QDPHO\� SXEOLF FRQVXOWDWLRQV� FRPPXQLW\ DVVHPEOLHV� GLDORJXHV ZLWK SROLF\ GHFLVLRQ
PDNHUV� DQG VWDNHKROGHUV¶ IRUXP� 5HSUHVHQWDWLYHV RI YDULRXV VHFWRUV RI WKH FRPPXQLW\ WRRN SDUW LQ
WKH DFWLYLWLHV LQFOXGLQJ ILVKHUIRON� IDUPHUV� ZRPHQ OHDGHUV� YLOODJH KHDOWK ZRUNHUV� DPRQJ RWKHUV�
(LJKW LQWHUUHODWHG LVVXHV ZHUH LGHQWLILHG GXULQJ SXEOLF FRQVXOWDWLRQV� ZKLFK ZHUH UDQNHG LQ WHUPV RI
UHOHYDQFH DQG VHYHULW\ GXULQJ FRPPXQLW\ DVVHPEOLHV� ,Q WKH VWDNHKROGHUV¶ IRUXP� FRPPXQLW\
UHSUHVHQWDWLYHV GHVFULEHG SULRULW\ LVVXHV LQ WKH ODNHVKRUH� ��� FKDQJHV LQ OLYHOLKRRG� ��� SHUVLVWHQW
IORRGLQJ� ��� VROLG ZDVWH PDQDJHPHQW� DQG ��� KXQJHU DQG PDOQXWULWLRQ� *RYHUQPHQW RIILFLDOV
GLVFXVVHG FXUUHQW LQWHUYHQWLRQV DQG DYDLODEOH UHVRXUFHV WR DGGUHVV FRPPXQLW\�SULRULWL]HG LVVXHV�
7KH SDUWLFLSDWRU\ DSSURDFK HPSRZHUHG FRPPXQLWLHV ZLWK LQIRUPDWLRQ IRU KHDOWK\ VHWWLQJV� KHDOWK\
OLIHVW\OHV� DQG KHDOWK\ SRSXODWLRQV� HQFRXUDJHG FRPPXQLW\ LQLWLDWLYHV� DQG HQKDQFHG FRPPXQLW\
RZQHUVKLS RI VROXWLRQV WR HQYLURQPHQWDO LVVXHV� SDUWLFXODUO\ WKRVH UHODWHG WR /DJXQD /DNH� :LWK WKLV
PHFKDQLVP LQ SODFH� VWDNHKROGHUV IURP JUDVVURRWV WR WRS�OHYHO RIILFLDOV ZHUH UHSUHVHQWHG LQ
GLVFXVVLRQV UHOHYDQW WR SXEOLF SROLF\ GHYHORSPHQW� 5HSOLFDWLRQ RI WKH SDUWLFLSDWRU\ PHFKDQLVP LQ
RWKHU DUHDV LQ WKH 6LODQJ�6DQWD 5RVD VXE�ZDWHUVKHGV DQG� XOWLPDWHO\� LQ DOO VXE�ZDWHUVKHG DUHDV�
DQG�LWV�LQVWLWXWLRQDOL]DWLRQ�LQ�WKH�FLW\��UHJLRQDO��RU�QDWLRQDO�OHYHOV�DUH�UHFRPPHQGHG�
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,/(&�6FLHQWLILF�&RPPLWWHH��7H[DV�6WDWH�8QLYHUVLW\��86$

6RXWKHDVWHUQ�:LVFRQVLQ�5HJLRQDO�3ODQQLQJ�&RPPLVVLRQ��:DXNHVKD��:LVFRQVLQ��86$
�
.(<:25'6��0$1$*(0(17��38%/,&�3$57,&,3$7,21��67$.(+2/'(56

&RQWDLQLQJ PRUH WKDQ ��� RI WKH OLTXLG IUHVKZDWHU RQ RXU SODQHW¶V VXUIDFH� ODNHV �DUH XVHG WR PHHW
D ZLGHU UDQJH RI KXPDQ QHHGV WKDQ DQ\ RWKHU W\SH RI IUHVKZDWHU V\VWHP� 7KXV� PDQDJLQJ ODNHV
DQG WKHLU EDVLQV IRU VXVWDLQDEOH XVH UHTXLUHV FRQVLGHUDWLRQ RI D PXOWLWXGH RI VFLHQWLILF�
VRFLRHFRQRPLF DQG JRYHUQDQFH LVVXHV� 7R WKLV HQG� ,QWHJUDWHG /DNH %DVLQ 0DQDJHPHQW �,/%0� LV
D FRPSUHKHQVLYH DSSURDFK RULJLQDOO\ GHYHORSHG IRU PDQDJLQJ ODNHV DQG UHVHUYRLUV WKURXJK
JUDGXDO� FRQWLQXRXV DQG KROLVWLF LPSURYHPHQW RI EDVLQ JRYHUQDQFH� ,W HQFRPSDVVHV VXVWDLQHG
HIIRUWV DLPHG DW LPSURYLQJ VL[ JRYHUQDQFH µSLOODUV¶ �3ROLF\� ,QVWLWXWLRQV� 6WDNHKROGHUV� .QRZOHGJH�
7HFKQRORJ\� )LQDQFHV�� 7KH SUHVHQW VWXG\ GHPRQVWUDWHV WKDW ,/%0 LV DSSOLFDEOH QRW RQO\ WR OHQWLF
ZDWHU V\VWHPV �ODNHV DQG UHVHUYRLUV�� EXW DOVR WR WKH XSVWUHDP DQG GRZQVWUHDP ORWLF ZDWHU
V\VWHPV �ULYHUV DQG VWUHDPV� RI ZKLFK WKH\ DUH D SDUW� 7ZR ³&ULWLFDO :DWHU 3ODQQLQJ $UHD´
ZDWHUVKHGV LQ 3HQQV\OYDQLD �86$� DUH XVHG WR GHPRQVWUDWH WKLV DSSOLFDWLRQ� IRFXVLQJ RQ SXEOLF
SDUWLFLSDWLRQ ZLWKLQ WKH FRQWH[W RI WKH ,/%0 6WDNHKROGHU SLOODU� 7KH IHDVLELOLW\ RI DOWHUQDWLYH
PDQDJHPHQW RSWLRQV IRU WKHVH ZDWHUVKHGV DUH LGHQWLILHG DQG UDQNHG RQ WKH EDVLV RI ZDWHUVKHG
VWDNHKROGHU�SHUFHSWLRQV��DQG�WKH�OHVVRQV�OHDUQHG�LQ�WKH�HYDOXDWLRQ�SURFHVV�DUH�GLVFXVVHG�
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.DVXPLJDXUD�&LWL]HQV¶�$VVRFLDWLRQ��-DSDQ

.DVXPLJDXUD�&LWL]HQV¶�$VVRFLDWLRQ��-DSDQ

.DVXPLJDXUD�&LWL]HQV¶�$VVRFLDWLRQ��-DSDQ

.DVXPLJDXUD�&LWL]HQV¶�$VVRFLDWLRQ��-DSDQ

.DVXPLJDXUD�&LWL]HQV¶�$VVRFLDWLRQ��-DSDQ

.DVXPLJDXUD�&LWL]HQV¶�$VVRFLDWLRQ��-DSDQ
�
.(<:25'6��&,7,=(1�$&7,9,7<��,03529,1*�:$7(5�48$/,7<��(19,5210(17$/�/($51,1*

3HRSOH ZKR OLYH LQ WKH GUDLQDJH EDVLQ KDYH EHHQ ZRUULHG DERXW WKH ZDWHU TXDOLW\ GHWHULRUDWLRQ RI
/DNH .DVXPLJDXUD RYHU WKH ODVW IRXU GHFDGHV� 7KH PDLQ UHDVRQV RI GHWHULRUDWLRQ DUH ZDVWHZDWHU
GLVFKDUJHG IURP KRXVHKROGV� OLYHVWRFN� DJULFXOWXUDO ODQGV� IDFWRULHV� EXVLQHVV DQG XUEDQ DUHD�
7KHVH ZDWHUV DUH DFFRXQWHG PRUH WKDQ �� � RI WRWDO VRXUFHV DQG DUH DOO JHQHUDWHG DV WKH UHVXOWV
RI HDFK KXPDQ DFWLYLW\� 6LQFH WKH .DVXPLJDXUD &LWL]HQV¶ $VVRFLDWLRQ KDV EHHQ HVWDEOLVKHG LQ �����
ZH KDYH SHUIRUPHG YDULRXV DFWLYLWLHV WKDW UDLVH SXEOLF DZDUHQHVV IRU LPSURYLQJ ZDWHU TXDOLW\ DLPLQJ
WR VZLPPDEOH ODNH ZDWHU VXFK DV IRXO ZDWHU UHGXFWLRQ IURP KRXVHKROGV� (YHU\ \HDU ZH WDNH SODFH
VXPPHU�VFKRRO IRU FKLOGUHQ¶V HQYLURQPHQWDO OHDUQLQJ WKURXJK H[SHULHQFH DW /DNH .DVXPLJDXUD�
.DVXPLJDXUD $SSURYDO 7HVW WKDW OHDGV WR WKH FKDQFH IRU XQGHUVWDQGLQJ .DVXPLJDXUD¶V
HQYLURQPHQWDO SUREOHPV LQFOXGLQJ QDWXUH� JHRJUDSK\� KLVWRU\ DQG FXOWXUH HWF�� DQG ZDWHU IHVWLYDO
DLPLQJ WR UHVWRUH D VZLPPDEOH /DNH .DVXPLJDXUD FRRSHUDWHG ZLWK ORFDO FLWL]HQV� UHVHDUFKHUV�
LQGXVWULHV� DVVRFLDWLRQV DQG DGPLQLVWUDWLRQV DQG VR RQ� 7KURXJK WKHVH HYHQWV ZH DUH PDNLQJ HIIRUW
WR UDLVH SXEOLF DZDUHQHVV WR IHHO /DNH .DVXPLJDXUD LPSRUWDQW DQG WR EULQJ XS FKLOGUHQ WR
VXFFHVVRU�ZKR�ZLOO�SUHVHUYH�ZDWHU�HQYLURQPHQW�
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$NDQRL�ELZDNR�HQYLURQPHQWDO�FLWL]HQ
V�LQLWLDWLYHV��6KLJD��-DSDQ

:H DUH RQH RI VHYHUDO QRQ�JRYHUQPHQWDO FLWL]HQ¶V JURXSV VHHNLQJ WR LPSURYH DQG PDLQWDLQ WKH
ZDWHU TXDOLW\ RI /DNH %LZD� 0HPEHUV DUH IURP DOO ZDONV RI OLIH� DQG UDQJH LQ DJH IURP KLJK VFKRRO
VWXGHQWV WR UHWLUHG SHUVRQV� 0RVW RI RXU ��� PHPEHU JURXSV DUH FLWL]HQV RI 0RUL\DPD &LW\� 2XU
PDLQ DUHDV RI DFWLYLW\ DUH LQ 0RUL\DPD FLW\ LQ 6KLJD SUHIHFWXUH� 7KHUHIRUH ZH KDYH YDULRXV NLQGV RI
FROODERUDWLRQ ZLWK 0RUL\DPD &LW\ *RYHUQPHQW WR UHVWRUH WKH ZDWHU TXDOLW\ RI $NDQRL %D\ LQ WKH /DNH
ELZD�
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,3$,6$/��0DGULG��6SDLQ

,3$,6$/��0DGULG��6SDLQ
�
.(<:25'6��63$,1��&(175$/�$6,$��3$57,&,3$7,21

1DWXUH FRQVHUYDWLRQ HIIRUWV DUH XVXDOO\ VWHHUHG E\ WKH DXWKRULWLHV� ZKR SUHVHQW IDFWV DQG ILJXUHV WR
WKH SXEOLF LQ D UDWKHU GLVWDQW PDQQHU� 1*2V PD\ FRQWULEXWH WR WKHVH HIIRUWV E\ EULGJLQJ WKH JDS
EHWZHHQ WKH RIILFLDO SROLFLHV DQG WKH UHDO SHUFHSWLRQ DQG QHHGV RI WKH ORFDO FRPPXQLWLHV� ,3$,6$/�
WKH ,QVWLWXWH RI 6DOW +HULWDJH DQG 6DOWVFDSHV �6SDLQ�� KDV WULHG WR GLVVHPLQDWH WKH YDOXHV RI VDOLQH
ZHWODQGV IRU RYHU D GHFDGH E\ WUDGLWLRQDO PHWKRGV �SUHVHQWDWLRQV� SXEOLFDWLRQV� SDQHOV� H[KLELWV«��
ZLWK GLIIHUHQW UHVXOWV� :H DUH QRZ SURXG WR SUHVHQW 7UDQVVDOLQDV� DQ DPELWLRXV SURMHFW WKDW RIIHUV DQ
LQQRYDWLYH DSSURDFK WR HQKDQFH WKH FKDQFHV RI VXFFHVV RI ORQJ�WHUP VDOLQH ZHWODQG FRQVHUYDWLRQ
HIIRUWV� 7KH SURMHFW ZLOO XVH FRPPXQLW\ DUW DV D PHDQV WR HQJDJH ZLWK WKH ORFDO FRPPXQLWLHV DQG WR
PRWLYDWH WKHP WR SUHVHUYH WKHLU VDOLQH ZHWODQGV RI UHIHUHQFH� 7UDQVVDOLQDV ZLOO YLVLW IRXU VLWHV LQ
6SDLQ DQG &HQWUDO $VLD� FKRVHQ RQ WKH JURXQGV RI WKHLU FRPPRQ ELRJHRJUDSKLFDO RULJLQ� DV ZHOO DV
WKHLU VLPLOLWXGHV RI WKH WKUHDWV DQG FKDOOHQJHV WKH\ IDFH� 7KH SURMHFW ZLOO WKHQ UHFRUG WKH VRXQGV RI
WKH KHDUWV RI WKH ORFDO UHVLGHQWV LQ HDFK VLWH ±V\PEROLVLQJ WKHLU HPRWLRQV± DQG WKH VRXQGV RI WKH
WUDLQV WKDW ZLOO PRYH WKH SURMHFW IURP RQH VLWH WR WKH QH[W ±V\PEROLVLQJ WKH YHVVHOV WKDW MRLQ WKH
KHDUWV RI HDFK FRPPXQLW\� 7KH VRXQGV ZLOO WKHQ EH WUDQVIRUPHG LQWR D YLVXDO LQVWDOODWLRQ� EDVHG RQ
WKH VFLHQFH RI F\PDWLFV� $V D UHVXOW� WKH SXEOLF ZLOO VHH WKHLU KHDUWEHDWV YLEUDWLQJ RQ WKH VXUIDFH RI
WKH ZDWHU DQG KRSHIXOO\ IHHO OLQNHG WR WKH ZHWODQG LQ D YHU\ EDVLF EXW GHHS UXQQLQJ PDQQHU� 7KH
LQVWDOODWLRQ LV YLVXDOO\ VWURQJ EXW HSKHPHUDO� OHDYLQJ QR LPSDFW RU WUDFHV EHKLQG� H[FHSW IRU WKH
DXGLRYLVXDO UHJLVWUDWLRQ RI WKH HYHQW� 7KH SURMHFW LV VWURQJO\ EDVHG RQ FRPPXQLW\ SDUWLFLSDWLRQ DQG
KRSHV WR HQJDJH WKHP ERWK ZLWK WKH FRQVHUYDWLRQ RI WKHLU ZHWODQGV� DV ZHOO DV ZLWK HDFK RWKHU� 7KH
XOWLPDWH DLP RI WKH SURMHFW LV WR VWUHQJWKHQ WKH VHQVH RI EHORQJLQJ WR WKH VLWHV DQG UDLVH DZDUHQHVV
RI�WKH�LPSRUWDQFH�RI�WDNLQJ�WKH�FRPPXQLWLHV¶�IHHOLQJV�LQWR�DFFRXQW�ZKHQ�SUHVHUYLQJ�QDWXUH��
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�7�(�,��RI�6WHUHD�+HOODV��.DUSHQLVVL��*UHHFH

�7�(�,��RI�6WHUHD�+HOODV��.DUSHQLVVL��*UHHFH

$VVRVLDWH�3URIHVVRU
�
.(<:25'6��9,(:6��/$.(�2)�602.2926��0(7$0253+26,6�0$56+��.12:/(1'*(

$ YHU\ ULFK ELRGLYHUVLW\ LV LQVXUHG E\ WKH ZHWODQGV DQG DOVR VDWLVI\ D ELJ QXPEHU RI KXPDQ
UHTXLUHPHQWV LQ WKH ZLGHU DUHD� 7KH PDLQ LQVWUXPHQW IRU WKH SUHVHUYDWLRQ DQG WKH ELJJHVW EHQHILW RI
ZHWODQG HFRV\VWHPV LV WKH SURSHU DGPLQLVWUDWLRQ RI WKHP� *UHHFH DV FRXQWU\ KDV D ELJ QXPEHU RI
ZHWODQGV DQG LV PHPEHU RI 5DPVDU DJUHHPHQW� 3XUSRVH RI WKLV UHVHDUFK LV WKH LQYHQWRU\ DQG
GHYHORSPHQW RI WKH ORFDO UHVLGHQWV NQRZOHGJH LQ WZR ZHWODQGV RI WKH ZLGHU DUHD LQ UHJLRQ RI
.DUGLWVD� LQ FHQWUDO *UHHFH� DUWLILFLDO ODNH RI 6PRNRYRV DQG 0HWDPRUSKRVLV PDUVK� 7KURXJK
HFRORJLFDO DQG VRFLDOHFRQRPLFDO YLHZ LW LV DERXW WZR VLJQLILFDQW ZHWODQGV LQ FHQWUDO *UHHFH� )RU WKH
DFKLHYHPHQW RI WKLV SXUSRVH LW ZDV UHDOL]HG UHVHDUFK ZLWK WKH XVH RI VWUXFWXUHG TXHVWLRQQDLUHV LQ
WKH SHULRG RI DXWXPQ ���� WR VSULQJ ���� DQG VDPSOH RI ��� WHHQDJHU UHVLGHQWV LQ WKH ZLGHU DUHD
RI WKH DERYH ZHWODQGV HFRV\VWHPV� ,W ZDV H[DPLQHG WKH H[LVWHQFH RI GLIIHUHQFHV DW WKH OHYHO RI WKH
NQRZOHGJH RI WKH VDPSOH IRU DUWLILFLDO ODNHV JHQHUDOO\ DQG IRU DUWLILFLDO ODNH RI WKHLU DUHD DV D UDFH�
7HHQDJHUV RI WKH ZLGHU DUHD RI 0HWDPRUSKRVLV PDUVK KDG KLJKHU DYHUDJH LQ FRQQHFWLRQ ZLWK
WHHQDJHUV RI 6PRNRYRV ODNH� $OVR JLUOV ZKR OLYH DW WKH ZLGHU DUHD RI 0HWDPRUSKRVLV PDUVK KDYH
KLJKHU DYHUDJHV LQ FRQQHFWLRQ ZLWK ER\V RI WKH DUHD� -XVW WKH RSSRVLWH KDSSHQV DW WKH DUHD RI
6PRNRYRV�ODNH��%XW�WKHVH�ILQGLQJV�KDVQ¶W�FRQILUPHG�VWDWLVWLFDOO\
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�
�
.(<:25'6���.$%$7$��&20081,7<�%$6('�25*$1,=$7,216��(&2785,60

+DULH 'LVWULFW� 7DNDVKLPD &LW\� LV ORFDWHG RQ WKH QRUWKZHVWHUQ VKRUH RI /DNH %LZD� 7KLV GLVWULFW LV
ZHOO HQGRZHG ZLWK FOHDQ ZDWHU� ZKLFK LV IORZLQJ IURP VSULQJV RQ WKH YHU\ JURXQGV RI KRXVHKROGV�
0DQ\ RI WKH DSSUR[LPDWHO\ ��� KRXVHV WKHUH KDYH D IHDWXUH XQLTXH WR WKH DUHD NQRZQ DV ³NDEDWD´
�OLWHUDOO\� HGJH RI D ULYHU� ZKHUHE\ UHVLGHQWV PDNH XVH RI WKHVH VSULQJV LQ WKHLU GDLO\ OLYHV� %HLQJ
DZDUH RI WKH LPSRUWDQFH RI WKH ZDWHU EHLQJ DV WKH FRPPRQ SURSHUW\ RI WKH HQWLUH DUHD� WKH
&RPPLWWHH RI +DULH 6KR]X 9LOODJH� D FRPPXQLW\�EDVHG RUJDQL]DWLRQ ZKLFK ORFDO UHVLGHQWV IRUP�
FRQGXFWV DFWLYLWLHV WR SUHVHUYH WKH ZDWHU HQYLURQPHQW DQG SURYLGHV YLVLWRUV ZLWK JXLGHG WRXUV ZKLFK
FUHDWH SURILWV� 7KH 'LVWULFW DQQXDOO\ DFFHSWV DOPRVW ������ YLVLWRUV� %HLQJ KLJKO\ UHFRJQL]HG DV RQH
RI WKH PRVW VXFFHVVIXO FDVHV RI HFRWRXULVP LQ -DSDQ� WKH &RPPLWWHH UHFHQWO\ ZRQ *UDQG 3UL]H DW
�WK (FRWRXULVP $ZDUGV FR�RUJDQL]HG E\ 0LQLVWU\ RI WKH (QYLURQPHQW� -DSDQ� DQG WKH -DSDQ
(FRWRXULVP�6RFLHW\�
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$VWLWYD�)RXQGDWLRQ��%KDQGZDOL�'LVWULFW�6DWDUD��0DKDUDVKWUD�6WDWH��,QGLD

6KULVKWL�(QYLURQPHQW�DQG�6XVWDLQDELOLW\�6RFLHW\��6(66���3XQH��,QGLD�
�
.(<:25'6��5(-89(1$7,21��$57,),&,$/�/$.(��38%/,&�3$57,&,3$7,21

9LOODJHUV DW %KDQGZDOL GLVWULFW 6DWDUD LQ 0DKDUDVKWUD KDV VXFFHVVIXOO\ UHYLYHG DQ DUWLILFLDO ODNH
KDYLQJ VSUHDG DERXW �� KD LQ RQH PRQVRRQ �UDLQ\ VHDVRQ� F\FOH� ,W ZDV GHYHORSHG LQ ���� EXW
QHYHU ILOOHG ZLWK ZDWHU VLQFH LQFHSWLRQ� $ERXW ���� UXUDO SRSXODWLRQ ZLWK JXLGDQFH IURP ZDWHU
FRQVHUYDWLRQLVWV MRLQHG KDQGV LQ WKLV HIIRUW WR SURWHFW DQG FRQVHUYH WKHLU ZDWHU ERG\ LQ RUGHU WR
PDNH ZDWHU DYDLODEOH IRU YLOODJH� LUULJDWLRQ DQG DTXDWLF HFRV\VWHP -XQH ����� 9LOODJHUV GHVLOWHG WKH
EDVLQ DERXW � NP DQG UHFRQVWUXFWHG �� P ORQJ EXQG DJDLQ� ,Q WKH HQG RI ILUVW UDLQ\ VHDVRQ LQ
6HSWHPEHU� WKH ZDWHU FROOHFWHG WR WKH WXQH RI ��� PLOOLRQ OLWHUV DW WKH FRVW OHVV WKDQ ����� SHU FX P�
7KHVH VRFLDO HIIRUWV UHYLYHG DERXW �� ZHOOV LQ ��� NLORPHWHU GLVWDQFH ORQJLWXGLQDOO\ DQG GRZQVWUHDP
EXQG UHPDLQHG IXOO RI ZDWHU WLOO WKH VXPPHU� 7KLV ODNHZDWHU ZDV XVHG WR LUULJDWH DERXW ��� KD
WKHUHE\ DOOHYLDWLQJ WKH LPSDFW RI � \HDUV¶ GURXJKW FRQGLWLRQ DQG LPSURYHG DJULFXOWXUDO SURILWV E\ ��
WLPHV� 7KHUHIRUH� WKLV VRFLDO ± ODNH UHODWLRQVKLS ZLWK WUDGLWLRQDO NQRZOHGJH RI ZDWHU ERG\ UHYLYDO KDV
LPSURYHG�OLYHOLKRRG�RI�WKH�SRRU�YLOODJHUV�LQ�MXVW�RQH�\HDU�ZKLFK�ZLOO�EH�UHSOLFDWHG�LQ�QHDU�IXWXUH�
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06������&LWL]HQ�SDUWLFLSDWLRQ�LQ�ODNH�EDVLQ�PDQDJHPHQW

6KULVKWL�(QYLURQPHQW�	�6XVWDLQDELOLW\�6RFLHW\��3XQH��,QGLD

0DKDUDVKWUD�9LNDV�.HQGUD��3XQH��0DKDUDVKWUD��,QGLD
�
.(<:25'6��:$7(5�48$/,7<��(&2�32/,7,&6��6$)(�:$7(5

'HWHULRUDWLRQ RI ZDWHU TXDOLW\ RI 8MMDQL /DNH� WKH WDLO HQG UHVHUYRLU RQ %KLPD ULYHU ± D NQRZQ :RUOG
/DNH 9LVLRQ ZDWHU ERG\ ± LV WKH UHVXOW RI XSVWUHDP XQPDWFKHG� UDSLG XUEDQL]DWLRQ DQG LQGXVWULDO
JURZWK LQ ODVW WZR GHFDGHV� 7KLV KXJH ZDWHU ERG\ LQ 6RXWK 0DKDUDVKWUD LV XQGHU SROOXWLRQ VWUHVV
ZKLFK LV DIIHFWLQJ LWV TXDOLW\ DQG HFRORJ\� &RQVWDQW HIIRUWV IRU ZLGH VSUHDG DZDUHQHVV IURP D
GHFDGH KDYH FRQVROLGDWHG WKH SDUWLFLSDWRU\ DFWLRQ SODQ E\ LQYROYLQJ VWXGHQWV RI VFKRROV DQG
FROOHJHV LQ WKH UHJLRQ IRU VRFLDO DXGLWLQJ DQG ELRPRQLWRULQJ RI ZDWHU TXDOLW\ DQG HFRORJLFDO VWDWXV RI
WKH 8MMDQL /DNH� 7KH IHHGEDFN RI SXEOLF SDUWLFLSDWLRQ KDV OHG WR UDLVLQJ WKH LVVXHV RI ZDWHU TXDOLW\
LPSURYHPHQW LQ 8MMDQL FDWFKPHQW OHDGLQJ WR HFR�SROLWLFV RI LPSDFW RI SROOXWLRQ RQ FRPPXQLW\ KHDOWK�
$ FDUHIXO DVVHVVPHQW RI VRFLRHFRQRPLF DQG KHDOWK LVVXHV DPRQJ WKH SRSXODWLRQ DORQJ WKH
VKRUHOLQH GRZQVWUHDP RI XUEDQ GHYHORSPHQW KDV GRFXPHQWHG WKDW WKH SHRSOH KDYH EHFRPH
DWWHQWLYH DQG UHVSRQVLYH RI WKHLU QDWXUDO DQG KXPDQ ULJKW RI VDIH GULQNLQJ ZDWHU� 3HRSOH¶V
PRYHPHQW IRU ZDWHU VHFXULW\ KDV RXWOLQHG WKH SROLWLFDO DJHQGD LQ WKH UHJLRQ OHDGLQJ WR SODQQLQJ DQG
LQYHVWPHQWV IRU XUEDQ DQG LQGXVWULDO ZDVWHZDWHU WUHDWPHQW SODQWV LQ XSVWUHDP FLWLHV� ,Q WKLV SDSHU�
WKH RXWFRPHV RI VXUYH\V KDYH EHHQ GLVFXVVHG DUWLFXODWLQJ WKH GHPDQGV RI YLOODJHUV IRU VXVWDLQDEOH�
SURWHFWHG�DQG�SROOXWLRQ�±�IUHH�ZDWHU�VRXUFH�IRU�DJULFXOWXUH��SLVFLFXOWXUH�DQG�VHFXUHG�OLIH��
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06������&LWL]HQ�SDUWLFLSDWLRQ�LQ�ODNH�EDVLQ�PDQDJHPHQW

1*2��%DLNDO�,QIRUPDWLRQ�&HQWUH��*5$1���%XU\DWLD��5XVVLD
�
.(<:25'6��/$.(�%$,.$/��1*2��(19,5210(17$/

5ROH RI HQYLURQPHQWDO 1*2V LQ ODNH EDVLQ PDQDJHPHQW FDQ
W EH RYHUHVWLPDWHG� 5DQJH RI DFWLYLWLHV
IXOILOOHG E\ 1*2V LV TXLWH ZLGH� VWDUWLQJ IURP LPSOHPHQWLQJ HQYLURQPHQWDO SURMHFWV DLPHG DW VROYLQJ
YDULRXV HFRORJLFDO SUREOHPV RI ODNHV DQG WKHLU HFRV\VWHPV� RUJDQL]LQJ HQYLURQPHQWDO HGXFDWLRQ RI
ORFDO SRSXODWLRQ �FKLOGUHQ DQG DGXOWV� E\ PHDQV RI VHPLQDUV� HFR�FDPSV� HWF� SXEOLF DZDUHQHVV
UDLVLQJ FDPSDLJQV DQG ZDVWH FOHDQLQJ FDPSDLJQV� 1*2 ³%DLNDO ,QIRUPDWLRQ &HQWUH ³*5$1´
UHDOL]HG DOO RI WKH DERYH�PHQWLRQHG DFWLYLWLHV GXULQJ �� \HDUV RI ZRUN� :H FROOHFWHG LQIRUPDWLRQ
DERXW /DNH %DLNDO DQG HFRORJLFDO SUREOHPV LW IDFHV� SUHVHQWHG WKH LQIRUPDWLRQ DW QXPHURXV
PHHWLQJV �FRQIHUHQFHV� ZRUNVKRSV� VHPLQDUV� HWF� LQ 5XVVLD DQG DEURDG� ³*5$1´ LPSOHPHQWHG D
QXPEHU RI MRLQW LQWHUQDWLRQDO HFR�SURMHFWV ZLWK *OREDO 1DWXUH )XQG DQG RWKHU SDUWQHUV� 'XULQJ �
\HDUV ZH IXOILOOHG D PXQLFLSDO HQYLURQPHQWDO SURJUDPPH RQ HQYLURQPHQWDO HGXFDWLRQ DQG UDLVLQJ
DZDUHQHVV RI WKH ORFDO SRSXODWLRQ� ,Q ���� 1*2 ³%DLNDO ,QIRUPDWLRQ &HQWUH ³*5$1´ SXEOLVKHG D
WRRONLW IRU 3ULPDU\ DQG 0LGGOH *UDGH 6WXGHQWV ³%DLNDO %R[´� 7KH WRRONLW ZDV UHFRPPHQGHG E\ WKH
0LQLVWU\ RI (GXFDWLRQ DQG 6FLHQFH RI WKH 5HSXEOLF RI %XU\DWLD IRU XVH LQ VFKRROV DV SDUW RI WKH
VWDQGDUG HGXFDWLRQDO SURJUDPPH DQG VXSSOHPHQWDU\ SURJUDPPHV� 7KH ODVW � \HDUV ³*5$1´
IXQFWLRQV DV WKH 2SHUDWRU DQG 2UJDQL]HU RI WKH *UDQW 3URJUDPPH ³(YHU\ GURS 0DWWHUV ± /DNH
%DLNDO´ LQ 5XVVLD� ZLWK ILQDQFLDO VXSSRUW IURP 8QLWHG 1DWLRQV 'HYHORSPHQW 3URJUDPPH DQG WKH
&RFD�&ROD &RPSDQ\� 7KH 3URJUDPPH VXSSRUWV ORFDO LQLWLDWLYHV DLPHG DW UHGXFLQJ ZDWHU
FRQWDPLQDWLRQ� HFRWRXULVP GHYHORSPHQW� SURYLGLQJ DFFHVV WR FOHDQ GULQNLQJ ZDWHU� HWF� 7KXV� ORFDO
1*2V JHW D FKDQFH WR LQIOXHQFH ODNH EDVLQ PDQDJHPHQW WKURXJK LPSURYLQJ WKH H[LVWLQJ FRQGLWLRQV
DW�%DLNDO�
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06������&LWL]HQ�SDUWLFLSDWLRQ�LQ�ODNH�EDVLQ�PDQDJHPHQW

&RUD]RQ�GH�OD�7LHUUD�,QVWLWXWH�RI�(QYLURQPHQWDO�'HYHORSPHQW��0H[LFR�

&RUD]RQ�GH�OD�7LHUUD�,QVWLWXWH�RI�(QYLURQPHQWDO�'HYHORSPHQW
�
.(<:25'6��/$.(�&+$3$/$��(19,5210(17$/�('8&$7,21��%,5'6

/DNH &KDSDOD� 0H[LFR
V ODUJHVW QDWXUDO ODNH KDV EHHQ REMHFW RI SXEOLF DWWHQWLRQ GXULQJ GLIIHUHQW
K\VWRULFDO PRPHQWV� PRVWO\ UHODWHG WR ZDWHU VWRUDJH FULVLV� 7KHUH LV D ZLGH SHUFHSWLRQ WKDW WKH RQO\
LPSRUWDQW LVVXH UHJDUGLQJ ODNH
V HQYLURQPHQWDO KHDOWK LV LWV YROXPH� GHVSLWH WKH H[WHQVH YDULHW\ RI
HQYLURQPHQWDO VHUYLFHV SURYLGHG ERWK E\ WKH ZDWHUERG\ DQG LWV EDVLQ� ,Q RUGHU WR UDLVH DZDUHQHVV
DERXW LWV IXQFWLRQV DQG LPSRUWDQFH� ELUGV ELRGLYHUVLW\ ZDV VHOHFWHG DV WKH FRUH LVVXH RI DQ
HQYLURQPHQWDO HGXFDWLRQ SURJUDP� EHLQJ WKH /DNH &KDSDOD %LUGV )HVWLYDO WKH PRVW YLVLEOH DFWLYLW\�
ZKLFK LV KHOG HDFK 1RYHPEHU� WR FHOHEUDWH WKH DUULYDO RI ZDWHUIRZO FRPLQJ IURP 86$� &DQDGD DQG
&HQWUDO $PHULFD� 7KLV IHVWLYDO LQFOXGHV D VHW RI DFWLYLWLHV� LQFOXGLQJ DFDGHPLF� VSRUWV� FXOWXUDO DQG
HGXFDWLYH RQHV� ZKLFK DUH FRQGXFWHG ERWK LQ VFKRROV DQG RSHQ VSDFHV� DORQJ �� GD\V� ,W KDG $
VPDOO HIIHFW DW ILUVW HGLWLRQ �EDFN LQ ����� EXW LW TXLFNO\ EHFDPH D UHIHUHQFH IRU ODNHVKRUH GZHOOHUV
DQG YLVLWRUV� 'XULQJ ���� PRUH WKDQ ���� SHRSOH DWWHQWHG WKH IHVWLYDO DQG FORVH WR ��� WKRXVDQG
UHFHLYHG LQIRUPDWLRQ DERXW WKH ODNH�HFRV\VWHP� ELUGV FKDUDFWHULVWLFV DQG UHODWHG WKHPHV WKURXJK
PDVV�PHGLD DQG VRFLDO QHWZRUNV� $FWLYLWLHV DUH GHVLJQHG WR EH HQMR\DEOH DQG WR LQFOXGH FOHDU
UHIHUHQFHV DERXW ELUGV
 IHDWXUHV� KDELWDW� HFRORJLFDO UROHV� FXOWXUDO LPSRUWDQFH DQG FXUUHQW
VLW\XDWLRQ� DOO GLUHFWHG WR HQJDJH SXEOLF LQ FRQVHUYDWLRQ DFWLYLWLHV EHLQJ FRQGXFWHG E\ VHYHUDO
LQVWLWXWLRQV��LQFOXGLQJ�RXUV��
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06������&LWL]HQ�SDUWLFLSDWLRQ�LQ�ODNH�EDVLQ�PDQDJHPHQW

8QLYHUVLW\�RI�7KHVVDO\��*UHHFH

8QLYHUVLW\�RI�7KHVVDO\��*UHHFH
�
.(<:25'6��&5266�%25'(5��585$/�'(9(/230(17��/$.(

7KH GHYHORSPHQW RI DJULFXOWXUDO DUHDV� FKDUDFWHUL]HV WKH VHFWRUV RI WKH HFRQRP\� HFRORJ\ DQG
PDQDJHPHQW�$JULFXOWXUDO GHYHORSPHQW LV DQWKURSRFHQWULF� DQG HYHU\ VRFLHW\ KDV LWV RZQ QHHGV DQG
WKURXJK WKH SDUWLFLSDWLRQ RI WKH LQYROYHG JURXSV� FDQ DFKLHYH VXEVWDQWLDO FRRSHUDWLRQ ZLWK WKH
GHFLVLRQ�PDNLQJ FHQWHUV� )URP WKH RWKHU KDQG� PRXQWDLQ /DNH DUHDV� DUH DQ LPSRUWDQW SDUW RI
*UHHFH DQG UHTXLUH VSHFLDO GHVLJQ DQG GHYHORSPHQW SROLFLHV� DV WKH\ IDFH GXH WR
JHRPRUSKRORJLFDO FKDUDFWHULVWLFV� D VHULHV RI LQKLELWRUV� 2QH RI WKHP LV� WKH JHRJUDSKLFDO
LVRODWLRQ�&URVV ERUGHU UHJLRQV DUH HYHQ PRUH PXOWL DFWRU DQG PXOWL OHYHO VSDFHV WKDQ
LQVWLWXWLRQDOL]HG UHJLRQV LQ GHFHQWUDOL]HG VWDWHV� :LWKRXW DQ\ IRUPDO FRPSHWHQFLHV� FURVV ERUGHU
UHJLRQV DUH IXOO\ GHSHQGLQJ RQ VXFFHVVIXO JRYHUQDQFH ± SURFHVVHV WR FR�RUGLQDWH DQG GHYHORS
FRPPRQ DFWLYLWLHV� ,Q /DNH 3UHVSD �1DWXUD ����� RWKHU LQKLELWRU\ IDFWRUV� LV WKH FURVV ERUGHULQJ �
WKH DEVHQFH RI VSDWLDO SODQQLQJ� ZKLOH VKDUS LV WKH FXOWXUDO GLYHUVLW\� ,Q *HQHUDO� WKH VHFWRUV RI
DJULFXOWXUH DQG WRXULVP DUH WKH PDLQ PLFURILQDQFH GHYHORSPHQW PRGHO� 7KH SXUSRVH RI WKH
SURPRWLRQ RI UXUDO GHYHORSPHQW DQG SURVSHFWV EDVHG RQ SHUFHSWLRQV RI WKH UXUDO SRSXODWLRQ RI WKH
UHJLRQ RI 3UHVSD �8VXDOO\� FURVV ERUGHU HQYLURQPHQWDO SROLF\� FKDUDFWHUL]HG E\ D YHU\ KLJK GHJUHH
RI FRPSOH[LW\� 4XHVWLRQQDLUHV FRPSOHWHG E\ WKH UXUDO SRSXODWLRQ RI WKH UHJLRQ DQG DQDO\]HG WKURXJK
6366 ������� 6RPH ILUVW UHVXOWV VKRZLQJ WKDW WKH UXUDO SRSXODWLRQ LQ �
UHJLRQV�*UHHFH�$OEDQLD�)�<�5�2�0� FKDUDFWHUL]HV DV D SRVLWLYH UHODWLRQVKLS ZLWK WKH HFRV\VWHP�
ZKLOH IHDWXUHV DQG HQYLURQPHQWDO FRQVFLRXVQHVV� 7KH IDUPHUV EHOLHYH WKDW WKH UHJLRQ LV RQ WUDFN RI
JURZWK�EXW�QHHGV�LPSURYHPHQW��7KH�SURFHVVLQJ�RI�WKH�UHVXOWV�FRQWLQXHV�
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06������&LWL]HQ�SDUWLFLSDWLRQ�LQ�ODNH�EDVLQ�PDQDJHPHQW

'HSDUWPHQW�RI�*HRORJ\��1�(�6�6FLHQFH�&ROOHJH��1DQGHG��,QGLD

'HSDUWPHQW�RI�&LYLO�DQG�:DWHU�0DQDJHPHQW��6�*�*�6��,QVWLWXWH�RI�(QJL��	�7HFK��1DQGHG��,QGLD

'HSDUWPHQW�RI�&LYLO�DQG�:DWHU�0DQDJHPHQW��6�*�*�6��,QVWLWXWH�RI�(QJL��	�7HFK��1DQGHG��,QGLD

'HSDUWPHQW�RI�*HRORJ\��1�(�6�6FLHQFH�&ROOHJH��1DQGHG��,QGLD
�
.(<:25'6��-$/�',1',�5,9(5�75$,/���*2'$:$5,�5,9(5��:$7(5�$1$/<6,6

7KH *RGDZDUL ULYHU LV RQH RI WKH PDMRU ULYHUV RI ,QGLD� ,W RULJLQDWHV DW 1DVKLN LQ 6DK\DGUL �:HVWHUQ
*KDWV� UDQJHV RI 0DKDUDVKWUD � ,QGLD DQG JRHV WR %D\ RI %HQJDO DW 5DMPXQGUL RI $QGKUD 3UDGHVK�
,W WUDYHOV RYHU WKRXVDQGV RI NLORPHWUHV EHIRUH LW IRUPV GHOWD DW 5DMPXQGUL� ,W IHGV DJULFXOWXUH�
,QGXVWULHV DQG PDMRU GULQNLQJ ZDWHU UHTXLUHPHQWV RI0DKDUDVKWUD DQG $QGKUD 3UDGHVK VWDWHV� ,W KDV
PDLQ LPSDFW RQ FXOWXUH� UHOLJLRQ DQG SURJUHVV RI WKLV UHJLRQ� 7KH KRO\ *RGDZDUL 5LYHU LV VKULQNLQJ
GXH WR VDQG PLQLQJ� GDP VLOWLQJ� ZDWHU SROOXWLRQ DQG XUEDQ ZDVWH� 7KHUH LV QRW HYHQ PLQLPXP ULYHU
IORZ RYHU PDMRU SDUW RI WKLV ULYHU 7KH XUEDQ ZDVWH� ,QGXVWULDO ZDVWH� IHUWLOLVHUV XVHG IRU DJULFXOWXUH LV
SROOXWLQJ WKH ULYHU ZDWHU DQG JURXQGZDWHU RI WKLV UHJLRQ� 7KH WKUHH GD\V *RGD -DOGLQGL �5LYHU 7UDLO�
LV RUJDQL]HG WR JHQHUDWH DZDUHQHVV DERXW WKLV ULYHU � DPRQJ WKH SHRSOH OLYLQJ RQ WKH ULYHU EDQNV�
VSHFLDOO\ ZLWK UHIHUHQFH WR ZDWHU TXDOLW\� SROOXWLRQ VWDWXV� LPSDFW RQ KHDOWK DQG HFRORJ\ RI WKLV
UHJLRQ� 7KH 5LYHU WUDLO LV QHZ FRQFHSW EDVHG RQ WKH FXOWXUDO RU VSLULWXDO WUDLOV LQ WKH ,QGLD� /DNKV RI
SHRSOH SDUWLFLSDWH LQ VXFK WUDLOV� 7KH WUDLOV UXQ RYHU ���V RI NLORPHWHUV� 7KH URXWHLV LQ WKH EDFN
ZDWHU RI 9LVKQXSXUL 'DP� 7KH ZDWHU DQDO\VLV LV SUHVHQWHG LQ WKLV SDSHU� 7KH VWXG\ DUHD LV SDUW RI
1DQGHG DQG 3DUEKDQL GLVWULFWV� 7KH DUHD LV RI EDFNZDWHU UHJLRQ RI 9LVKQXSXUL ,UULJDWLRQ 'DP�
1DQGHG� ,W LV DOPRVW FHQWUDO SDUW RI *RGDZDUL 5LYHU� 7KH 1DQGHG LV NQRZQ DV 1DEKL 6WKDQ �1DYHO
RU XPELOLFDO SODFH� RI *RGDZDUL ULYHU� 3XUQD ULYHU PHHW WR *RDGDZDUL QHDU 'KDQDJDU 7DNDOL � 7KH
VDPSOLQJ LV GRQH DOO DORQJ WKH ULYHU� 5RXWH RI WKH *RGD -DOGLQGL � 'KDQDJDU 7DNDOL �*DQJDEDSX �
$QWHVZDU �3HQQXU � *DQJDEHW �:DKHJDRQ� 0DUNDQG\D � 7KXJDRQ �9LVKQXSXUL ��)LJ�� �� 7KH WRWDO
GLVWDQFH RI WKH URXWH LV �� NPV � 7KH ZDWHU VDPSOHV DUH DQDO\]HG IRU S+� 'LVVROYHG R[\JHQ�'�2���
&RQGXFWLYLW\� 7XUELGLW\� 7RWDO 'LVVROYHG 6ROLGV�7'6�� 7RWDO +DUGQHVV�7+�� &DOFLXP� 0DJQHVLXP�
&KORULQH DQG 7RWDO DONDOLQLW\� 7KH DQDO\VLV LV JLYHQ LQ 7DEOH �� 7KH S+ YDULHV IURP ���� � ���� ZLWK
DYHUDJH RI ������ 7KH S+ UDQJH DW ULYHU EDQN LV IURP ���� WR ���� DQG PLGGOH RI WKH ULYHU IORZ LV
IURP ���� WR ����� ERWK YDOXHV DUH YHU\ FORVH � 7KH S+ RI WKH ULYHU ZDWHU LV ZLWKLQ WKH UDQJH RI %,6
IRU GULQNLQJ ZDWHU �S+ � ��� � ����� EXW UHODWLYHO\ KLJK� 7KH *RGDZDUL ULYHU ZDWHU VKRZ ORZ WXUELGLW\
ZLWK UDQJH RI ���� WR ��� 1�7�8�� ZLWK DYHUDJH WXUELGLW\ LV���� 1�7�8� 7KH 7'6 YDULHV IURP ��� WR
��� SSP ZLWK DYHUDJH RI ����� SSP DQG LW LV ZLWKLQ WKH UDQJH RI GULQNLQJ ZDWHU �%,6 7'6 � �� 7KH
7RWDO $ONDOLQLW\�7$� RI ULYHU ZDWHU YDULHV IURP ��� WR ��� SSP ZLWK DYHUDJH 7$ RI ������SSP � 7KH
FRQGXFWLYLW\ YDULHV IURP ��� WR ��� ZLWK DYHUDJH RI ������ 7KH FDOFLXP FRQWHQW UDQJH IURP ������
WR ������ SSP ZLWK DYHUDJH RI ����� SSP � 7KH PDJQHVLXP YDULHV IURP ���� WR �����SSP ZLWK
DYHUDJH RI ����� SSP � 7KH FKORULQH YDULHV IURP ����� WR ����� SSP ZLWK DYHUDJH RI ����� SSP�
7KH GLVVROYHG R[\JHQ YDULHV IURP ��� WR ���� ZLWK DYHUDJH RI ������ WKH WRWDO KDUGQHVV �7+� YDULHV
IURP ��� WR ��� SSP ZLWK DYHUDJH RI ������ SSP � 7KH WRWDO KDUGQHVV �7+� LV OHVV WKDQ WKH %,6
UDQJH�IRU�GULQNLQJ�ZDWHU�
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06������5HVHDUFK��VXVWDLQDELOLW\�DQG�JRYHUQDQFH���+RZ�WR�SUDFWLFH�RQ�,/%0�

+HDOWK�)XWXUHV�)RXQGDWLRQ��,QF���8QLYHUVLW\�RI�WKH�3KLOLSSLQH��0DQLOD���3KLOLSSLQHV

+HDOWK�)XWXUHV�)RXQGDWLRQ��,QF���8QLYHUVLW\�RI�WKH�3KLOLSSLQH��0DQLOD���3KLOLSSLQHV

+HDOWK�)XWXUHV�)RXQGDWLRQ��,QF���8QLYHUVLW\�RI�WKH�3KLOLSSLQH��0DQLOD���3KLOLSSLQHV

+HDOWK�)XWXUHV�)RXQGDWLRQ��,QF���8QLYHUVLW\�RI�WKH�3KLOLSSLQH��0DQLOD���3KLOLSSLQHV
�
.(<:25'6��&20081,7<�%$6('�0$1$*(0(17��(&2/2*,&$/�',6($6(��/$*81$�/$.(

(FRORJLFDO GLVHDVHV DUH FRQGLWLRQV WKDW DUH XQLTXH WR D SDUWLFXODU SRSXODWLRQ UHVXOWLQJ IURP
GLVWLQFWLYH EHKDYLRXUDO� VRFLR�FXOWXUDO� GHPRJUDSKLF� DQG HQYLURQPHQWDO IDFWRUV� 7KLV SDSHU
GLVFXVVHV FRPPXQLW\�EDVHG PDQDJHPHQW VWUDWHJLHV WR DGGUHVV HFRORJLFDO ULVNV WR KHDOWK DQG IRRG
VHFXULW\ LQ FRPPXQLWLHV LQ WKH 6LODQJ�6DQWD 5RVD VXEZDWHUVKHG� +HDOWK VWDWXV DQG IRRG LQVHFXULW\
ZHUH GHWHUPLQHG RQ ��� KRXVHKROGV LQ WKH VXE�ZDWHUVKHG� ZKLOH WKH KHDOWK HIIHFWV RI
HQYLURQPHQWDO OHDG H[SRVXUH ZHUH DVVHVVHG LQ ��� PRWKHU�FKLOG SDLUV IURP IRXU EDUDQJD\V LQ
6DQWD 5RVD &LW\� +HDOWK ULVNV LGHQWLILHG VXFK DV GLIIHUHQFHV LQ PHDQ ,4 VFRUHV RI FKLOGUHQ
DFFRUGLQJ WR EORRG OHDG OHYHOV ZHUH SUHVHQWHG WR UHVLGHQWV RI ODNHVKRUH YLOODJHV DQG RIILFLDOV IURP
DOO OHYHOV RI JRYHUQPHQW WKURXJK YDULRXV W\SHV RI DFWLYLWLHV LQFOXGLQJ IRFXV JURXS GLVFXVVLRQV�
SULRULWL]DWLRQ RI FRPPXQLW\�LGHQWLILHG LVVXHV� DQG VWDNHKROGHU PHHWLQJV� 5HILQHPHQW RI FXUUHQW
QDWLRQDO� UHJLRQDO DQG ORFDO HIIRUWV WR SUHYHQW DQG PLWLJDWH HFRORJLFDO ULVNV WR KHDOWK DQG IRRG
VHFXULW\ FDQ EH SURPRWHG WKURXJK WKH UHFRJQLWLRQ RI WKH FRQFHSW RI HFRORJLFDO GLVHDVHV� ZKLFK
XQGHUOLQHV WKH QHHG WR WDLORU�ILW LQWHUYHQWLRQV WR DGGUHVV QRW RQO\ WKH LOOQHVV LWVHOI� EXW DOVR WKH
VSHFLILF FRQWH[WXDO IDFWRUV WKDW FRQWULEXWH WR WKHLU HPHUJHQFH� 7KLV RXWORRN SODFHV FRPPXQLWLHV DW
WKH FHQWHU RI LGHQWLI\LQJ DQG DFWLQJ RQ LVVXHV WKDW DIIHFW WKHLU KHDOWK DQG ZHOO�EHLQJ� 7KLV PD\
LQFOXGH FRPPXQLW\�EDVHG VXUYHLOODQFH DQG VHUYLFHV IRU FRPPRQ LOOQHVVHV� ULVN FRPPXQLFDWLRQ RQ
H[SRVXUH WR KHDY\ PHWDOV� SDUWLFXODUO\� OHDG� DQG FRPPXQLW\ LQLWLDWLYHV WKDW DGGUHVV FRQWH[WXDO
IDFWRUV�VXFK�DV�OLYHOLKRRG�SURMHFWV�DQG�HQYLURQPHQWDO�FRQVHUYDWLRQ��
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&15�,60$5��%RORJQD��,WDO\
�
.(<:25'6��6867$,1$%/(�'(9(/230(17��,17(*5$7('�0$1$*(0(17��/$.(�%$6,1

,/%0 LV D ZD\ RI WKLQNLQJ DERXW ZDWHU PDQDJHPHQW WKDW LV EDVHG RQ VL[ SLOODUV� 7ZR RI WKHVH DUH
WKH 3DUWLFLSDWLRQ �RI VWDNHKROGHUV EXW DOVR RI FLWL]HQVKLS DV VWDNHKROGHUV� DQG WKH ,QIRUPDWLRQ �WR
VWDNHKROGHUV DQG WKXV WR FLWL]HQV�� 7KHVH FRQFHSWV DUH VWURQJO\ SUHVHQW LQ WKH DSSURDFK ZH ZDQW WR
SXUVXH WR EULQJ WRJHWKHU VFLHQWLILF UHVHDUFK DSSURDFK� VWUDWHJ\ DQG UHVXOWV� DQG SXEOLF RSLQLRQ DQG
VWDNHKROGHUV SDUWLFLSDWLRQ WKURXJK D JRYHUQDQFH H[HUFLVH RQ VXVWDLQDELOLW\ LVVXHV� :H OLNH WR
GLVFXVV WKH LPSRUWDQFH RI LQIRUPDWLRQ DQG NQRZOHGJH IRU D TXDOLILHG DQG SUR�DFWLYH SDUWLFLSDWLRQ DV
ZHOO DV UHIOHFW RQ RXU LQGLYLGXDO DQG FROOHFWLYH UHVSRQVLELOLW\ DV FLWL]HQV LQ ,/%0 SURMHFWV� 7R DFKLHYH
WKHVH JRDOV� WKUHH ZRUNLQJ JURXSV ZLOO EH RUJDQLVHG� �� $FWLYH YV� 6FLHQWLILF FLWL]HQVKLS � 7KLV
ZRUNLQJ JURXS ZLOO GLVFXVV DQG VKDUH H[SHULHQFH DERXW WRSLFV OLNH� :K\ 6FLHQWLILF ,QIRUPDWLRQ LV
LPSRUWDQW":KDW NLQG RI ,QIRUPDWLRQ 1HHGV IRU /DNH %DVLQ 0DQDJHPHQW" :KLFK FRQVHTXHQFHV RI D
³1RQ�XVH´ RI 6FLHQFH" +RZ DQG ZKHUH FDQ ZH VKDUH LQIRUPDWLRQ" +RZ PXFK LQIRUPDWLRQ LV
³HQRXJK´" �� 3DUWLFLSDWLYH GHPRFUDF\ � :H SODQ WR ZRUN RQ WKH UHVSRQVLELOLW\�DFWLRQ D[LV
PHGLDWHG E\ WKH FRQWULEXWLRQ RI VFLHQWLILF DSSURDFK� HYDOXDWH WKH LQGLYLGXDO YV� FROOHFWLYH
UHVSRQVLELOLWLHV� DOORZLQJ WR DVVHVV WKH LPSDFW RI DFWLRQV DQG SRVVLEOH VROXWLRQV LQ WHUPV RI
FRVW�EHQHILW� SURPRWHV WKH FULWLFDO DQDO\VLV RI WKH LQIRUPDWLRQ DYDLODEOH WRGD\� �� 3DUWLFLSDWRU\
SODQQLQJ � 7KLV ZRUNLQJ JURXS ZLOO H[SHULHQFH D SURFHVV RI SDUWLFLSDWRU\ SODQQLQJ LQ RUGHU WR
SUDFWLFH RQ WKH ,/%0 LVVXHV E\ DQDO\VLQJ FDVH VWXGLHV WDNHQ IURP WKH SDVW DQG SRVVLEO\ SUDFWLVLQJ
RQ�SUHVHQW�VLWXDWLRQV�
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3UR�/RFR�7RUULFHOOD���/DJR�7UDVLPHQR��,WDO\

3UR�/RFR�7RUULFHOOD���/DJR�7UDVLPHQR��,WDO\

3UR�/RFR�7RUULFHOOD���/DJR�7UDVLPHQR��,WDO\

3UR�/RFR�7RUULFHOOD���/DJR�7UDVLPHQR��,WDO\

3UR�/RFR�7RUULFHOOD���/DJR�7UDVLPHQR��,WDO\

3UR�/RFR�7RUULFHOOD���/DJR�7UDVLPHQR��,WDO\

%HVW SUDFWLFHV LQ ODNH EDVLQ PDQDJHPHQW� &LWL]LHQ DUH SURWDJRQLVWV LQ PDQDJHPHQW� LQ WXULVP
HFRQRPLHV��LQ�FRQVHUYDWLRQ��LQ�ILVKLQJ�DQG�DJULFROWXUH�SUDFWLFHV
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6KLJD�3UHIHFWXUH��-DSDQ
�
.(<:25'6��/$.(�%,:$��/$.(�%,:$�&2035(+(16,9(�'(9(/230(17�352-(&7��027+(5�/$.(����3/$1

,W KDV EHHQ �� \HDUV WKLV \HDU VLQFH WKH ILUVW :RUOG /DNH &RQIHUHQFH ZDV KHOG E\ 6KLJD 3UHIHFWXUH
LQ 6KLJD� -DSDQ LQ ����� , ZRXOG OLNH WR UHYLHZ WKH PHDVXUHV IRU WKH FRQVHUYDWLRQ DQG GHYHORSPHQW
RI /DNH %LZD GXULQJ WKLV SHULRG� DQG H[SODLQ WKH FXUUHQW LVVXHV DQG GLUHFWLRQV RI WKH PHDVXUHV�7KH
/DNH %LZD &RPSUHKHQVLYH 'HYHORSPHQW 3URMHFW �/%&'3� ZDV LPSOHPHQWHG LQ ���� DV D QDWLRQDO
SURMHFW IRU D �� \HDU SODQ� DQG ZDV H[WHQGHG LQ ���� IRU DQRWKHU �� \HDUV� 7KH /%&'3 FRQVLVWHG
RI WKUHH SULQFLSOHV� FRQVHUYDWLRQ� IORRG FRQWURO� DQG WKH YDULRXV XVH RI ODNH ZDWHU� 'XULQJ WKDW
SURMHFW� 6KLJD EDQQHG WKH XVH RI V\QWKHWLF GHWHUJHQWV FRQWDLQLQJ SKRVSKRUXV E\ HQDFWLQJ DQ
RUGLQDQFH LQ ����� ,Q ����� 6KLJD PDGH WKH /DNH :DWHU 4XDOLW\ &RQVHUYDWLRQ 3ODQ DVVLVWHG E\
QDWLRQDO ODZ� DQG ZRUNHG WR UHGXFH WKH LQIORZLQJ ORDG WR /DNH %LZD� 7KH FRQVWUXFWLRQ RI VHZHUDJH
IDFLOLWLHV DQG HIIRUWV E\ FLWL]HQV DQG JRYHUQPHQW KHOSHG VLJQLILFDQWO\ WR UHGXFH WKH ORDG� KRZHYHU�
FRQVWUXFWLRQ RI OHYHHV DORQJ WKH ODNH VKRUH� ORZHULQJ WKH ODNH ZDWHU OHYHO GXULQJ WKH VXPPHU WLPH
WR UHGXFH WKH ULVN RI IORRGLQJ� KDG JUHDW HIIHFWV RQ WKH HFRV\VWHP RI /DNH %LZD� ,Q ����� 6KLJD
PDGH WKH 0RWKHU /DNH �� 3ODQ ZKLFK ZDV D �� \HDU SODQ WR LPSURYH ZDWHU TXDOLW\� WR IRVWHU ZDWHU
VRXUFH� WR SUHVHUYH WKH QDWXUDO HQYLURQPHQW DQG VFHQLF ODQGVFDSH DV LWV WKUHH SULQFLSOHV� ,Q �����
6KLJD UHYLHZHG WKH SODQ DQG UHYLVHG LW IRU DQRWKHU �� \HDUV� DGGLQJ DQ DVSHFW RI �UHVWRULQJ WKH
UHODWLRQVKLS EHWZHHQ RXU GDLO\ OLYHV DQG WKH ODNH�� 7KH /DNH %LZD LV JUDGXDOO\ ORVLQJ LWV QDWXUDO
HFRV\VWHP ZKLFK KDV EHHQ UHFRJQL]HG E\ WKH UHGXFWLRQ RI WKH ILVK FDWFK DV D YLYLG H[DPSOH� 7KHUH
DUH FXUUHQWO\ PDMRU LVVXHV VXFK DV RYHUJURZWK RI ZDWHU ZHHGV� WKH LQFUHDVH RI IRUHLJQ ILVK� DQG WKH
VHSDUDWLRQ RI WKH ZDWHU FKDQQHOV DPRQJ WKH ODNH� SDGG\ ILHOG� DQG IRUHVW�7R WDNH PHDVXUHV DJDLQVW
WKRVH LVVXHV� �FRQQHFWLRQ� LV WKH NH\ ZRUG� ,W LV LPSRUWDQW WR VHH DOO RI WKH LVVXHV QRW LQ D VPDOO
VHSDUDWHG DUHD� EXW WR VHH WKHP DV D ZKROH DQG WDNH FRPSUHKHQVLYH PHDVXUHV� 6KLJD KDV VWDUWHG
WR ZRUN WRJHWKHU ZLWK PDQ\ VWDNHKROGHUV� &LWL]HQV� 132V� UHVHDUFKHUV� FRPSDQLHV DQG
JRYHUQPHQW� IRUPHG D JURXS FDOOHG �0RWKHU /DNH )RUXP�� VKDULQJ WKRXJKWV DQG LVVVXHV� DQG WKLQN
DERXW WKH IXWXUH RI /DNH %LZD WRJHWKHU�,Q WKH SUHVHQWDWLRQ� WKH H[SHULHQFHV RI /DNH %LZD IURP D
KLVWRULFDO SRLQW RI YLHZ DQG WKH SUHVHQW PHDVXUHV IRU WKH FRQVHUYDWLRQ RI /DNH %LZD DUH WR EH
GLVFXVVHG��
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3LHGPRQW�5HJLRQ��(QYLURQPHQWDO�'HSDUWPHQW��,WDO\

3URYLQFH�RI�%LHOOD��$JULFXOWXUH�DQG�(QYLURQPHQW�'HSDUWPHQW��,WDO\

3URYLQFH�RI�7RULQR��:DWHU�5HVRXUFH�6HUYLFH��,WDO\

3LHGPRQW�5HJLRQ��(QYLURQPHQWDO�'HSDUWPHQW��,WDO\
�
.(<:25'6��/$.(�&2175$&7��%$6,1�0$1$*(0(17��/$.(�5(6725$7,21

³/DNH FRQWUDFWV´� DQDORJRXV RI ³ULYHU FRQWUDFWV´� DUH YROXQWDU\� SDUWLFLSDWLYH DQG LQFOXVLYH
JRYHUQDQFH LQVWUXPHQWV SURYLGHG IRU E\ 3LHGPRQW¶V �1RUWK�:HVW ,WDO\� UHJLRQDO ODZ �:DWHU
3URWHFWLRQ 3ODQ� ������ LQ RUGHU WR DWWDLQ DQ LQWHJUDWHG SROLF\ IRU SURWHFWLRQ DQG UHVWRUDWLRQ RI ODNHV�
&XUUHQWO\� WZR /DNH FRQWUDFW SURFHVVHV DUH LQ SURJUHVV� WKH RQH FRQFHUQLQJ WKH ³&DWFKPHQW EDVLQ
RI $YLJOLDQD ODNHV´� D V\VWHP RI ODNHV� PDUVKHV DQG SHDW ERJV LQ $YLJOLDQD WRZQ� QHDUE\ 7RULQR
FLW\� WKH RWKHU FRQFHUQV ³9LYHURQH ODNH´� D VXJJHVWLYH HFRV\VWHP LQ WKH PRUDLQLF DPSKLWKHDWUH RI
,YUHD� QHDU %LHOOD WRZQ� %RWK ODNHV� GHVSLWH WKH\ DUH SURWHFWHG DUHDV RI (8 ³1DWXUD ���� 1HWZRUN´
�'LU� ������((& ³+DELWDWV´ DQG 'LUHFWLYH ���������(& ³%LUGV´�� UHVXOW HXWURSKLFDWHG DQG SDUWLDOO\
GHJUDGHG� RZLQJ WR WKH SOHWKRUD RI DQWKURSLF SUHVVXUHV DQG LPSDFWV WKDW DIIHFWV ZDWHU ERGLHV DQG
WKHLU FDWFKPHQW EDVLQV� VXFK DV XUEDQL]DWLRQ� ULSDULDQ DOWHUDWLRQ� VHZDJH V\VWHP EDG
SHUIRUPDQFHV� LQWHQVLYH FXOWLYDWLRQ RU PDQXUH VSUHDGLQJ� ZDWHU DEVWUDFWLRQ� PDVVLYH WRXULVP DQG
UHFUHDWLRQDO DFWLYLWLHV �FDUS ILVKLQJ� ZDWHUVNLLQJ«�� 6RPH H[SHQVLYH LQ�ODNH PHDVXUHV ZHUH FDUULHG
RXW LQ WKH SDVW WR UHVWRUH WKH ODFXVWULQH ZDWHU TXDOLW\ EXW WKHLU SDUWLDO IDLOXUHV GHQRWHG DEVHQFH RI
SURSHU EDVLQ PDQDJHPHQW VWUDWHJLHV� QRZ� WKH ³FRQWUDFW SURFHVVHV´� IROORZLQJ PDQ\ PHHWLQJV DQG
SXEOLF GHEDWHV� UHDFKHG WKH FKDOOHQJLQJ SKDVH RI FRPSUHKHQVLYH $FWLRQ 3ODQV GHILQLWLRQ DQG
LPSOHPHQWDWLRQ� UHTXLULQJ D ³YROXQWDU\ REOLJDWLRQ´ RI DGPLQLVWUDWRUV� VWDNHKROGHUV� FRPPRQ SHRSOH
WR JHW D UHDO HQYLURQPHQWDO DZDUHQHVV� VXVWDLQDEOH DJUHHPHQWV� KXPDQ DQG ILQDQFLDO UHVRXUFHV LQ
RUGHU WR IXOILO QXWULHQW LQSXW UHGXFWLRQV� OLPLWDWLRQV LQ XVHV DQG EHKDYLRXUV� FRRUGLQDWLRQ DQG
FRKHUHQFH�RI�SROLFLHV��EHVW�SUDFWLFHV�DGRSWLRQ��PLWLJDWLRQ�RI�XQDYRLGDEOH�LPSDFWV�
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6WXGLR�(FRLQJHJQR��9HQLFH��,WDO\

,5,6�$PELHQWH��)ORUHQFH��,WDO\

'HSDUWPHQW�RI�DJURQRPLF�VFLHQFHV��IRRG�VXSSO\�DQG�HQYLURQPHQW��8QLYHUVLW\�RI�3HUXJLD��3HUXJLD��,WDO\�
�
.(<:25'6��/$.(�*29(51$1&(��08/7,&5,7(5,$�$3352$&+��/$.(�&2175$&7

7UDVLPHQR /DNH LV WKH ODUJHVW ODNH RQ WKH ,WDOLDQ SHQLQVXOD� ZLWK D VXUIDFH DUHD RI DSSUR[LPDWHO\
��� NP� DQG D EDVLQ RI DERXW ��� NP�� 1R PDMRU ZDWHUFRXUVHV IORZV GLUHFWO\ LQWR RU RXW RI WKH ODNH
DQG WKH ZDWHU OHYHO IOXFWXDWHV VLJQLILFDQWO\ DFFRUGLQJ WR UDLQIDOO UDWH DQG VHDVRQDO ZDWHU
DEVWUDFWLRQV� 7KLV IHDWXUHV� WRJHWKHU ZLWK ODQG XVHV DW FDWFKPHQW VFDOH� KDYH D FORVH FRQQHFWLRQ
ZLWK JHRPRUSKLF EHKDYLRU RI WKH ODNH V\VWHP DQG LQ WXUQ VHGLPHQW PDQDJHPHQW LV D NH\ LVVXH IRU
SROOXWLRQ G\QDPLFV� EDWK\PHWULF WUHQGV DQG ELRGLYHUVLW\ FRQVHUYDWLRQ� 0DQ\ VRFLRHFRQRPLF
LQWHUHVWV DUH LQYROYHG DURXQG WKLV WRSLF DQG UHODWHG GHFLVLRQ PDNLQJ SURFHVVHV IDFH WDQJOH
FKDOOHQJHV� 6LQFH DW OHDVW WKUHH GHFDGHV 7UDVLPHQH /DNH KDV EHHQ GHHSO\ VWXGLHG DQG VHYHUDO
PHDVXUHV KDYH EHHQ LGHQWLILHG IRU D VXVWDLQDEOH VHGLPHQW PDQDJHPHQW� %XW MXVW D IHZ LQLWLDWLYHV
KDYH EHHQ ODXQFKHG DQG NQRZQ SUREOHPV DUH FXUUHQWO\ QRW VROYHG� 7KXV D QHHG IRU FRRSHUDWLYH
SODQQLQJ� HIIHFWLYH VWUDWHJLHV DQG YLDEOH VROXWLRQV LV IHOW DV FRPSHOOLQJ E\ ORFDO FRPPXQLWLHV DQG
SXEOLF ERGLHV� *LYHQ WKLV FRPSOH[ EDFNJURXQG� LQ ���� 3HUXJLD 3URYLQFH KDV DSSRLQWHG 3HUXJLD
8QLYHUVLW\ WR GHYHORS D PHWKRGRORJLFDO DSSURDFK IRU ODNH JRYHUQDQFH DQG VXVWDLQDEOH VHGLPHQW
PDQDJHPHQW� ,Q WKLV SDSHU WKH DXWKRUV RI WKH UHVHDUFK SUHVHQW WKH RXWSXWV RI WKLV WDVN� ZLWK
HPSKDVLV WR WKH PXOWLFULWHULD DSSURDFK WKDW KDV EHHQ SURSRVHG� +HUHE\ DVVHVVPHQW DSSURDFKHV
DQG WRROV WR EH LQWHJUDWHG ZLWKLQ SDUWLFLSDWLYH GHFLVLRQ PDNLQJ SURFHVVHV DUH GHVFULEHG� )LQDOO\ D
VHW RI JXLGHOLQHV IRU LQFOXVLYH GHFLVLRQ PDNLQJ SURFHVVHV LV LOOXVWUDWHG� DLPHG DW VWLSXODWLQJ D
QHJRWLDWHG�DJUHHPHQW��/DNH�&RQWUDFW��IRU�7UDVLPHQH�ODNH�
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,QGLDQ�,QVWLWXWH�RI�7HFKQRORJ\�5RRUNHH��+DULGZDU���,QGLD

,QGLDQ�,QVWLWXWH�RI�7HFKQRORJ\�5RRUNHH��+DULGZDU���,QGLD
�
.(<:25'6��,652��,1',$1�63$&(�5(6($5&+�25*$1,6$7,21��%+89$1��$�*(23257$/�2)�,1',$1�63$&(�5(6($5&+
25*$1,6$7,21��*,9(6�$�*$7(:$<�72�(;3/25(�$1'�',6&29(5�9,578$/�($57+�,1��'�63$&(�:,7+�63(&,),&�(03+$6,6�21
,1',$1�5(*,21���*,6�6:$7��*(2*5$3+,&�,1)250$7,21�6<$7(0���62,/�$1'�:$7(5�$66(660(17�722/

$ UHYLHZ RI SUHVHQW ODNH SURJUDPPH LQ ,QGLD LV EHLQJ FDUULHG RXW XQGHU WKLV VWXG\� $ UDQJH RI
SDUDPHWHU DUH QHHGHG WR HYDOXDWH D /DNH DQG LWV FRQVHUYDWLRQ 3ODQ GXH WR GLYHUVLW\ LQ WHUP RI VL]H�
ELRGLYHUVLW\� JHRJUDSK\� RULJLQ� RZQHUVKLS DQG PDQDJHPHQW SROLFLHV RI /DNHV LQ ,QGLD� +HUH D
VFRULQJ PHWKRG LV GHYHORSHG WDNLQJ YDULRXV SDUDPHWHU DQG WKHQ UDQNHG WKHP EDVHG RQ WKHLU
VFRUH� 6FRULQJ LV GLYLGHG LQ IRXU EURDGHU SDUDPHWHU L�H� /DNH¶V 3URSHUWLHV� /DNH¶V FDWFKPHQW
SURSHUWLHV� 9XOQHUDELOLW\ WR /DNHV DQG &RQVHUYDWLRQ DQG PDQDJHPHQW SROLFLHV� 7KHVH DUH IXUWKHU
GLYLGHG LQWR PRUH SDUDPHWHU� ,Q WKLV VFRULQJ PHWKRG /DNHV ZKLFK DUH KLJKO\ ELR GLYHUVLILHG�
9XOQHUDEOH DQG EHVW FRQVHUYHG JHW KLJKHVW VFRUH� 7HQ /DNHV DUH VHOHFWHG IURP DOO RYHU ,QGLD DQG
VFRUHV DUH JLYHQ E\ DQDO\]LQJ DQG LQWHUSUHWDWLRQ RI GDWD FROOHFWHG� JDWKHUHG� JHQHUDWHG E\
FRQWDFWLQJ GLIIHUHQW VRXUFHV� /DQG 8VH /DQG &RYHU 0DS� %LRORJLFDO 5LFKQHVV 0DS� 'LVWXUEDQFH
,QGH[ 0DS DQG (URVLRQ 0DS� REWDLQHG E\ SURMHFWLQJ FDWFKPHQW DUHD� GHOLQHDWHG ZLWK WKH KHOS RI
WRSRORJLFDO VKHHW RU *,6�6:$7 WRRO� RYHU :DWHU 5HVRXUFH ,QIRUPDWLRQ 6\VWHP� %LRGLYHUVLW\
,QIRUPDWLRQ 6\VWHP DQG %KXYDQ VLWH GHYHORSHG E\ ,652� ZKHUH FRQVHUYDWLRQ SODQ KDYH EHHQ
FRPSOHWHG�XQGHUZD\� /DNHV DQG WKHLU FRQVHUYDWLRQ SODQV FDQ EH VHHQ DQG DQDO\]HG IURP YDULRXV
SHUVSHFWLYH�DQG�DSSURSULDWH�PHDVXUHV�FDQ�EH�WDNHQ�IRU�EHWWHU�FRQVHUYDWLRQ�DQG�PDQDJHPHQW�
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'HSDUWPHQW�RI�$JULFXOWXUH��)RRG�DQG�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�3HUXJLD��,WDO\

'HSDUWPHQW�RI�$JULFXOWXUH��)RRG�DQG�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�3HUXJLD��,WDO\

'HSDUWPHQW�RI�$JULFXOWXUH��)RRG�DQG�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�3HUXJLD��,WDO\

'HSDUWPHQW�RI�$JULFXOWXUH��)RRG�DQG�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�3HUXJLD��,WDO\

'HSDUWPHQW�RI�$JULFXOWXUH��)RRG�DQG�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�3HUXJLD��,WDO\

8QLYHUVLW\�RI�6KNRGUD��$OEDQLD
�
.(<:25'6��&203/(;,7<��08/7,&5,7(5,$�$3352$&+��7(55,725,$/�&2175$&7�0$1$*(0(17

7KH 6KNRGUD /DNH LV D EDVLQ ORFDWHG LQ WKH ERXQGDU\ EHWZHHQ 1RUWK $OEDQLD DQG 6RXWK (DVW
0RQWHQHJUR� KDYLQJ D VXUIDFH YDULDEOH IURP ��� WR ��� NP�� /DNH LV YHU\ ULFK LQ ELRGLYHUVLW\ DQG
LQFOXGHV H[WHQVLYH ZHWODQGV� 6RPH SDUWV RI WKH ODNH DUH FODVVLILHG DV 5DPVDU DUHDV �:HWODQGV RI
,QWHUQDWLRQDO ,PSRUWDQFH�� :RUOG +HULWDJH VLWHV� QDWLRQDO SDUNV DQG ELRVSKHUH UHVHUYHV�0RUH WKDQ
��� DTXDWLF DQG ZHWODQG SODQW VSHFLHV� �� ILVK VSHFLHV DQG ��� ELUG VSHFLHV OLYH LQ WKH HFRV\VWHP
RI WKH /DNH� 7KH /DNH LV YHU\ UHOHYDQW IRU WKH PXOWLIXQFWLRQDOLW\ RI LWV XVH� EHLQJ XVHG IRU VHYHUDO
GLIIHUHQW SXUSRVHV� OLNH LUULJDWLRQ� GULQNLQJ ZDWHU� EDWKLQJ DQG ILVKLQJ� (VSHFLDOO\ LQ WKH $OEDQLDQ SDUW
RI WKH ODNH WKHUH LV D YHU\ GHHS SUHVVXUH FDXVHG E\ GLIIHUHQW KXPDQ DFWLYLWLHV� DV LQWHQVLYH ILVKLQJ�
DJULFXOWXUH� XUEDQL]DWLRQ� WRXULVP� ZLWK SUREOHPDWLF SROOXWLRQ RI ZDWHU DQG ODNH VKRUHV� 7KH
HFRV\VWHP LV YHU\ FRPSOH[ DQG WKH FULWHULD FRPSRVLQJ WKH FRQIOLFW RI LQWHUHVWV GHULYH IURP D ODUJH
KLVWRULFDO SHULRG� $IWHU WKH IDOO RI WKH FRPPXQLVW UHJLPH LQ WKH 0RQWHQHJUR SDUW DQG HVSHFLDOO\ LQ WKH
$OEDQLDQ SDUW� WKH PDQDJHPHQW RI WKH ODNH GLGQ¶W DFKLHYH QRUPDOO\ WKH VXIILFLHQW HTXLOLEULXP DPRQJ
WKH GLIIHUHQW VRFLDO� HFRQRPLF� HQYLURQPHQWDO� FXOWXUDO DQG PDQDJHULDO DVSHFWV� )RU DOO WKHVH
UHDVRQV� WKH ODNH QHHGV DQ LQQRYDWLYH VWUDWHJ\ RI PDQDJHPHQW WKDW PXVW EH VPDUW� VXVWDLQDEOH
DQG LQFOXVLYH� 7KH DXWKRUV DIWHU D GHHS DQDO\VLV RI WKH FRQWH[W SUHVHQW D SRVVLEOH LQQRYDWLYH PRGHO
EDVHG RQ WKH LGHD RI WKH 7HUULWRULDO &RQWUDFW 0DQDJHPHQW �7&0�� 7KH\ SUHVHQW D VLPXODWLRQ ZLWK
WKH�PXOWL�FULWHULD�DSSURDFK�IRU�WKH�SURSRVHG�PRGHO�
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'HSDUWPHQW�RI�$JULFXOWXUH��)RRG�DQG�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�3HUXJLD��,WDO\

'HSDUWPHQW�RI�$JULFXOWXUH��)RRG�DQG�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�3HUXJLD��,WDO\

'HSDUWPHQW�RI�$JULFXOWXUH��)RRG�DQG�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�3HUXJLD��,WDO\

'HSDUWPHQW�RI�$JULFXOWXUH��)RRG�DQG�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�3HUXJLD��,WDO\

'HSDUWPHQW�RI�$JULFXOWXUH��)RRG�DQG�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�3HUXJLD��,WDO\
�
.(<:25'6��7,7,&$&$�/$.(��08/7,&5,7(5,$�$3352$&+��*29(51$1&(�02'(/

/DNH 7LWLFDFD LV SDUW RI D K\GURJUDSKLF EDVLQ NQRZQ DV 7'36 V\VWHP� FRPSRVHG E\ ODNH 7LWLFDFD�
'HVDJXDGHUR ULYHU� 3RRSR ODNH� &RLSDVD EDVLQ� ,W LV NQRZQ DV WKH KLJKHVW QDYLJDEOH ODNH LQ WKH
ZRUOG DQG WKH VHFRQG ODUJHVW ODNH LQ 6RXWK $PHULFD� ,Q ����V 3HUXYLDQ DQG %ROLYLDQ JRYHUQPHQWV
ZRUNHG LQ FRRSHUDWLRQ ZLWK (XURSHDQ &RPPXQLW\ WR GHYHORS D %LQDWLRQDO 0DVWHU 3ODQ IRU WKH
GHYHORSPHQW RI /DNH 7LWLFDFD DQG LQ ���� WKH $XWRQRPRXV %LQDWLRQDO $XWKRULW\ RI /DNH 7LWLFDFD
�$/7� ZDV FUHDWHG� 7KH DLP RI WKLV DXWKRULW\ LV WR LPSOHPHQW DQG WR HQIRUFH WKH PDQDJHPHQW� WKH
FRQWURO DQG WKH SURWHFWLRQ RI WKH /DNH 7LWLFDFD V\VWHP
V ZDWHU UHVRXUFHV� GHYHORSLQJ DQG LPSURYLQJ
WKH OLYLQJ FRQGLWLRQV RI WKH SRSXODWLRQV ZKR OLYH LQ WKH 7LWLFDFD EDVLQ� 7KH PDQDJHPHQW RI WKH
7LWLFDFD ODNH LV YHU\ FRPSOH[� DV VHYHUDO HQYLURQPHQWDO� HFRQRPLF DQG VRFLDO IDFWRUV DUH LQYROYHG�
OLNH HQYLURQPHQWDO GHJUDGDWLRQ� H[WUHPH ZHDWKHU HYHQWV� LQVXIILFLHQW UHJXODWRU\ ZRUNV�
GLVDGYDQWDJHG HFRQRPLF FRQWH[W� 8QGHU WKH PDLQ FRQGLWLRQV RI VWDNHKROGHUV SDUWLFLSDWLRQ DQG
HTXDO VKDULQJ RI UHVRXUFHV� ZH LQWHQG WR IROORZ VRPH PDLQ WRSLFV DV WKH VXVWDLQDEOH XVH RI ZDWHU
UHVRXUFHV� WKH GHYHORSPHQW RI PRGHOV IRU VXVWDLQDEOH DQG HTXDO H[SORLWDWLRQ RI ILVK� WKH
GHYHORSPHQW RI H[LVWLQJ HQYLURQPHQWDO V\VWHPV DQG ODQGVFDSH IURP D WRXULVWLF SHUVSHFWLYH� WKH
VXVWDLQDEOH GHYHORSPHQW RI WKH WHUULWRU\� 7KH DXWKRUV� LQ DJUHHPHQW ZLWK WKH 3HUXYLDQ DQG %ROLYLDQ
DXWKRULWLHV DQG DIWHU D GHHS DQDO\VLV RI WKH 7LWLFDFD¶V JRYHUQDQFH SUDFWLFHV LPSOHPHQWHG E\ $/7�
SURSRVH D 0XOWLFULWHULD $SSURDFK WR VWXG\ DQ LQQRYDWLYH JRYHUQDQFH PRGHO RI ODNH ZDWHU UHVRXUFHV
ZLWKLQ�WKH�IUDPHZRUN�RI�6XVWDLQDEOH�DQG�'HYHORSPHQW�*RDOV��������������
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3URYLQFH�RI�7HUQL��,WDO\

3URYLQFH�RI�7HUQL��,WDO\

3URYLQFH�RI�7HUQL��,WDO\
�
.(<:25'6��/$1'6&$3(��3$57,&,3$7,21��/$1'�'(9(/230(17�$1'�3527(&7,21

,Q RUGHU WR LPSOHPHQW WKH SROLFLHV RI WKH 37&3 �3URYLQFLDO 7HUULWRULDO &RRUGLQDWLRQ 3ODQ� ���� QRZ
LQ UHYLHZ�� ZKRVH FRQVWLWXWLYH VWUDWHJ\ ZDV D �ERWWRP XS� DSSURDFK DQG WKH FHQWUDOLW\ RI WKH
ODQGVFDSH� WKH 3URYLQFH RI 7HUQL �8PEULD� ,WDO\� ODXQFKHG LQ WKH \HDU ����� LQ FROODERUDWLRQ ZLWK
VRPH ORFDO JRYHUQPHQWV� WZR SDUWLFLSDWLYH SURFHVVHV IRU WKH SUHSDUDWLRQ RI D 5LYHU &RQWUDFW IRU WKH
/RZHU 1HUD 5LYHU DQG D /DQGVFDSH &RQWUDFW� ZKLFK ODVWHG XS WR ����� 7KHVH SURFHVVHV DFWXDOO\
H[SHULHQFHG WKH DFWLYH SDUWLFLSDWLRQ RI D EURDG SDQHO RI SXEOLF DQG SULYDWH VWDNHKROGHUV�
DVVRFLDWLRQV� FLWL]HQV� DQG VFKRROV WR SURPRWH LQQRYDWLYH IRUPV RI HQYLURQPHQWDO� FXOWXUDO DQG
HFRQRPLF SURWHFWLRQ DQG GHYHORSPHQW RI WKH WHUULWRU\� LQ DJUHHPHQW ZLWK WKH JXLGHOLQHV RI WKH
(XURSHDQ &RQYHQWLRQ /DQGVFDSH� 7KDQNV WR WKH PDQ\ HQJDJHPHQW WRROV XVHG� ZKLFK FRQVLGHUHG
D ODUJH YDULHW\ RI VWDNHKROGHUV �SDUWLFLSDWRU\ GHVLJQ ZRUNVKRSV � VHPLQDUV � HYHQWV� HGXFDWLRQDO
WRXUV � HWF��� WKHVH SURFHVVHV KDYH QRZ DOORZHG WKH UHDOL]DWLRQ FRQFUHWH DFWLRQV LQWHQGHG WRZDUG
WKH SURWHFWLRQ DQG HQKDQFHPHQW RI WKH HQYLURQPHQW� 7KH �6�/LEHUDWR /DNH´ ZKLFK LV D VWRUDJH
EDVLQ IRU K\GURHOHFWULF SRZHU SURGXFWLRQ LQFOXGHG LQ WKH WHUULWRU\ RI WKH &RQWUDFW RI WKH 1HUD 5LYHU�
SDUWLDOO\ UH�QDWXUHG DQG QRZ LQFOXGHG LQ DQ DUHD =6& �6SHFLDO $UHDV RI &RQVHUYDWLRQ�� KDV EHHQ
WKH VXEMHFW RI SDUWLFXODUO\ LQWHQVH SDUWLFLSDWLRQ� 7KLV ZDV GXH WR WKH FRPSOH[LW\ DQG FRQIOLFW RI XVHV
DQG �LGHQWLW\� WKDW FKDUDFWHUL]H LW �SUHVHQFH RI SURGXFWLYH VLWHV� SROOXWLRQ� HQYLURQPHQWDO YDOXHV�
LGHQWLW\ YDOXHV� HWF��� 7KH V\QHUJLHV FUHDWHG EHWZHHQ GLIIHUHQW DFWRUV GXULQJ WKH SURFHVV RI
SDUWLFLSDWLRQ DQG LQYROYHPHQW� KDYH DOORZHG WKH UHDOL]DWLRQ RI D VHULHV RI PDQDJHPHQW DQG
HQKDQFHPHQW�SURSRVDOV�ZKLFK�DUH�QRZ�EHLQJ�LPSOHPHQWHG�
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6WXGLR�'RWWRUL�IRUHVWDOL�&DVVRO�H�6FDULRW��,WDO\

6WXGLR�SURJHWWD]LRQH�DPELHQWDOH��,WDO\

6WXGLR�'RWWRUL�IRUHVWDOL�&DVVRO�H�6FDULRW��,WDO\

3DUFR�1D]LRQDOH�'RORPLWL�%HOOXQHVL��,WDO\

$TXDSURJUDP�VUO��LWDO\

$TXDSURJUDP�VUO��,WDO\
�
.(<:25'6��)5$66,12�/$.(��0$1$*(0(17�3/$1��/$.(�&2175$&7

)UDVVLQR /DNH LV D VPDOO JODFLDO ODNH ZLWKD D VXUIDFH RI �� KD� LW LV ORFDWHG LQ WKH SURYLQFH RI 9HURQD
�9HQHWR 5HJLRQ�1RUWK ,WDO\�� ,W
V D QDWXUDO ELRWRSH SURWHFWHG IRU LWV XQLTXH DQLPDO DQG SODQW VSHFLHV�
,W LV D QDWXUDO SDUN RI ORFDO LQWHUHVW� ,W LV LGHQWLILHG DV &RPPXQLW\ ,QWHUHVW 6LWH DQG DV D 6SHFLDO
3URWHFWLRQ $UHD �,7��������� ,Q ������� VXUYH\V ZHUH FRQGXFWHG IRU HFRV\VWHP FKDUDFWHUL]DWLRQ�
:HUH LGHQWLILHG WLSLFDO FRQVHUYDWLRQLVWLF LQWHUHVW KDELWDW� �� ILVK VSHFLHV� � VSHFLHV RI DPSKLELDQ� �
VSHFLHV RI UHSWLOHV� ��� VSHFLH RI ELUGV DQG IHZ VSHFLHV RI PDPPDOV� 7KH PDLQ SUHVVXUH IDFWRUV
DUH� ZDWHU SROOXWLRQ� DQWKURSRJHQLF SUHVVXUH� ZDWHU DEVWUDFWLRQ� QRQ�QDWLYH VSHFLHV �DQLPDOV DQG
SODQWV�� 7KH PRVW LPSRUWDQW WKUHDW RI )UDVVLQR /DNH LV WKH UHSODFHPHQW RI VSHFLHV DQG KDELWDW IURP
RULJLQDO VLWXDWLRQ� ,W ZDV GUDZQ XS WKH PDQDJHPHQW SODQ RI WKH UHJLRQDO QDWXUDO SDUN ZLWK VLVWHPV RI
UXOHV � DFWLYH PDQDJHPHQW DFWLRQV� D PRQLWRULQJ SODQ DQG HGXFDWLRQDO SURJUDPV� 7KH �/DNH
FRQWUDFW� ZLOO EH LPSOHPHQWHG DV VRRQ DV SRVVLEOH WR GHILQH WKH VWUDWHJLHV IRU WKH FRQVHUYDWLRQ DQG
IRU�WKH�SDUWHFLSDWLYH�HQYLURQPHQWDO�PDQDJHPHQW
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$53$�8PEULD��,WDO\

$53$�8PEULD��,WDO\

$53$�8PEULD

$53$�8PEULD

$53$�8PEULD

$53$�8PEULD

$53$�8PEULD
�
.(<:25'6��,1',&$725�63(&,(6��0(',7(55$1($1�(&25(*,21��:$7(5�)5$0(:25.�',5(&7,9(

7KH (XURSHDQ 'LUHFWLYH ��������(& UHTXLUHV PRQLWRULQJ RI PDFURSK\WHV DQG SK\WREHQWKRV ±
LQFOXGLQJ GLDWRPV ± IRU WKH DVVHVVPHQW RI WKH HFRORJLFDO TXDOLW\ RI ODNHV� ,Q UHVSRQVH WR D FDOO IURP
WKH (XURSHDQ &RPPLVVLRQ WR 0HPEHU 6WDWHV� WKH ,WDOLDQ 0LQLVWU\ RI (QYLURQPHQW LQYLWHG 5HJLRQV WR
MRLQ D ³3URJUDP RQ /DNH 'LDWRPV�� ZLWK WKH DLP WR GHVLJQ D QDWLRQDO PHWKRG IRU WKH HYDOXDWLRQ RI
ODNH HFRORJLFDO TXDOLW\� 7KH ,QVWLWXWH IRU (FRV\VWHP 6WXGLHV RI WKH 1DWLRQDO 5HVHDUFK &RXQFLO �,6(�
&15� SURYLGHG JXLGHOLQHV IRU VDPSOLQJ DQG DQDO\VLQJ EHQWKLF GLDWRPV� DQG D QHZ LQGH[ �(3,�/�
ZDV GHYHORSHG RQ WKH EDVLV RI GDWD FROOHFWHG E\ (QYLURQPHQWDO $JHQFLHV DQG 5HVHDUFK ,QVWLWXWHV
LQ ����� (QYLURQPHQWDO 3URWHFWLRQ $JHQF\ RI 8PEULD �$53$ 8PEULD� SDUWLFLSDWHG WR WKH 3URJUDP�
FROOHFWLQJ DQG DQDO\]LQJ GDWD IURP WZR VDPSOLQJ VLWHV IRU HDFK RI WKH WZR PDLQ ODNHV LQ 8PEULD
�/DNHV 7UDVLPHQR DQG 3LHGLOXFR�� :H UHFRUGHG FD��� GLDWRP VSHFLHV� 2XU SUHOLPLQDU\ UHVXOWV ZHUH
XVHG IRU D ILUVW DSSOLFDWLRQ RI (3,�/ DQG WKH SUHVHQW ZRUN LOOXVWUDWHV WKH FKDOOHQJHV WR EH WDFNOHG IRU
D FRUUHFW DSSOLFDWLRQ RI (3,�/ LQ 0HGLWHUUDQHDQ HFRUHJLRQ ODNHV� �� VRPH GLDWRP WD[D FKDUDFWHULVWLF
RI OHQWLF KDELWDW DUH SRRUO\ NQRZQ DQG GLIILFXOW WR LGHQWLI\� WKHUHIRUH WUDLQLQJ FRXUVHV RQ LGHQWLILFDWLRQ
DQG LQWHUFRPSDULVRQ H[HUFLVHV DUH QHHGHG� �� VHYHUDO VSHFLHV UHFRUGHG LQ WKH WZR ODNHV DUH QRW
FXUUHQWO\ LQFRUSRUDWHG LQ WKH LQGH[� WKHUHIRUH WKH ODNHV
 HYDOXDWLRQ LV LQFRPSOHWH� �� WKH UHIHUHQFH
ODNHV LQ WKH 0HGLWHUUDQHDQ HFRUHJLRQ KDYH QRW \HW EHHQ LGHQWLILHG� DQG WKLV KDV WR EH GRQH WR
HQDEOH�ELRORJLFDOO\�PHDQLQJIXO�DVVHVVPHQWV�RI�WKH�HFRORJLFDO�TXDOLW\�RI�0HGLWHUUDQHDQ�ODNHV�
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1DWLRQDO�5HVHDUFK�&RXQWU\��,QVWLWXWH�RI�(FRV\VWHP�6WXG\��&15�,6(���9HUEDQLD�3DOODQ]D��,WDO\

$53$�/RPEDUGLD��,WDO\

$33$�%RO]DQR��,WDO\

$53$�/RPEDUGLD��,WDO\

,635$��,WDO\

,635$��,WDO\

$53$�/RPEDUGLD��,WDO\

$53$�/RPEDUGLD��,WDO\

$53$�8PEULD��,WDO\

$53$�/RPEDUGLD��,WDO\
�
.(<:25'6��/$.(6��(3,/,7+,&�',$7206��3(5,3+<7,&�',$7206

%HQWKLF GLDWRPV DUH URXWLQHO\ XVHG LQ ULYHU PRQLWRULQJ IRU HYDOXDWLQJ JHQHUDO RU RUJDQLF SROOXWLRQ
DQG WURSKLF VWDWXV� EXW WKHLU XVH LQ ODNH PRQLWRULQJ LV OHVV FRPPRQ� ,Q ,WDOLDQ GHHS ODNHV� H[LVWLQJ
LQGLFHV JHQHUDOO\ UHVXOWHG VLJQLILFDQWO\ FRUUHODWHG WR WKH PHDQ HSLOLPQHWLF WRWDO SKRVSKRUXV
FRQFHQWUDWLRQ �73�� EXW WKH\ ZHUH QRW DEOH WR FOHDUO\ GLVWLQJXLVK UHIHUHQFH ODNHV IURP WKH ZDWHU
ERGLHV ZLWK KLJKHU WURSKLF VWDWXV� )RU WKLV UHDVRQ� ZH GHVLJQHG D VSHFLILF LQGH[ DLPHG WR WKH
HYDOXDWLRQ RI WKH WURSKLF VWDWXV RI ,WDOLDQ ODNHV �(3,�/�� XVLQJ D ZHLJKWHG DYHUDJLQJ IRUPXOD
FDOLEUDWHG RQ ORJ73� DV D SUR[\ IRU ODNH HXWURSKLFDWLRQ� 7KH FDOLEUDWLRQ GDWD VHW FRYHU ERWK $OSLQH
DQG 0HGLWHUUDQHDQ HFRUHJLRQV DQG LQFOXGHV ��� VDPSOHV IURP �� ODNHV� $PRQJ WKHP� �� ODNHV
KDYH PHDQ GHSWK ODUJHU WKDQ �� P� VXFK DV WKH GHHS ODNHV 6RXWK RI WKH $OSV DQG WKH YROFDQLF
ODNHV LQ &HQWUDO ,WDO\� &URVV�YDOLGDWLRQ ZDV XVHG WR FRPSDUH WKH SHUIRUPDQFH RI (3,�/ ZLWK RWKHU
H[LVWLQJ LQGLFHV� 7KH FRUUHODWLRQ EHWZHHQ (3,�/ DQG ORJ73 LV RQO\ PDUJLQDOO\ LQIOXHQFHG E\ ODNH
GHSWK DQG WKH GLIIHUHQFH EHWZHHQ WKH (3,�/ YDOXHV IRU ROLJRWURSKLF DQG HXWURSKLF ODNHV UHVXOWHG
VWDWLVWLFDOO\ VLJQLILFDQW� %HQWKLF GLDWRPV UHVXOWHG WR EH XVHIXO LQGLFDWRU RI WKH WURSKLF VWDWXV RI ERWK
GHHS DQG VKDOORZ ODNHV� EXW WKH OLVWV RI WURSKLF VFRUHV DQG LQGLFDWRU YDOXHV PXVW EH DGDSWHG WR WKH
WURSKLF QLFKHV RI EHQWKLF GLDWRPV LQ ODNHV� )LQDOO\� WKH XVH RI D PXOWLYDULDWH UHJUHVVLRQ WUHH DQG WKH
LQFOXVLRQ RI RXU GDWD LQWR DQ LQWHUQDWLRQDO LQWHUFDOLEUDWLRQ H[HUFLVH DOORZHG XV WR GHILQH WKH (3,�/
ERXQGDULHV�IRU�ODNH�TXDOLW\�FODVVHV�
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(XURSH

'HPRFULWXV�8QLYHUVLW\�RI�7KUDFH��;DQWKL��*UHHFH

&LYLO�(QJLQHHULQJ�'HSDUWPHQW��'HPRFULWXV�8QLYHUVLW\�RI�7KUDFH��;DQWKL��*UHHFH
�
.(<:25'6��0(',7(55$1($1�/$.(6��5(6725$7,21��0$1$*(0(17

/DNH (XWURSKLFDWLRQ LV D ³VFRXUJH´ IRU ODNHV DURXQG WKH ZRUOG� 7KH SURFHVV RI HXWURSKLFDWLRQ DQG
�UH�� ROLJRWURSKLFDWLRQ KDV PDQLIROG IDFHWV LQFOXGLQJ PDQ\ PRGHUDWH DQG FRQWLQXRXV GLVWXUEDQFHV
RULJLQDWLQJ LQ WKH ODNH DQG LWV ZDWHUVKHG� 2YHU WKH SDVW FHQWXULHV VXUIDFH IUHVKZDWHUV� OHQWLF
HFRV\VWHPV LQFOXGHG� VXEMHFWHG WR H[WHQVLYH DOWHUDWLRQV LQ WKHLU PRUSKRORJ\� K\GURORJ\� QXWULHQWV¶
ELRJHRFKHPLVWU\� HFRV\VWHP PHWDEROLVP DQG ELRGLYHUVLW\� 6SHFLILFDOO\ IRU WKH 0HGLWHUUDQHDQ
UHJLRQ� WKLV VWUHVV KDV EHHQ PD[LPL]HG GXH WR FOLPDWLF SDUWLFXODULWLHV DQG YDULDELOLW\� DORQJ ZLWK WKH
WRSRJUDSK\ FKDUDFWHULVWLFV� 0DQ\ ODNHV UHWDLQ WKHLU HXWURSKLF VWDWXV IRU H[WHQGHG SHULRGV RI WLPH�
7LPH ODSVH LQ UHPHGLDWLRQ RFFXUV IUHTXHQWO\� 7KLV FRXOG KDSSHQ GXH WR PDQ\ IDFWRUV VLQFH WKH
SURFHVV RI UHFRYHU\ IURP HXWURSKLFDWLRQ LV QRW HQWLUHO\ XQGHUVWRRG� FDQ EH VORZ� RU GR QRW VXFFHHG
PRVWO\ GXH WR LQWHUQDO �LQ�ODNH� SURFHGXUHV� /LWHUDWXUH NQRZOHGJH KLJKOLJKWLQJ ODNH UHVSRQVHV WR
HQYLURQPHQWDO FRQGLWLRQV LV IRFXVHG RQ QRUWKHUQ WHPSHUDWH ODNHV� WKXV SURYLGLQJ YDOXDEOH WRROV IRU
WKHLU PDQDJHPHQW� &RPSDUDEOH LQIRUPDWLRQ RQ WKH ZDUPHU 0HGLWHUUDQHDQ ZDWHUVKHGV LV H[WUHPHO\
OLPLWHG� 7KH REMHFWLYH RI WKH SUHVHQW SDSHU LV WR GHVFULEH WKH HXWURSKLFDWLRQ VWDWXV RI VHYHUDO *UHHN
ODNHV� VRPH LQ�ODNH ELRWLF LQWHUDFWLRQV� DQG WR KLJKOLJKW WKHLU IXQFWLRQV DQG XVHV� XVLQJ K\GUR�
PRUSKRPHWULF� SK\VLFRFKHPLFDO DQG ELRORJLFDO GDWD� DORQJ ZLWK IXQFWLRQV¶ LQGH[HV� ,VVXHV RI
H[LVWLQJ PDQDJHPHQW SUDFWLFHV DQG WKH QHHG IRU QHZ HIIHFWLYH WRROV DUH DOVR DGGUHVVHG� 2XU
UHVXOWV GHPRQVWUDWH WKH ORQJ HXWURSKLFDWLRQ KLVWRU\ RI WKH *UHHN ODNHV DQG WKH VHYHUH LPSDFW RI
FHUWDLQ DQWKURSRJHQLF SUHVVXUHV� 7UDGLWLRQDO UHVWRUDWLRQ PHWKRGV SRRUO\ FRQWULEXWH WR WKH
HOLPLQDWLRQ RI HXWURSKLFDWLRQ ZKLOH QHZ SUDFWLFHV� PDLQO\ IRFXVHG RQ ³RXW RI WKH ODNH´ PHDVXUHV� DUH
GLVFXVVHG�
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(XURSH

$53$�/D]LR��,WDO\

$53$�/D]LR��,WDO\

,WDOLDQ�6XSHULRU�+HDOWK�,QVWLWXWH��,WDO\

$53$�/D]LR��,WDO\

$53$�8PEULD��,WDO\

$53$�/D]LR��,WDO\

$53$�/D]LR��,WDO\

$53$�/D]LR��,WDO\

$53$�/D]LR��,WDO\

$53$�/D]LR��,WDO\
�
.(<:25'6��6+$//2:�/$.(6��(19,5210(17$/�67$786��5(6725$7,21

7KH ORZHU 9HOLQR YDOOH\ ZDV RFFXSLHG� LQ WKH KLVWRU\� E\ D ZLGH ODNH� WKH ³/DFXV 9HOLQXV´� H[WHQGHG
VRPH WHQV RI VTXDUH NLORPHWUHV� 'UDLQDJH DQG UHFODPDWLRQ ZRUNV� IURP 5RPDQ DJH WR HDUO\ ��WK
FHQWXU\� UHGXFHG ODFXVWULQH VXUIDFH WR VRPH SRQGV DQG IRXU VKDOORZ UHVLGXDO ODNHV� �3LHGLOXFR� ���
NP� DQG �� P RI PD[LPXP GHSWK� 5LSDVRWWLOH� ��� NP� DQG � P� /XQJR� ��� NP� DQG � P� 9HQWLQD�
��� NP� DQG ��� P RI GHSWK�� 3LHGLOXFR DFWXDOO\ LV DFWLQJ DV K\GUR�HOHFWULF UHVHUYRLU� UHFHLYLQJ GDLO\
PRUH WKDQ RQH PLOOLRQ RI FROG ZDWHU IURP XSSHU 1HUD ULYHU� 9HQWLQD KDV D VPDOO UDLQ�IHHG EDVLQ �OHVV
WKDQ � NP��� 5LSDVRWWLOH DQG /XQJR DUH VWLOO SDUWLDOO\ UHFKDUJHG E\ FDOFDUHRXV VSULQJV� %RWK DUH
LQFOXGHG LQWR %LUG DQG +DELWDW SURWHFWHG DUHDV DQG LQ D ODUJHU 5HJLRQDO 3DUN� MRLQWO\ ZLWK 6�6XVDQQD
VSULQJ� PDLQO\ GLYHUWHG WR 9HOLQR ULYHU E\ ZD\ RI DQ DUWLILFLDO ZDWHU ERG\ �6�6XVDQQD FKDQQHO��
3XPSLQJ VWDWLRQ DW 5LSDVRWWLOH PDLQWDLQV ODNHV OHYHO WZR PHWHUV EHORZ DFWXDO RXWOHW HOHYDWLRQ� WKH
ODQG XVH RXWVLGH ODNHV UHHG EHOW LV DJULFXOWXUH� 7ZR ILVK IDUPV VHZHUV� GLVFKDUJLQJ IHZ P��V RQ
K\GURJUDSKLF QHWZRUN� DQG WKUHH XUEDQ ZDVWHZDWHU WUHDWPHQW SODQWV UHSUHVHQW WKH PRVW FRQVLVWHQW
SUHVVXUHV� (QYLURQPHQWDO VWDWXV RI WKH ODNHV ZDWHU DQG HFRV\VWHPV UHIOHFWV WKHVH PRGLILHG
FRQGLWLRQV� 7UDQVSDUHQF\ DQG SDUWLFXODWH PDWWHU� FKORURSK\OO� QXWULHQWV ORDGV� R[\JHQ EDODQFH�
ELRWLF LQGLFDWRUV� DOJDO JURZWK� VHGLPHQWV DFFXPXODWLRQ� YDU\LQJ VLJQLILFDQWO\ ODNH E\ ODNH� HYHQ LI
HXWURSKLF FRQGLWLRQV DUH ZLGHO\ GHWHFWHG� 'DWD HYDOXDWLRQ DQG HFRORJLFDO DVVHVVPHQW FDQ VXSSRUW
WKH SURFHVV RI HQYLURQPHQW UHVWRULQJ DQG SURWHFWHG DUHDV YDORULVDWLRQ� DFFRUGLQJ WR DQ LGHDO
REMHFWLYH�RI�XQLTXH�HFRORJLFDO�QHWZRUN�
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(XURSH

(XURSHDQ�5HJLRQDO�&HQWUH�IRU�(FRK\GURORJ\�3$6

5HJLRQDO�:DWHU�0DQDJHPHQW�$XWKRULW\�LQ�:DUVDZ

(XURSHDQ�5HJLRQDO�&HQWUH�IRU�(FRK\GURORJ\�3$6

(XURSHDQ�5HJLRQDO�&HQWUH�IRU�(FRK\GURORJ\�3$6

(XURSHDQ�5HJLRQDO�&HQWUH�IRU�(FRK\GURORJ\�3$6
�
.(<:25'6��%8))(5�=21(��',))86(�32//87,21��(&2+<'52/2*<

7KH ULSDULDQ EXIIHU ]RQH �HFRWRQHV� LV D ZLGHO\ UHFRPPHQGHG PHDVXUH IRU UHGXFWLRQ RI
DJULFXOWXUDO LPSDFWV RQ IUHVKZDWHU HFRV\VWHPV FDXVHG E\ QXWULHQWV IURP WKH ODQGVFDSH� +RZHYHU�
GXH WR D OLPLWHG VSDFH LQ WKH VKRUHOLQH ]RQHV DQG�RU KLJK LQLWLDO ORDGV� WKH HIILFLHQF\ RI D EXIIHU ]RQH
LV IUHTXHQWO\ QRW VXIILFLHQW� 7KDW LV ZK\� HFRK\GURORJLFDO PHDVXUHV FDQ EH GHYHORSHG WR HQKDQFH
WKH EXIIHU ]RQHV E\ UHJXODWLRQ DQG LQWHQVLILFDWLRQ RI QDWXUDOO\ RFFXUULQJ SURFHVVHV UHVSRQVLEOH IRU
ZDWHU TXDOLW\ FRQWURO� H�J� GHQLWULILFDWLRQ DQG SKRVSKRUXV VRUSWLRQ� 7ZR HQKDQFHG HFRWRQHV DV
GHPRVLWHV RI /,)(� (.252% SURMHFW� �(FRWRQHV IRU UHGXFWLRQ RI GLIIXVH SROOXWLRQV� /,)(��
(19�3/�������� ZZZ�HNRURE�SO� ZDV FRQVWUXFWHG LQ WKH VKRUHOLQH RI WKH 6XOHMRZ 5HVHUYRLU
�&HQWUDO 3RODQG�� 7KH ILUVW GHPRVLWH LV VXUURXQGHG E\ DJULFXOWXUH ODQG� 1LWUDWH FRQFHQWUDWLRQ �DE�
��� PJ12��O� LQ JURXQGZDWHU FODVVLILHG LW DV SROOXWHG� DFFRUGLQJ WR WKH 1LWUDWHV 'LUHFWLYH �!�� PJ
12��O�� 7KH VROXWLRQ WHVWHG LQ WKH DUHD LV YHJHWDWLRQ EXIIHU ]RQH HQKDQFHG E\ GHQLWULILFDWLRQ EDUULHU�
7KH SLORW UHVXOWV VKRZ WKDW WKH HIIHFWLYHQHVV RI GHQLWULILFDWLRQ ZDOO LQ EXIIHU ]RQH LV DERXW ���� 7KH
VHFRQG GHPRVLWH LV ORFDWHG LQ UHFUHDWLRQDO DUHD� ZKHUH VKRUHOLQH LV VXUURXQGHG E\ FRWWDJHV� 7KH
VHHSDJHV RI JURXQGZDWHU KHDYLO\ FRQWDPLQDWHG ZLWK SKRVSKRUXV �DE� ��� PJ 32��O� ZDV REVHUYHG
EHORZ WKH ZDWHU OHYHO LQ WKH UHVHUYRLU VKRUHOLQH� ,Q WKLV FDVH� JHRFKHPLFDO EDUULHU EDVHG RQ
OLPHVWRQH ZDV WHVWHG DV DGGLWLRQDO HOHPHQW RI D YHJHWDWLRQ EXIIHU ]RQH� ZKLFK HQKDQFH WKH
SKRVSKRUXV DGVRUSWLRQ FDSDFLW\�7KH PHDQ UHGXFWLRQ LQ SKRVSKDWH FRQFHQWUDWLRQ DFKLHYHG DV D
UHVXOW�RI�ZDWHU�IORZ�WKURXJK�WKH�EDUULHU�UHDFKHG�����
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(XURSH

5HJLRQDO�:DWHU�0DQDJHPHQW�$XWKRULW\�LQ�:DUVDZ��3RODQG

'HSDUWPHQW�RI�+\GUDXOLF�(QJLQHHULQJ��:DUVDZ�8QLYHUVLW\�RI�/LIH�6FLHQFHV��3RODQG

'HSDUWPHQW�RI�(QYLURQPHQWDO�&KHPLVWU\�DQG�%LRDQDO\WLFV��)DFXOW\�RI�&KHPLVWU\�1LFRODXV�&RSHUQLFXV
8QLYHUVLW\��3RODQG

5HJLRQDO�:DWHU�0DQDJHPHQW�$XWKRULW\�LQ�:DUVDZ��3RODQG

'HSDUWPHQW�RI�+\GUDXOLF�(QJLQHHULQJ��:DUVDZ�8QLYHUVLW\�RI�/LIH�6FLHQFHV��3RODQG

'HSDUWPHQW�RI�+\GUDXOLF�(QJLQHHULQJ��:DUVDZ�8QLYHUVLW\�RI�/LIH�6FLHQFHV��3RODQG

(XURSHDQ�5HJLRQDO�&HQWUH�IRU�(FRK\GURORJ\�3$6��3RODQG
�
.(<:25'6��121�32,17�6285&(6��02'(/,1*��(&2+<'52/2*<

$FFRUGLQJ WR WKH UHTXLUHPHQWV RI WKH :DWHU )UDPHZRUN 'LUHFWLYH �:)'� DQG WKH SURYLVLRQV RI WKH
3ROLVK :DWHU /DZ� ZRUN LV FRQWLQXLQJ RQ WKH XSGDWLQJ RI WKH :DWHU %DVLQ 0DQDJHPHQW 3ODQV DQG
WKH SURJUDP RI PHDVXUHV LQFOXGHG LQ WKH 1DWLRQDO :DWHU DQG (QYLURQPHQWDO 3URJUDPPH� 7KH
LPSOHPHQWDWLRQ RI WKH PHQWLRQHG GRFXPHQWV LV DLPHG DW DFKLHYLQJ WKH JRRG VWDWXV RI ZDWHUV
UHTXLUHG E\ WKH :)'� 7KH DQDO\VHV SUHVHQWHG KHUH SHUWDLQ WR D SDUW RI WKH 3LOLFD 5LYHU FDWFKPHQW
�DSSUR[LPDWHO\ ���� NP�� DQG ZHUH FRQGXFWHG DV WKH VWDUWLQJ SRLQW IRU WKH GHYHORSPHQW RI DQ
$FWLRQ 3ODQ DLPHG DW UHGXFLQJ QRQ�SRLQW �GLIIXVH� SROOXWLRQ LQ WKH 3LOLFD 5LYHU FDWFKPHQW LQ RUGHU WR
LPSURYH WKH HQYLURQPHQWDO SRWHQWLDO RI WKH 6XOHMyZ 5HVHUYRLU� 7KH *,6�RULHQWHG PRGHOV� 021(5,6
�0RGHOLQJ 1XWULHQW (PLVVLRQV LQ 5LYHU 6\VWHPV� ,*% *HUPDQ� DQG 6:$7 �6RLO 	 :DWHU
$VVHVVPHQW 7RRO� ZHUH DSSOLHG WR LGHQWLI\ VRXUFHV DQG SDWKZD\V RI QXWULHQW HPLVVLRQV LQ WKH 3LOLFD
5LYHU FDWFKPHQW� 7KH 021(5,6 PRGHO UHVXOWV VKRZHG WKDW RQO\ DERXW �� RI WKH QLWURJHQ DQG
SKRVSKRUXV ORDGV ZHUH IURP SRLQW VRXUFHV LQ WKH 3LOLFD 5LYHU FDWFKPHQW DQG !��� ZHUH IURP
GLIIXVH VRXUFHV� 7KH VSDWLDO DQDO\VLV RI HPLVVLRQV RI QLWURJHQ DQG SKRVSKRUXV ZHUH PDGH E\ WKH
6:$7 PRGHO� ZKLFK DOORZHG IRU TXDQWLILFDWLRQ RI WKH ZDWHU EDODQFH DQG QXWULHQW HPLVVLRQ GLYLGHG
LQWR ��� VXE�EDVLQV� LQGLFDWLQJ SUHFLVHO\ WKH µKRW�VSRWV¶ RI JHQHUDWLQJ GLIIXVHG SROOXWLRQ LQ WKH VXE�
EDVLQV� 7KH PRGHOLQJ UHVXOWV ZLOO EH XVHG DV D EDVLV WR GHYHORS µ$FWLRQ 3ODQ WR UHGXFH GLIIXVH
SROOXWLRQ�LQ�WKH�3LOLFD�5LYHU�FDWFKPHQW¶�
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(XURSH

&15��,QVWLWXWH�IRU�(FRV\VWHP�6WXG\��3DOODQ]D��,WDO\

$53$�/RPEDUGLD��,WDO\

&15��,QVWLWXWH�IRU�(FRV\VWHP�6WXG\��3DOODQ]D��,WDO\
�
.(<:25'6��/$.(6�$66(660(17��3+<723/$1.721���81&(57$,17<

7KH FODVVLILFDWLRQ RI HFRORJLFDO VWDWXV DFFRUGLQJ WR WKH :)' UHTXLUHV WR DVVLJQ D ZDWHU ERG\ WR RQH
RI ILYH TXDOLW\ FODVVHV� +LJK� *RRG� 0RGHUDWH� 3RRU RU %DG� $VVRFLDWHG ZLWK WKLV FODVVLILFDWLRQ LV D
ULVN RI XQFHUWDLQW\� 7KH TXHVWLRQ LV KRZ FRQILGHQW ZH DUH WKDW D ODNH LV UHDOO\ LQ WKH DVVLJQHG VWDWXV
FODVV DQG ZKHWKHU LW PLJKW EH LQ DQRWKHU FODVV� ,Q RUGHU WR TXDQWLI\ WKLV OLNHOLKRRG ZH PXVW
VWDWLVWLFDOO\ HVWLPDWH WKH XQFHUWDLQW\ IRU RXU FODVVLILFDWLRQ UHVXOWV� :H HVWLPDWHG WKH XQFHUWDLQW\
DVVRFLDWHG ZLWK WKH PXOWLPHWULF LQGH[ ,&)� DGRSWHG LQ ,WDO\ IRU ODNHV DVVHVVPHQW XVLQJ
SK\WRSODQNWRQ� 7KH DQDO\VLV ZDV FDUULHG RXW RQ GDWD IURP �� ODNHV� VDPSOHG DW OHDVW WKUHH WLPHV
SHU \HDU� VRPH RI WKHP LQFOXGHG LQ WKH GDWDEDVH XVHG IRU WKH $OSLQH *,* LQWHUFDOLEUDWLRQ H[HUFLVH�
VRPH FRPLQJ IURP WKH ,WDOLDQ PRQLWRULQJ SURJUDPPH� 2QO\ ODNHV ZLWK D VWDEOH WURSKLF FRQGLWLRQ
ZHUH FKRVHQ� LQ RUGHU WR DYRLG WKH HUURU GXH WR D FKDQJH LQ WKH WURSKLF VWDWXV� 7KH DSSURDFK
VXJJHVWHG E\ (OOLV DQG $GULDHQVVHQV ������ ZDV IROORZHG� FDOFXODWLQJ WKH FRQILGHQFH FXUYHV IRU
HDFK TXDOLW\ FODVV DV ZHOO DV WKH ULVN RI PLVFODVVLILFDWLRQ DFURVV WKH VFDOH RI WKH QRUPDOL]HG (45
IRU ,&)� 2XU UHVXOWV VKRZ WKDW WKLV ULVN LV FORVH WR ��� DW WKH ERUGHU EHWZHHQ WKH FULWLFDO FODVVHV
*RRG DQG 0RGHUDWH� DOWKRXJK GHFUHDVLQJ WR OHVV WKDQ ��� LQ WKH PLGGOH RI WKH ,&) UDQJH
FRUUHVSRQGLQJ WR WKH *RRG FODVV� 7KH HVWLPDWLRQ RI XQFHUWDLQW\ XVHG KHUH LQFOXGHG PDQ\ VRXUFHV
RI�HUURU�VXFK�DV�VHDVRQDO��LQWHU�DQQXDO�DQG�PHDVXUHPHQW�HUURU�
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(XURSH

$53$�8PEULD��,WDO\

$53$�8PEULD��,WDO\

$53$�8PEULD��,WDO\
�
.(<:25'6��:)'�',5(&7,9(��0(',7(55$1($1�/$.(6��&/$66,),&$7,21�6<67(0

7KLV ZRUN GHVFULEHV ODNH ZDWHU ERGLHV ILUVW FODVVLILFDWLRQ UHVXOWV LQ DFFRUGDQFH ZLWK 'LUHFWLYH
��������(&� KLJKOLJKWLQJ WKH PDLQ VWHSV RI WKH QHZ FRPSOH[ HQYLURQPHQWDO TXDOLW\ DVVHVVPHQW
V\VWHP DQG WKH SUREOHPV UHODWHG WR WKH DSSOLFDWLRQ RI VDPSOLQJ DQG HYDOXDWLRQ PHWKRGV LQ WKH
8PEULD UHJLRQ DUHDV� 7KH DSSOLFDWLRQ RI QHZ (XURSHDQ DQG QDWLRQDO UHJXODWLRQV OHG WR D WKRURXJK
UHYLHZ RI WKH PRQLWRULQJ DFWLYLWLHV DSSOLHG VR IDU� %HVLGHV� LW PDGH SRVVLEOH� IRU WKH ILUVW WLPH� WR
FROOHFW LQIRUPDWLRQV RQ 8PEULDQ 0HGLWHUUDQHDQ ODNHV HFRORJLFDO DVSHFWV WKURXJK D VWDQGDUGL]HG
DQG V\VWHPDWLF PRQLWRULQJ RI IDXQLVWLF DQG IORULVWLF FRPPXQLWLHV� 7KH DLP RI WKH VWXG\ LV WR SUHVHQW�
IRU HDFK ODNH DQG IRU HDFK ELRORJLFDO TXDOLW\ HOHPHQW� WKH PDLQ WRSLFV RI WKH DSSOLFDWLRQ RI WKH
GLIIHUHQW LQGLFHV LQYROYHG LQ WKH HFRORJLFDO VWDWXV DVVHVVPHQW� VSHFLDOO\ UHIHUUHG WR 7UDVLPHQR ODNH
DQG 3LHGLOXFR ODNH� ZKLFK UHSUHVHQW HFRV\VWHPV RI VLJQLILFDQW LPSRUWDQFH IURP D QDWXUDOLVWLF DQG DQ
HQYLURQPHQWDO SRLQW RI YLHZ� 7KH ZRUN PD\ JLYH DQ LPSRUWDQW FRQWULEXWLRQ LQ WKH ELRORJLFDO PHWKRGV
YDOLGDWLRQ SURFHVV DV LW DOVR SRLQWV RXW WKH QHZ FODVVLILFDWLRQ V\VWHP OLPLWV DQG SUREOHPV UHODWHG WR
WKH UHIHUHQFH FRQGLWLRQV HVWDEOLVKHG IRU 0HGLWHUUDQHDQ ODNHV� 1DWLRQDO UHIHUHQFH YDOXHV� LQIDFW�
GRQ¶W VHHP WR EH DGHTXDWH WR GHVFULEH VRPH HFRV\VWHPV� OLNH SRO\PLFWLF DQG VKDOORZ ODNH ZDWHU
ERGLHV�
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(XURSH

$53$�8PEULD��,WDO\

$53$�8PEULD��,WDO\

$53$�8PEULD��,WDO\

$53$�8PEULD��,WDO\
�
.(<:25'6��0$&523+<7(��:)'�',5(&7,9(��&/$66,),&$7,21�6<67(0

$TXDWLF IORUD UHSUHVHQWV DQ HVVHQWLDO ELRORJLFDO HOHPHQW LQ HYDOXDWLQJ WKH HFRORJLFDO TXDOLW\ RI ZDWHU
ERGLHV� $FFRUGLQJ WR :DWHU )UDPHZRUN 'LUHFWLYH� ORFDO (QYLURQPHQWDO 3URWHFWLRQ $JHQF\ PRQLWRUHG
WKH WD[RQRPLF FRPSRVLWLRQ DQG DEXQGDQFH RI DTXDWLF YHJHWDWLRQ �$3$7� ����� RQ WZR
0HGLWHUUDQHDQ /DNHV �&HQWUDO ,WDO\�� /DNH 3LHGLOXFR �VKDOORZ ODNH� FDOFDUHRXV� PDFURW\SH /�� DQG
/DNH 7UDVLPHQR �SRO\PLFWLF ODNH� PDFURW\SH /��� 'DWD FROOHFWHG LQ -XQH�-XO\ ���� KDYH EHHQ XVHG
WR HYDOXDWH WKH DSSOLFDELOLW\ RI WKH 0DFURSK\WHV ,WDOLDQ 0XOWL0HWULFV ,QGH[� 0DFUR,00,� GHYHORSHG
E\ D VSHFLILF ZRUNLQJ JURXS �,QWHUFDOLEUDWLRQ� ,&� &,6 ����� WR DVVHVV DTXDWLF PDFURSK\WH
FRPPXQLW\ TXDOLW\ DQG� RQO\ ZLWKLQ WKH $OSLQH *,*� H[SRVHG WR LQWHUFDOLEUDWLRQ SURFHVV �&15�
,6(������� ������ 7KH FRPSRQHQWV RI WKH 0DFUR,00, DUH� WKH PD[LPXP GHSWK RI DTXDWLF SODQW
JURZWK� WKH WURSKLF VFRUH DQG WKH %UD\ &XUWLV GLVVLPLODULW\ LQGH[� 7KH UDWH EHWZHHQ WKH UHIHUHQFH
FRQGLWLRQV DQG WKH ,QGH[ QXPHULFDO YDOXH� FDOFXODWHG IRU HDFK ZDWHU ERG\� LGHQWLILHV WKH (FRORJLFDO
4XDOLW\ 5DWLR �(45� DQG LV DVVRFLDWHG ZLWK WKH HFRORJLFDO VWDWXV FODVV �KLJK� JRRG� PRGHUDWH� SRRU�
EDG�� 7KH K\GURSK\WHV GDWD FROOHFWHG RQ WKH WZR ODNHV LQYHVWLJDWHG DOORZHG XV WR DVVHVV WKH
0DFUR,00, UHOLDELOLW\ WR GHWHFW WKH WURSKLF VWDWXV RI ODFXVWULQH W\SHV RI 0HGLWHUUDQHDQ (FRUHJLRQ�
7KH 0DFUR,00, FODVVLILHG WKH /DNH 7UDVLPHQR LQ JRRG HFRORJLFDO VWDWXV DQG WKH WZR ZDWHU ERGLHV
RI /DNH 3LHGLOXFR LQ PRGHUDWH HFRORJLFDO VWDWXV� 7KH TXDOLW\ DFKLHYHG ZLWK WKH PDFURSK\WLF LQGH[
ZDV FRPSDUHG ZLWK WKH VWDWXV UHJLVWHUHG WKURXJK WKH 3K\WRSODQNWRQ ,QGH[ �,&)� DQG WKDW REWDLQHG
ZLWK WKH /DNHV 7URSKLF /HYHO IRU HFRORJLFDO VWDWXV �/7/HFR�� EDVHG RQ SK\VLFR�FKHPLFDO
SDUDPHWHUV��WRWDO�SKRVSKRUXV��WUDQVSDUHQF\��GLVVROYHG�R[\JHQ��
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$USD�/RPEDUGLD��,WDO\

$USD�/RPEDUGLD��,WDO\

$USD�/RPEDUGLD��,WDO\

$USD�/RPEDUGLD��,WDO\

$USD�/RPEDUGLD��,WDO\

$USD�/RPEDUGLD��,WDO\

$USD�/RPEDUGLD��,WDO\

$USD�/RPEDUGLD��,WDO\

$USD�/RPEDUGLD��,WDO\

$USD�/RPEDUGLD��,WDO\
�
.(<:25'6��(&2/2*,&$/�&/$66,),&$7,21��/$5*(�'((3�/$.(6��+,*+�$/7,78'(�/$.(6

,Q QRUWKHUQ ,WDO\ WKHUH LV DQ LPSRUWDQW ODNH GLVWULFW WKDW LQFOXGHV WKH GHHS VXEDOSLQH ODNHV� VRPH
VPDOO PHGLXP LQVXEULDQ ODNHV DQG PDQ\ KLJK DOWLWXGH ODNHV� 7KH HFRORJLFDO VWDWXV DVVHVVPHQW RI
WKH :DWHU )UDPHZRUN 'LUHFWLYH FRPELQHV LQIRUPDWLRQ RI VHYHUDO K\GURPRUSKRORJLFDO� FKHPLFDO DQG
ELRORJLFDO SDUDPHWHUV WR GHILQH WKH RYHUDOO VWDWXV RI IXQFWLRQLQJ DQG VWUXFWXUH RI WKH HFRV\VWHP�
$53$ /RPEDUG\ VWDUWHG WR VWXG\ ELRORJLFDO TXDOLW\ HOHPHQWV DQG FKHPLFDO SDUDPHWHUV RI ODNHV
EHORQJLQJ WR WKH GLIIHUHQW W\SRORJLHV� VLQFH ����� %LRORJLFDO 4XDOLW\ (OHPHQWV KDYH EHHQ GHVFULEHG�
ILUVW XVLQJ VDPSOLQJ DQG DQDO\WLFDO PHWKRGV DGRSWHG E\ WKH UHVHDUFK LQVWLWXWHV DQG VXEVHTXHQWO\
IROORZLQJ RIILFLDO PHWKRGV LPSOHPHQWHG E\ ,WDOLDQ QDWLRQDO (3$ �,635$�� 7KH PDLQ GLIILFXOWLHV KDYH
EHHQ IRXQG LQ WKH HFRORJLFDO DVVHVVPHQW RI ODUJH DQG GHHS ODNHV VXFK DV *DUGD� 0DJJLRUH� &RPR�
/XJDQR� ,VHR DQG IRU KLJK DOWLWXGH ODNHV� 'DWD RQ ELRORJLFDO� FKHPLFDO DQG K\GURPRUSKRORJLFDO
IHDWXUHV RI �� ODNHV ZHUH FROOHFWHG DQG XVHG IRU WKH LPSOHPHQWDWLRQ RI ELRORJLFDO LQGLFHV DQG�
VXEVHTXHQWO\� IRU WKH HFRORJLFDO FODVVLILFDWLRQ RI DOO ZDWHU ERGLHV RI WKH HQWLUH VDPSOLQJ QHWZRUN�
��� SK\WRSODQNWRQ FRPPXQLWLHV KDYH EHHQ FKDUDFWHUL]HG� ��� WUDQVHFW KDYH EHHQ LQYHVWLJDWHG WR
GHILQH PDFURSK\WHV FRPPXQLWLHV� ��� PDFURLQYHUWHEUDWHV VDPSOHV ZHUH SURFHVVHG ZLWK WKH
LGHQWLILFDWLRQ RI WKH VSHFLPHQV WR WKH ORZHVW WD[RQRPLF OHYHO� �� EHQWKLF DQG � SHODJLDO PXOWL�PHVK
JLOOQHWV KDYH EHHQ XVHG WR DSSO\ /DNH )LVK ,QGH[ RQ � VPDOO ODNHV� K\GURPRUSKRORJLFDO
SDUDPHWHUV KDYH EHHQ FROOHFWHG IURP �� +DE SORWV DFFRUGLQJ WR /+6 PHWKRG� ,Q WKLV ZRUN WKH
UHVXOWV RI HFRORJLFDO FODVVLILFDWLRQ RI DOO ODFXVWULQH ZDWHU ERGLHV IRFXVLQJ RQ ODUJH GHHS DQG KLJK
DOWLWXGH�ODNHV�DUH�VKRZQ�
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$USD�/RPEDUGLD��,WDO\

$USD�/RPEDUGLD��,WDO\

$USD�/RPEDUGLD��,WDO\

$USD�/RPEDUGLD��,WDO\

$USD�/RPEDUGLD��,WDO\

$USD�/RPEDUGLD��,WDO\

$USD�/RPEDUGLD��,WDO\

$USD�/RPEDUGLD��,WDO\

$USD�/RPEDUGLD��,WDO\

$USD�/RPEDUGLD��,WDO\
�
.(<:25'6��%,2/2*,&$/�48$/,7<�(/(0(176��,'(17,),&$7,21�/(9(/��81&(57$,17<

7KH (FRORJLFDO FODVVLILFDWLRQ RI ZDWHU ERGLHV� LQWURGXFHG E\ :)' LQ ����� ZDV DGRSWHG LQ ,WDO\ LQ
���� DQG ���� E\ � OHJLVODWLYH GHFUHHV� $53$ /RPEDUG\ VWDUWHG WR VWXG\ ODFXVWULQH HFRV\WHPV
VLQFH ����� DW ILUVW PRQLWRULQJ SK\WRSODQNWRQ FRPPXQLWLHV DQG FKHPLFDO SDUDPHWHUV� 6LQFH ���� DW
QRZ DOO WKH %LRORJLFDO 4XDOLW\ (OHPHQWV DQG K\GURPRUSKRORJLFDO DVSHFWV KDYH EHHQ LQYHVWLJDWHG�
'DWD SURGXFHG E\ WKLV$JHQF\ KDYH EHHQ XVHG IRU WKH LPSOHPHQWDWLRQ RI WKH PHWULFV RI
SK\WRSODQNWRQ� PDFURSK\WHV� PDFURLQYHUWHEUDWHV DQG IRU WKH LQWHUFDOLEUDWLRQ H[HUFLVHV RI $OSLQH
*,* /DNHV � 6RPH GLIILFXOWLHV KDYH EHHQ IRXQG LQ DOO WKH SKDVHV RI WKH DSSOLFDWLRQ RI WKH
DVVHVVPHQW PHWKRGV� DW ILHOG VXUYH\ OHYHO HVSHFLDOO\ IRU PDFURSK\WHV� PDFURLQYHUWDEUDWHV� ILVK
IDXQD DQG K\GURPRUSKRORJLFDO SDUDPHWHUV� 7KH\ ZHUH SDUWLFXODUO\ FRQVSLFXRXV IRU VXEDOSLQH ODNHV�
EHFDXVH RIWKHLU JUHDW VXUIDFHV� GHSWKV DQG VWURQJ ZDYHV� EHVLGHV� KLJK DOWLWXGH ODNHV ZHUH GLIILFXOW
WR UHDFK ZLWK WKH VXLWDEOH VDPSOLQJ HTXLSPHQW� $ERXW WKH DQDO\WLFDO SKDVH D FULWLFDO DVSHFW ZDV WKH
LGHQWLILFDWLRQ RI WKH VSHFLPHQV RI SK\WRSODQNWRQ DQG� LQ SDUWLFXODU� RI FKLURQRPLGV ODUYDH WR WKH
VXLWDEOH WD[RQRPLF OHYHO� 1RW DOO WKH %4(V PHWULFV ZHUH ILQDOL]HG� 7KH DSSOLFDWLRQ RI ILVK IDXQD
DVVHVVPHQW PHWKRG WR ODUJH GHHS ODNHV LQYROYHV WKH XVH RI JUHDW HFRQRPLF DQG KXPDQ UHVRXUFHV�
$VVHVVPHQW PHWKRGV QHHG WR EH EHWWHU FDOLEUDWHG WR ,WDOLDQ ODNHV W\SRORJLHV DQG DOPRVW DOO RI WKHP
UHVSRQG RQO\ WR HXWURSKLFDWLRQ SUHVVXUH IDFWRU� 7KHUH LV WKH QHHG WR HYDOXDWH WKH XQFHUWDLQW\
DVVRFLDWHG WR HYHU\ VLQJOH PHWULF� 7KH 2QH RXW DOO RXW DSSURDFK LV QRW DOZD\V WKH EHWWHU
FRPELQDWLRQ�UXOH�WR�FODVVLI\�ZDWHU�ERGLHV�XVLQJ�PXOWLSOH�%4(V�
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,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK��5RPH��DQG�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�RI�8PEULD�5HJLRQ��,WDO\

,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK��5RPH��DQG�(1($�6DOXJJLD�5HVHDUFK�&HQWUH��6DOXJJLD�,WDO\���

,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK��5RPH��WDO\

,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK��5RPH��,WDO\

5HJLRQDO�3DUN�RI�$SSLD�$QWLFD�5RPH���,WDO\

5HJLRQDO�3DUN�RI�$SSLD�$QWLFD��5RPH��,WDO\

,WDOLDQ�1DWLRQDO�,QVWLWXWH�RI�+HDOWK��5RPH��,WDO\
�
.(<:25'6��0(',7(55$1($1�321'��0$&52,19(57(%5$7(6��',$7206

6PDOO ZHWODQGV DUH ZLGHO\ UHFRJQLVHG WR FRQWULEXWH WR IUHVKZDWHU ELRGLYHUVLW\ DW UHJLRQDO OHYHO� DQG
WR GHOLYHU YDOXDEOH HFRV\VWHP VHUYLFHV� 1RWZLWKVWDQGLQJ WKHLU YDOXH� WKH\ DUH VHULRXVO\ WKUHDWHQHG
E\ KXPDQ DFWLYLWLHV� ZKLFK KDV UHVXOWHG LQ D VKDUS GHFOLQH LQ QXPEHUV DQG HFRORJLFDO TXDOLW\�
HVSHFLDOO\ LQ PHWURSROLWDQ DUHDV RI ELJ FLWLHV� 7KH 5HJLRQDO 3DUN RI $SSLD $QWLFD LV D SURWHFWHG DUHD
HPEHGGHG ZLWKLQ WKH FLW\ RI 5RPH DQG FRQQHFWHG ZLWK VXUURXQGLQJ UXUDO DUHDV DW WKH RXWVNLUWV RI
WKH FLW\� 7KH DTXDWLF KDELWDWV RI WKH 3DUN LQFOXGH VPDOO ZDWHUFRXUVHV� SRQGV DQG D VPDOO DUWLILFLDO
ZHWODQG �&DIIDUHOOD 3RQG� EXLOW LQ ����� $ PRQLWRULQJ SURJUDP ZDV VHW XS WR VWXG\ WKH VHDVRQDO
YDULDWLRQ RI SK\VLFR�FKHPLFDO FKDUDFWHULVWLF LQ WKH &DIIDUHOOD 3RQG� DQG WR DQDO\VH WKH VSDWLR�
WHPSRUDO SDWWHUQV LQ PDFURLQYHUWHEUDWH FRORQL]DWLRQ DQG WKH EHQWKLF GLDWRP FRPPXQLW\ GXULQJ WKH
ILUVW IRXU \HDUV� 7KH UHVXOWV RI RXU DQDO\VHV VKRZ WZR PDLQ HIIHFWV RI WKH QHZ SRQG� �� D PLWLJDWLRQ
DFWLRQ RI QXWULHQW ORDG RQ WKH VPDOO VWUHDP IRUPLQJ WKH SRQG� �� DQ LQFUHDVHG ELRGLYHUVLW\ RI DTXDWLF
HFRV\VWHPV LQVLGH WKH 3DUN� ,Q IDFW� WKH SRQG KRVWHG D PDFURLQYHUWHEUDWH FRPPXQLW\ PRUH GLYHUVH
WKDQ WKH RWKHU DTXDWLF KDELWDWV� SOD\LQJ D UROH DV ³UHVHUYRLU´ RI VSHFLHV IRU QHLJKERXULQJ DTXDWLF
ELRWRSHV LPSDFWHG E\ DQWKURSRJHQLF DFWLYLWLHV� 2XU VWXG\ VXSSRUWV WKH UHFRPPHQGDWLRQ RI WKH
(XURSHDQ 'LUHFWLYH �:)' ��������(&� WKDW WKH PDQDJHPHQW RI ULYHU EDVLQV LQFOXGHV VPDOO
ZHWODQGV� &DIIDUHOOD 3RQG� LQ IDFW� FRXOG SOD\ DQ LPSRUWDQW UROH LQ WKH ELRGLYHUVLW\ UHVWRUDWLRQ DQG�
PRUH�LQ�JHQHUDO��LQ�WKH�PDQDJHPHQW�RI�WKH�DTXDWLF�XUEDQ�HFRV\VWHP�
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0LQLVWU\�RI�(QYLURQPHQW��/DQG�DQG�6HD��,WDO\

0LQLVWU\�RI�(QYLURQPHQW��/DQG�DQG�6HD��,WDO\

0LQLVWU\�RI�(QYLURQPHQW��/DQG�DQG�6HD���,WDO\
�
.(<:25'6��:$7(5�86(6��'(6,*1$7,21�2)�+0:%�25�$:%��0,7,*$7,21�0($685(6

7KH :DWHU )UDPHZRUN 'LUHFWLYH ��������(& KDV HVWDEOLVKHV D IUDPHZRUN IRU WKH SURWHFWLRQ RI DOO
VXUIDFH DQG JURXQG ZDWHUV DQG DLPV WR DFKLHYH WKH ³JRRG HFRORJLFDO DQG FKHPLFDO VWDWXV´ IRU DOO
&RPPXQLW\ ZDWHUV E\ ����� 7KH :)' SURYLGHV WKDW IRU FHUWDLQ ZDWHU ERGLHV �Z�E��� XQGHU VSHFLILF
FLUFXPVWDQFHV� WKH HQYLURQPHQWDO REMHFWLYH LV WR DFKLHYH WKH ³JRRG HFRORJLFDO SRWHQWLDO´ �*(3�
UDWKHU WKDQ WKH ³JRRG HFRORJLFDO VWDWXV´� 7KLV LV WKH FDVH RI WKH DUWLILFLDO Z�E� DQG RI WKRVH Z�E�
ZKLFK KDYH EHHQ SK\VLFDOO\ DOWHUHG E\ KXPDQ DFWLYLWLHV �L�H� ³VSHFLILHG XVHV´ VXFK DV� H�J�� ZDWHU
VXSSO\ RI ODNHV�UHVHUYRLUV�� WKDW PD\ EH GHVLJQDWHG DV ³DUWLILFLDO´ �$:%� RU ³KHDYLO\ PRGLILHG´
�+0:%�� UHFRQFLOLQJ WKXV WKH VRFLR�HFRQRPLF DFWLYLWLHV DQG WKH HQYLURQPHQWDO REMHFWLYHV� 7KH
DVVXPSWLRQ LV WKDW WKH ³HFRORJLFDO VWDWXV´ �EDVHG RQ VWUXFWXUH DQG IXQFWLRQLQJ RI ELRORJLFDO
FRPPXQLWLHV RI WKH DTXDWLF HFRV\VWHP� RI +0:% DQG $:% LV GLIIHUHQW IURP WKDW RI ³QDWXUDO´ Z�E��
7KH 0LQLVWHULDO 'HFUHH ����������� Q����� LQGLFDWHV WKH LGHQWLILFDWLRQ�GHVLJQDWLRQ PHWKRGRORJLHV�
IRU ULYHUV DQG ODNHV� DV KHDYLO\ PRGLILHG RU DUWLILFLDO� 1H[W LV GHILQH WKH FULWHULD WR HVWDEOLVK WKH *(3
IRU WKHVH ODNHV�UHVHUYRLUV DQG ULYHUV� 2QH SRVVLEOH DSSURDFK LV WR LGHQWLI\ D OLVW RI QDWLRQDO
PLWLJDWLRQ PHDVXUHV GHSHQGHQW RQ +0:%¶V RU $:%¶V XVH� 7KH ³PD[LPXP HFRORJLFDO SRWHQWLDO´
�0(3� RI +0:% RU $:% UHSUHVHQWV WKH UHIHUHQFH FRQGLWLRQV L�H� WKH VWDWH WKDW FRXOG EH DFKLHYHG
RQFH DOO SRVVLEOH PLWLJDWLRQ PHDVXUHV KDYH EHHQ DSSOLHG� 7KH *(3 LV GHILQHG� KRZHYHU� DV WKH
VWDWH WKDW FRXOG EH DFKLHYHG ZKHQ \RX WDNH DOO SRVVLEOH PLWLJDWLRQ PHDVXUHV� H[FHSWLQJ WKRVH WKDW
LPSURYH�Z�E��WR�VOLJKW�GHYLDWLRQ�RI�0(3�
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(XURSHDQ�&RPPLVVLRQ��-RLQW�5HVHDUFK�&HQWUH��,QVWLWXWH�IRU�(QYLURQPHQW�DQG�6XVWDLQDELOLW\��,VSUD��,WDO\

(XURSHDQ�&RPPLVVLRQ��-RLQW�5HVHDUFK�&HQWUH��,QVWLWXWH�IRU�(QYLURQPHQW�DQG�6XVWDLQDELOLW\��,VSUD��,WDO\
�
.(<:25'6��:$7(5�)5$0(:25.�',5(&7,9(��(8523($1�/$.(6��(&2/2*,&$/�$66(660(17

7KH :DWHU )UDPHZRUN 'LUHFWLYH �(& ����� :)'� LV WKH ILUVW SLHFH RI LQWHUQDWLRQDO OHJLVODWLRQ WR
UHTXLUH (XURSHDQ FRXQWULHV WR HVWDEOLVK FRPSDUDEOH HFRORJLFDO DVVHVVPHQW VFKHPHV RI WKHLU
IUHVKZDWHUV� $ NH\ HOHPHQW LQ KDUPRQLVLQJ TXDOLW\ FODVVLILFDWLRQ ZLWKLQ DQG EHWZHHQ (XURSH¶V ULYHU
EDVLQV LV DQ ³,QWHUFDOLEUDWLRQ´ H[HUFLVH� VWLSXODWHG E\ WKH :)'� WR HQVXUH WKDW WKH JRRG VWDWXV
ERXQGDULHV LQ DOO RI WKH ELRORJLFDO DVVHVVPHQW PHWKRGV FRUUHVSRQG WR VLPLODU OHYHOV RI
DQWKURSRJHQLF SUHVVXUH� ,Q WKLV SDSHU� ZH SURYLGH D FRPSUHKHQVLYH RYHUYLHZ RI WKLV LQWHUQDWLRQDO
FRPSDULVRQ� IRFXVLQJ RQ WKH DVVHVVPHQW VFKHPHV GHYHORSHG IRU IUHVKZDWHU ODNHV� 2XW RI �� ODNH
HFRORJLFDO DVVHVVPHQW PHWKRGV VXEPLWWHG IRU WKH FRPSDULVRQ� �� ZHUH VXFFHVVIXOO\ LQWHUFDOLEUDWHG
DQG LQFOXGHG LQ WKH (& 'HFLVLRQ RQ ,QWHUFDOLEUDWLRQ� ZLWK D KLJK SURSRUWLRQ RI SK\WRSODQNWRQ �����
PDFURSK\WH ���� DQG EHQWKLF IDXQD ���� DVVHVVPHQW PHWKRGV� &RQVHTXHQWO\� ZH ��� UHYLHZ DOO WKH
DVVHVVPHQW PHWKRGV GHYHORSHG IRU ODNHV IRFXVLQJ RQ WKH PHWULFV LQFOXGHG DQG WKH SUHVVXUHV
DGGUHVVHG� ��� VXPPDUL]H WKH SURFHVV DQG WKH UHVXOWV RI LQWHUFDOLEUDWLRQ RI ODNH DVVHVVPHQW
PHWKRGV� DQG ��� GLVFXVV WKH FXUUHQW JDSV DQG WKH ZD\ IRUZDUG WR FRPPRQ PDQDJHPHQW
REMHFWLYHV�IRU�(XURSHDQ�ODNHV��
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FRQWDPLQDWHG�OHQWLF�ORWLF�ZDWHU�V\VWHPV

6KULVKWL�(QYLURQPHQW�	�6XVWDLQDELOLW\�6RFLHW\��3XQH��,QGLD
�
.(<:25'6��(&2/2*,&$/�5(6725$7,21��$48$7,&�6<67(06��(9$/8$7,21�35272&2/6

/HQWLF�ORWLF DTXDWLF HFRV\VWHPV LQFOXGLQJ ULYHUV DQG VWUHDPV� SRQGV DQG ODNHV� RFHDQV DQG ED\V�
ZHWODQGV� VZDPSV DQG PDUVKHV� DUH FKDUDFWHUL]HG E\ WKHLU ELRWLF FRPSRQHQWV FUHDWLQJ QLFKH RI WKH
DGHTXDWH VSDFH� VKHOWHU� ZDWHU� DQG IRRG� 'HEDVHPHQW RI OHQWLF �/DNHV� ± ORWLF DTXDWLF V\VWHPV E\
GLVFKDUJH RI VHZDJH� HIIOXHQWV DQG VROLG ZDVWHV KDV DIIHFWHG WKH HFRORJLFDO SURFHVVHV DQG
SURGXFWLYLW\ HVVHQWLDO IRU WKH HFRQRPLF JDLQV� 7KHVH HIIHFWV FDQ EH FDWHJRUL]HG LQWR WKUHH ± VWUHVV
RI SROOXWLRQ ORDGV� VZLQJ LQ SURFHVVHV DQG DOWHUDWLRQ LQ VWDWXV IDFWRUV� (FRORJLFDO UHVWRUDWLRQ RI
DTXDWLF V\VWHPV LV W\SLILHG E\ DWWDLQLQJ WKH RULJLQDO VWDWXV RI HFRORJLFDO HTXLOLEULXP RI FRPPXQLWLHV�
FDUERQ�QXWULHQW F\FOLQJ DQG HQHUJ\ WUDQVIHUV� 7KHVH SDUDPHWHUV FDQ EH FODVVLILHG LQWR ³6\VWHP¶V
2SHUDWLRQDO (YDOXDWLRQ 3URWRFRO´� 7KH VHFRQG JURXS RI SDUDPHWHUV LQFOXVLYH RI LQIUDVWUXFWXUH
HQJLQHHULQJ FDQ EH WHUPHG DV ³6\VWHP¶V 6WUXFWXUDO (YDOXDWLRQ 3URWRFRO´ DQG WKLUGO\ WKH JURXS RI
SDUDPHWHUV FRPSULVLQJ V\VWHPLF DGDSWDWLRQV� ILQDQFLDO UHWXUQV� FRPSHWHQF\ RI KXPDQ UHVRXUFHV�
DQG JRYHUQDQFH SROLF\ IRUPXODWLRQV FDQ EH WHUPHG DV ³0DQDJHPHQW ([FHOOHQFH (YDOXDWLRQ
3URWRFRO´� $OO WKHVH WKUHH SURWRFROV DUH WR EH PRQLWRUHG IRU SURMHFW SHUIRUPDQFH RI HFRORJLFDO
UHVWRUDWLRQ�RI�SROOXWHG�OHQWLF�ORWLF�DTXDWLF�V\VWHPV�DQG�LWV�VXVWDLQDELOLW\�
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06�����6�6SHFLDO�6HVVLRQ���(FRWHFKQRORJ\�DQG�(FRK\GURORJ\�IRU�UHPHGLDWLRQ�DQG�UHVWRULQJ�WKH�TXDOLW\�RI
FRQWDPLQDWHG�OHQWLF�ORWLF�ZDWHU�V\VWHPV

1DXVKDG�$OL�6DURYDU�6DPYDUGKLQL��0DKDUDVKWUD�6WDWH��,QGLD

5DLQ :DWHU +DUYHVWLQJ 3RQG RI DERXW ��������� VT�P FUHDWHG LQ WKH DEDQGRQHG VROLG ZDVWH
GXPSLQJ VLWH ZDV DVVHVVHG IRU LWV HFRORJLFDO KHDOWK VWDWXV� ZDWHU TXDOLW\ DQG ELRGLYHUVLW\� 7KH 3RQG
KDV EHHQ FDWHULQJ WKH QHHG RI WKH ZDWHU IRU SODQWDWLRQ LQ WKH SUHPLVHV RI 0DKDUDVKWUD 1DWXUH 3DUN�
0XPEDL DGPHDVXULQJ DERXW ��DFUHV� 7KLV HPSKDVL]HG WKH QHHG RI DVVHVVLQJ WKH LPSDFW RI
VWDELOL]LQJ VROLG ZDVWH RQ WKH ZDWHU TXDOLW\ RI SRQG� 0HWKRGRORJ\¶V UHSOLFDELOLW\ ZDV DOVR YHULILHG E\
DSSO\LQJ LW IRU WKH VLPXOWDQHRXV DVVHVVPHQW RI %KDYDQ¶V 3RQG DQG 9LKDU ODNH� ,Q WKH SUHVHQW
DVVHVVPHQW SURJUDPPH DOO WKH WKUHH ODNHV ZHUH WKRURXJKO\ VWXGLHG GXULQJ SHULRG IRU WKHLU
(FRORJLFDO 4XDOLW\ ,QGH[ �(4,� FDOFXODWHG IURP &DUOVRQ¶V 7URSKLF 6WDWH ,QGH[ �&�76,�� 6LPSVRQ¶V
'LYHUVLW\ ,QGH[ �6',�� DQG :DWHU 4XDOLW\ ,QGH[ �:4,�� $OO WKHVH LQGLFHV ZHUH HVWLPDWHG XVLQJ WKH
REVHUYDWLRQV RI � \HDUV� ,W ZDV REVHUYHG WKDW WKH 5DLQ :DWHU +DUYHVWLQJ 3RQG �5:+ 3RQG�� 013
DQG %KDYDQ¶V 3RQGV ZHUH VRPHZKDW VLPLODU LQ VKRZLQJ HXWURSKLF FRQGLWLRQV DQG 9LKDU ODNH ZDV LQ
PHVRWURSKLF FRQGLWLRQ� %\ FRPSDULQJ 5DLQ :DWHU +DUYHVWLQJ 3RQG DQG %KDYDQ¶V 3RQG� LW ZDV
IXUWKHU FRQFOXGHG WKDW WKHUH ZDV QR VHULRXV LPSDFW RQ ZDWHU TXDOLW\ RI 5:+ 3RQG GXH WR IXOO\ RU
SDUWLDOO\ VWDELOL]HG VROLG ZDVWH GXPSLQJ VLWH� 7KLV PLJKW EH GXH WR FOXVWHUHG VFLHQWLILF SODQWDWLRQ� 6R�
EDVHG RQ DOO WKH REVHUYDWLRQV DQG FRQFOXVLRQV LW FDQ EH UHFRPPHQGHG WKDW VXFK ORZ FRVW 5:+
SRQG FDQ EH HIIHFWLYHO\ XVHG IRU ZDWHULQJ WKH SODQWDWLRQ DQG FRQWUROOLQJ WKH GXVW LQ DEDQGRQHG
ZDVWH GXPSLQJ VLWHV� ,W LV GHVLUDEOH WR GHYHORS D OD\RXW RI JUHHQ FDSSLQJ RI DEDQGRQHG VLWHV ZLWK
5DLQ�:DWHU�+DUYHVWLQJ�3RQG�
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FRQWDPLQDWHG�OHQWLF�ORWLF�ZDWHU�V\VWHPV

6KULVKWL�(FR�5HVHDUFK�,QVWLWXWH��6(5,���3XQH��,QGLD�

�0DKDUDVKWUD�3ROOXWLRQ�&RQWURO�%RDUG��0XPEDL��,QGLD

6KULVKWL�(QYLURQPHQW�DQG�6XVWDLQDELOLW\�6RFLHW\��6(66���3XQH��,QGLD
�
.(<:25'6��5,9(56�$1'�/$.(6��0,&52%,$/�7(&+1,48(6��%,2�(/,0,1$7,21

0LFURELDO GLYHUVLW\ DQG HFRORJ\ LV D IRXQGDWLRQ RI GLDJQRVWLF DQDO\VLV DQG WUHDWPHQW RI
FRQWDPLQDWLRQ VXUIDFH ZDWHU ERGLHV VXFK DV VWUHDPV� ULYHUV DQG ODNHV ZKLFK UHFHLYH KLJK DPRXQWV
RI SROOXWLRQ ORDGV� 6XEVWUDWH DQG KDELWDW VSHFLILFLW\ RI YDULRXV PLFURELDO FRPPXQLWLHV SURYLGHV UDQJH
RI WHFKQLTXHV VXFK DV DHURELF� IDFXOWDWLYH� DQDHURELF VWDQG DORQH DQG FRPELQDWLRQ PHWKRGV WR
GHJUDGH WKH SROOXWLRQ WR DFFHSWDEOH OLPLWV� ,I ELRUHPHGLDWLRQ LV FRPELQHG ZLWK VXLWDEOH QDWXUDOO\
JURZLQJ QDWLYH SODQW VSHFLHV WKH HIIHFW RI GHFRQWDPLQDWLRQ LV SURQRXQFHG� ,W LV QRWLFHG WKDW WKH UDWH
RI GHJUDGDWLRQ LV FRPSDUDWLYHO\ EHWWHU LQ WKH PRGHUDWH FOLPDWLF FRQGLWLRQV� DPELHQW WHPSHUDWXUH
UDQJLQJ IURP �� ± ��R& DV REVHUYHG LQ YDULRXV FDVH VWXGLHV� $XJPHQWDWLRQ RI &RQWDPLQDWHG ZDWHU
ERGLHV¶ QRUPDO PLFURIORUD FDQ EH DFKLHYHG WKURXJK DGGLWLRQ RI VRPH SXUH RU PL[HG FXOWXUHV ZLWK
VWRFN UHOHDVH RU FRQWLQXDO GRVLQJ� (IIHFWLYHQHVV RI WKH DGGLWLRQ FDQ EH PRQLWRUHG XVLQJ VHOHFWLYH
SURFHVV SDUDPHWHUV VXFK DV DXWRWURSKLF� RUJDQRWURSKLF DQG OLWKRWURSKLF DFWLRQV DQG QXPHULFDO
DVVHVVPHQWV� LQ DGGLWLRQ WR SUHVHQFH RI H[WUD�FHOOXODU HQ]\PHV� 3RO\PHU &KDLQ 5HDFWLRQ �3&5�
WHFKQLTXHV FDQ EH XVHG IRU HIIHFWLYH PRQLWRULQJ RI SDWKRJHQV LQ WKH SROOXWHG ZDWHU ERGLHV� ,Q WKLV
SDSHU� DERYHPHQWLRQHG WHFKQLTXHV IRU PHDVXUHPHQW RI PLFURELDO DFWLYLW\ DUH GLVFXVVHG ZLWK WKHLU
HIIHFWLYHQHVV LQ ELRPRQLWRULQJ DQG ELR�HOLPLQDWLRQ RI SROOXWLRQ IURP WKH YLWDO IUHVKZDWHU UHVRXUFHV ±
ULYHUV�DQG�ODNHV�
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FRQWDPLQDWHG�OHQWLF�ORWLF�ZDWHU�V\VWHPV

6KULVKWL�(FR�5HVHDUFK�,QVWLWXWH��6(5,���3XQH��,QGLD

-KHHO�6DQUDNVKDQ�6DPLWL��8GDLSXU��,QGLD

8GDLSXU�&KDPEHU�RI�&RPPHUFH�DQG�,QGXVWU\��,QGLD

*UHHQ�,QIUDVWUXFWXUH��3XQH��,QGLD

9LG\D�%KDZDQ�3RO\WHFKQLF��8GDLSXU�	�-RLQW�6HFUHWDU\��-KHHO�6DQUDNOVKDQ�6DPLWL��,QGLD
�
.(<:25'6��(&2�5(6725$7,21��*5((1�%5,'*(��3(23/(¶6�(1'256(0(17

5LYHU $KDU DQG DVVRFLDWHG ODNH V\VWHP� LQ 8GDLSXU� 5DMDVWKDQ LV VHYHUHO\ FRQWDPLQDWHG GXH WR
ZDVWHZDWHU IURP XUEDQ VSUDZO RI QHDUO\ ��� PLOOLRQ SHRSOH ZKLFK LV D ILIWK RUGHU GUDLQDJH V\VWHP RI
KRO\ ULYHU *DQJHV RI ,QGLD� ,Q WKH IORZ UHJLPH RI WKH ULYHU� LQ�VWUHDP HFRORJLFDO RSHUDWLRQ ZDV
FDUULHG RXW LQ ���� XVLQJ PLFURELDO FRQVRUWLD DQG SODQWV� 6WUHWFK RI WKH ULYHU ZKHUH WKLV KRUL]RQWDO
HFR�ILOWUDWLRQ V\VWHP ZDV LQVWDOOHG JRW UHYLYHG LQ D TXDUWHU \HDU� DQG WKH V\VWHP LV IXQFWLRQDO DV RQ
GDWH RQ LWV RZQ IURP ODVW � \HDUV� ,Q WKLV UHVWRUDWLRQ SURMHFW� VWDNHKROGHUV¶ FRPPXQLW\ RI WKH ULYHU
EDVLQ ZDV G\QDPLFDOO\ HQJDJHG LQ DOO DFWLYLWLHV RI HFR�UHVWRUDWLRQ PHFKDQLVP NQRZQ DV 
JUHHQ
EULGJH V\VWHP
� &RQWLQXDO SHRSOH
V LQYROYHPHQW RQ HFR�UHYLYDO RI $KDU ULYHU SURYHV WKDW
WKHFRQFHSWVRI HFR�K\GURORJ\� HFR�WHFKQRORJ\ DQG SHRSOH
V FRQFHUQHG ZLVGRP RI FRQVHUYDWLRQ RI
ZDWHU UHVRXUFHV FDQ FRH[LVW� 0HFKDQL]HG WUHDWPHQW SURFHVVHV GR QRW FRXQW IRU HFRORJLFDO
UHVWRUDWLRQ DQG JUHDWO\ UHO\ RQ HPSLULFDO GDWD IRU WUHDWPHQW GHVLJQ DV ZHOO DV RQ YHULILFDWLRQ RI YHU\
EURDG SK\VLFR�FKHPLFDO SDUDPHWHUV RI WUHDWHG ZDVWHZDWHU� 7KHVH WUHDWPHQW SODQWV FDQQRW SHUIRUP
EHFDXVH RI ERWK QRQ�HFRORJLFDO DSSURDFK DV ZHOO DV ODFN RI RZQHUVKLS RI VWDNHKROGHUV� 7KH QHHG
LV� WKHUHIRUH� WR H[SORUH WKH ZLVGRP RI SHRSOH DQG EOHQG LW ZLWK VFLHQWLILF LQWHUYHQWLRQV LQ RUGHU WR
VROYH WKH SUREOHPV RI LQGXVWULDO DQG GRPHVWLF VHZDJH RI HQWLUH ZRUOG� 7KLV SDSHU LV D FDVH VWXG\ RI
SHRSOH¶V HFRWHFKQRORJLFDO LQLWLDWLYH RI DSSOLFDWLRQ RI SULQFLSOHV RI HFR�K\GURORJLFDO SULQFLSOHV WR
FRQYHUW�GHDG�ULYHU�DQG�DVVRFLDWHG�ODNH�V\VWHP�LQWR�OLYLQJ�ZDWHU�ERGLHV�
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+HOPKROW]�&HQWUH�IRU�(QYLURQPHQWDO�5HVHDUFK���8)=��'HSDUWPHQW�/DNH�5HVHDUFK��0DJGHEXUJ��*HUPDQ\

+HOPKROW]�&HQWUH�IRU�(QYLURQPHQWDO�5HVHDUFK���8)=��)UHLEXUJ��*HUPDQ\
�
.(<:25'6��3,7�/$.(��$&,',),&$721��0$1$*(0(17

3LW ODNHV DUH DUWLILFLDO ODNHV UHVXOWLQJ IURP VXUIDFH PLQLQJ IRU YDULRXV UDZ PDWHULDOV� 7KHLU QXPEHU
DQG� WKXV� WKHLU UHOHYDQFH DUH LQFUHDVLQJ ZRUOGZLGH GXH WR LQFUHDVLQJ DSSOLFDWLRQ RI VXUIDFH PLQLQJ
LQ WKH ODVW GHFDGHV� :KHQ UHVXOWLQJ IURP PLQLQJ IRU OLJQLWH� FRDO RU PHWDOV� SLW ODNHV DUH RIWHQ DFLGLF
�S+�� DQG VKRZ KLJK FRQFHQWUDWLRQV RI VXOIDWH� PHWDOV DQG WUDFH HOHPHQWV �XS WR JUDPV SHU OLWHU��
7KH\ PD\ FDXVH VHULRXV ULVNV IRU GRZQVWUHDP ZDWHU V\VWHPV� ORFDO SRSXODWLRQ DQG ZLOGOLIH�
+RZHYHU� SLW ODNHV DOVR SURYLGH PDQ\ RSWLRQV RI EHQHILFLDO HQG XVH DQG PD\ FRQVWLWXWH YDOXDEOH
ZDWHU UHVRXUFHV� 5HVHDUFK DG PDQDJHPHQW SUDFWLFH LQ WKH ODVW �� \HDUV KDYH SURYLGHG EDVLF
XQGHUVWDQGLQJ RI WKH OLPQRORJ\ RI SLW ODNHV DQG WHVWHG PDQDJHPHQW RSWLRQV� 7KLV NQRZOHGJH LV
QHHGHG E\ PLQLQJ LQGXVWU\ IRU GHYHORSLQJ DSSURSULDWH PLQH FORVXUH SODQV� E\ UHVSRQVLEOH
DXWKRULWLHV IRU GHFLVLRQ PDNLQJ DQG E\ ODNH PDQDJHUV IRU KDQGOLQJ DOUHDG\ H[LVWLQJ SLW ODNHV EXW QRW
ZLGHO\ UHFRJQL]HG \HW� 7KH SUHVHQWDWLRQ VXPPDUL]HV WKH DYDLODEOH NQRZOHGJH RQ OLPQRORJLFDO
FKDUDFWHULVWLFV DQG PDQDJHPHQW RSWLRQV IRU SLW ODNHV ZLWK HPSKDVLV RQ DFLGLILFDWLRQ DQG ODNHV
UHVXOWLQJ IURP OLJQLWH� FRDO DQG PHWDO PLQLQJ� 6SHFLDO IHDWXUHV RI SLW ODNHV ZLOO EH SUHVHQWHG
UHJDUGLQJ K\GURORJ\ �H�J� LQWHUDFWLRQ ZLWK JURXQGZDWHU XQGHU SRVW�PLQLQJ FRQGLWLRQV�� SK\VLFV �H�J�
LQIOXHQFH RI KLJK FRQFHQWUDWLRQV RQ VWUDWLILFDWLRQ DQG OLJKW�� FKHPLVWU\ �H�J� XQXVXDO UHOHYDQFH RI
LURQ�� DQG ELRORJ\ �H�J� UHGXFHG IRRG ZHEV DW ORZ S+�� $YDLODEOH DSSURDFKHV RI PDQDJHPHQW
FRPSULVH DYRLGDQFH DQG VRXUFH WUHDWPHQW� K\GURORJLFDO PDQDJHPHQW� FKHPLFDO DQG ELRORJLFDO LQ�
ODNH�WUHDWPHQW��DQG�WUHDWPHQW�RI�LQIORZLQJ�DQG�RXWIORZLQJ�ZDWHU�
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6KULVKWL�(QYLURQPHQW�	�6XVWDLQDELOLW\�6RFLHW\��3XQH��,QGLD

([�&KDLUPDQ�&3&%��'HOKL��,QGLD
�
.(<:25'6��$48$7,&�6<67(0��6(/)�385,),&$7,21��0,&52%,$/�0(&+$1,60

(FRORJLFDO UHVWRUDWLRQ RI DQ\ ULYHU RU ODNH ODUJHO\ GHSHQGV RQ WKH UH�HVWDEOLVKPHQW RI IRRG FKDLQ�
'HWULWXV IRRG FKDLQ FRPSULVLQJ PLFURELDO IORUD DQG IDXQD LV IXQGDPHQWDOO\ LQVWUXPHQWDO LQ
ELRFKHPLFDO F\FOH IURP UHVLGXDOV LQWR UHVRXUFHV OLNH VRXUFHV RI FDUERQ� QLWURJHQ� SKRVSKRUXV DORQJ
ZLWK RWKHU HVVHQWLDO QXWULHQWV DQG HQHUJ\� 7KH LQWHUDFWLRQ RI PLFUREHV ZLWK JUHHQ SODQWV LQ
PLFURFRVP IRU WKH WDUJHWHG WDVN RI UHGXFLQJ SROOXWLRQ VWUHVV LV WKH NH\ WR DWWDLQ VHOI�SXULILFDWLRQ
FDSDFLW\ RI OHQWLF � ORWLF V\VWHPV� 7KLV SDSHU HQOLVWV DSSOLFDWLRQ RI YDULRXV WHFKQRORJLHV HPSOR\LQJ
PLFURELDO FRQVRUWLD� QDQR IRUPV DQG EDFWHULRSKDJHV ZLWK WKHLU WKHLU HIILFDF\ LQ DFKLHYLQJ WKH SULVWLQH
QDWXUH RI ZDWHU ERG\� 7KHVH WHFKQRORJLHV VXSSRUW WKH LQGLJHQRXV PLFUR IORUD UHVSRQVLEOH IRU LQ VLWX
SXULILFDWLRQ RI ZDWHU E\ RSWLPDO FRQFHQWUDWLRQ RI PLFURELDO UHOHDVH LQ WKH ZDWHU ERG\ DW D UHJXODU
LQWHUYDO DW ELR�DXJPHQWHG EDQNV� 7HFKQRORJLFDO HIILFLHQF\ LQ WHUPV RI ELR�NLQHWLFV RI DHURELF �
DQDHURELF PLFURELDO PHFKDQLVPV RI SROOXWLRQ UHGXFWLRQ LQ WKH DTXDWLF V\VWHPV ZLWK XVH RI FHUWDLQ
UHSRUWHG�QDQRIRUPV�DQG�EDFWHULRSKDJHV�LV�GLVFXVVHG�LQ�GHWDLO�
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.DVFR�0DULQH��3UHVFRWW���86$
�
.(<:25'6��5('2;�327(17,$/��:$7(5�48$/,7<��$(5$7,21�7(&+1,48(

$V QDWLRQV GHYHORS LW LV FULWLFDO WR WKHLU RYHUDOO VXFFHVV WR SDUWO\ IRFXV RQ PDQDJLQJ WKH RYHUDOO
ZDWHU TXDOLW\ RI WKHLU ODNHV ZKLFK FRPPDQG IRFXV IURP WKH UHVW RI WKH ZRUOG� /DNHV FDQ DQG VKRXOG
EH WKH VKRZFDVH RI QDWXUDO EHDXW\ DQG SULGH� 7KH JRDO RI ODNH PDQDJHPHQW SURIHVVLRQDOV LV WR
PDLQWDLQ RU LPSURYH ZDWHU TXDOLW\ RI WKH DTXDWLF HQYLURQPHQW WKH\ DUH WDVNHG ZLWK PDQDJLQJ�
$HUDWLRQ LV RQH RI WKH PRVW ZLGHO\ XVHG� DQG LQ VRPH FDVHV PLVXQGHUVWRRG� ODNH PDQDJHPHQW
WHFKQLTXHV� 7KH PRVW LPSRUWDQW ZDWHU TXDOLW\ SDUDPHWHU IRU ODNHV LV GLVVROYHG R[\JHQ ZKLFK FDQ EH
SDLUHG ZLWK UHGR[ SRWHQWLDO� :KHQ WKH DSSURSULDWH DHUDWLRQ WHFKQLTXH LV SURSHUO\ GHVLJQHG DQG
HPSOR\HG WKH VHOI SROOXWLQJ HIIHFW RI DTXDWLF V\VWHPV DUH JUHDWO\ UHGXFHG DQG WKH DVVLPLODWLRQ
FDSDFLW\ LQFUHDVHV� :LWKLQ WKH 8QLWHG 6WDWHV WKH &OHDQ :DWHU $FW RI ���� VWDWHV DOO ERGLHV RI ZDWHU
PXVW PDLQWDLQ GLVVROYHG R[\JHQ OHYHOV RI � SSP RU JUHDWHU� ,W LV NQRZQ WKDW PDQ\ ERGLHV RI ZDWHU
GR QRW PHHW WKRVH FULWHULD ERWK LQ WKH 8QLWHG 6WDWHV DQG ZRUOG�ZLGH� $ UHYLHZ RI NQRZQ
DHUDWLRQ�FLUFXODWLRQ�R[\JHQDWLRQ� GHVWUDWLILFDWLRQ DSSURDFKHV ZLOO EH GLVFXVVHG WR LQFOXGH
DGYDQWDJHV DQG GLVDGYDQWDJHV DQG HFRQRPLFV ZLWK WKHVH PDQDJHPHQW WHFKQLTXHV� &DVH VWXGLHV
ZLOO LQGLFDWH R[\JHQ WR WKH VHGLPHQW ZDWHU LQWHUIDFH DV ZHOO DV HOLPLQDWLRQ RI WKHUPDO�FKHPLFDO
VWUDWLILFDWLRQ SRVLWLYHO\ LPSDFWV RYHUDOO ZDWHU TXDOLW\ DQG ILVK KDELWDW� :KHQ XVHG DSSURSULDWHO\�
DHUDWLRQ�FDQ�EH�D�YHU\�HIIHFWLYH�ODNH�PDQDJHPHQW�WRRO�
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:RUFHVWHU�3RO\WHFKQLF�,QVWLWXWH��:RUFHVWHU��86$
�
.(<:25'6��'250,725,(6��6867$,1$%/(�%8,/',1*6��:$7(5�&2168037,21

:RUOGZLGH GHSOHWLRQ RI UHVRXUFHV KDV EURXJKW PDQ\ VXVWDLQDELOLW\ LVVXHV RI EXLOGLQJV WR WKH
IRUHIURQW� LQFOXGLQJ WKH FRQVXPSWLRQ RI ZDWHU�XVH IRU LQGRRU SXUSRVHV� 7KH WKLUG ODUJHVW
FRQVXPSWLRQ RI ZDWHU RFFXUV LQ EXLOGLQJV� PDLQO\ IRU IOXVKLQJ DQG SHUVRQDO K\JLHQH� 7KH 8QLWHG
6WDWHV 'HSDUWPHQW RI (QHUJ\ DQG WKH (XURSHDQ &RPPLVVLRQ SODFH GRPHVWLF ZDWHU XVH DW PRUH
WKDQ ��� OLWHUV SHU SHUVRQ SHU GD\� 7KLV SDSHU H[DPLQHV WZR UHODWHG DVSHFWV� WKH WHPSHUDWXUH DQG
TXDQWLW\ RI ZDWHU FRQVXPSWLRQ LQ EXLOGLQJV ZLWK GLIIHUHQW OHYHOV RI VXVWDLQDELOLW\� )LUVW� WKH SDSHU
SUHVHQWV WKH UHVXOWV RI D VKRZHUKHDGV DQG IDXFHW DHUDWRUV PHWHULQJ VWXG\� DQG WKHLU LPSDFWV RQ WKH
HQHUJ\ FRQVXPSWLRQ� 7KHQ� WKH ZDWHU FRQVXPSWLRQ LQ /HDGHUVKLS LQ (QHUJ\ DQG (QYLURQPHQWDO
'HVLJQ �/(('� DQG QRQ�/((' GRUPLWRULHV RYHU VHYHUDO \HDUV LV FRPSDUHG� 7KUHH /((' DQG VL[
QRQ�/((' GRUPLWRULHV� VHUYLQJ RYHU ���� VWXGHQWV� ZHUH VHOHFWHG IRU WKLV DQDO\VLV� 7KH SHUFHSWLRQ
RI ZDWHU FRQVXPSWLRQ EHKDYLRU RI RFFXSDQWV KDV DOVR EHHQ LQYHVWLJDWHG WKURXJK RQOLQH XVHUV¶
VXUYH\V� $ FRPSDULVRQ DPRQJ WKH GHVLJQ HYDOXDWLRQ� DFWXDO ZDWHU FRQVXPSWLRQ� DQG VXEMHFWLYHO\
HYDOXDWHG FRQVXPSWLRQ DOORZV KLJKOLJKWLQJ ZDWHU FRQVXPSWLRQ LQ GRUPLWRULHV� ,Q SDUWLFXODU� WKH
ZDWHU ILOWUDWLRQ V\VWHP XVHG LQ D EXLOGLQJ DLPLQJ WR ]HUR ZDWHU FRQVXPSWLRQ LV GHVFULEHG�
7HFKQRORJLHV IRU XVLQJ UDLQ ZDWHU LQ EXLOGLQJV DUH KHQFH FRPSDUHG� )LQDOO\� WKLV SDSHU GLVFXVVHV
VHYHUDO NH\ YDULDEOHV WKDW LPSDFW ZDWHU XVH RI EXLOGLQJV DQG DLPV WR VWUHVV WKH LPSRUWDQFH RI WKLV
UHVRXUFH�IRU�VXVWDLQDELOLW\�
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7UDVLPHQR ODNH
V HQYLURQPHQW RIIHUV D JRRG DYDLODELOLW\ RI UHVLGXDO ELRPDVV VXFK DV FRPPRQ UHHG
�3KUDJPLWHV $XVWUDOLV�� 7KDQNV WR UHFHQW DGYDQFHPHQW LQ FRQYHUVLRQ WHFKQRORJLHV WKLV IHHGVWRFN
FDQ EH XVHG IRU WKH SURGXFWLRQ RI FHOOXORVLF HWKDQRO DV D VXEVWLWXWH IRU WUDGLWLRQDO IRVVLO IXHOV XVLQJ
ORFDO UHVRXUFHV� 6HFRQG JHQHUDWLRQ ELRHWKDQRO REWDLQHG IURP OLJQR�FHOOXORVLF PDWWHU DYRLGV WKH
IRRG�HQHUJ\ FRPSHWLWLRQ PDNLQJ WKLV IXHO KLJKO\ VXVWDLQDEOH� 7KH VWXG\ ZLOO FDUU\ RXW DQ RSWLPL]DWLRQ
RI WKH SURFHVV XVLQJ VWHDP H[SORVLRQ SUH�WUHDWPHQW DW GLIIHUHQW VHYHULW\ SDUDPHWHU �5�� YDOXHV�
6WHDP H[SORVLRQ SURWRW\SH KDV D UDQJH RI WHPSHUDWXUH EHWZHHQ ��� DQG ��� �&� WKH PD[LPXP
V\VWHP VL]H LV DURXQG � NJ LQSXW ELRPDVV HDFK F\FOH� 7KH SUHWUHDWHG PDWHULDO LV VHSDUDWHG E\ D
VLHYH LQ RUGHU WR REWDLQ :,6 �ZDWHU LQVROXEOH VXEVWUDWH� DQG OLTXLG IUDFWLRQ� :,6 LV ZDVKHG DQG
SUHVVHG WR UHPRYH LQKLELWRUV DQG UHPDLQLQJ KHPLFHOOXORVH� (Q]\PDWLF K\GURO\VLV LV FDUULHG RXW LQ D
��/ UHDFWRU XVLQJ &HOOLF�&WHF� SURYLGHG E\ 1RYR]\PHV� ZKLFK FRQVLVWV RI D EOHQG RI DJJUHVVLYH
FHOOXODVHV �HQGRFHOOXODVH DQG H[RFHOOXODVH�� ȕ�JOXFRVLGDVHV DQG KHPLFHOOXORVH� )HUPHQWDWLRQ LV
FDUULHG RXW LQ WKH VDPH ��/ UHDFWRU XVLQJ 6DFFKDURP\FHV FHUHYLVLDH \HDVW �³UHG HWKDQRO´� SURYLGHG
E\ )HUPHQWLV� 7KH FKDUDFWHUL]DWLRQ RI UDZ PDWHULDO� LQWHUPHGLDWH SURGXFW �VROLG DQG OLTXLG
SUHWUHDWHG PDWHULDO� VDPSOHV GXULQJ K\GURO\VLV DQG IHUPHQWDWLRQ� ILQDO SURGXFWV� LV FDUULHG RXW E\
+3/& �+LJK 3HUIRUPDQFH /LTXLG &KURPDWRJUDSK\�� 0RUHRYHU WKH HWKDQRO \LHOG ZLOO EH LQYHVWLJDWHG
XVLQJ GLIIHUHQW YDOXHV RI VROLG ORDGLQJ DQG HQ]\PH GRVDJH ZLWK D VLPXOWDQHRXV VDFFKDULILFDWLRQ
IHUPHQWDWLRQ �66)� SURFHVV� LQYHVWLJDWLQJ WKH SRVVLELOLW\ WR FR�IHUPHQW VROLG DQG OLTXLG IUDFWLRQV
REWDLQHG�IURP�SUH�WUHDWPHQW�
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/DNHV SOD\ DQ LPSRUWDQW UROH LQ GHWHUPLQLQJ ERWK JOREDO DQG ORFDO ERXQGDU\ FOLPDWH FRQGLWLRQV� DQG
FDQ VLJQLILFDQWO\ FRQWULEXWH WR VXVWDLQDEOH GHYHORSPHQW� JLYHQ WKHLU KLJK FDUERQ VHTXHVWUDWLRQ
SRWHQWLDO DQG LQQHU HQHUJ\ VRXUFH� $GGLWLRQDOO\� WKH\ DUH H[FHOOHQW PHPRU\ FXVWRGLDQV RI JOREDO
FOLPDWH FKDQJH� WKDQNV WR WKH DELOLW\ WR VWRUH KHDW LQ WKHLU K\SROLPQHWLF ZDWHU DQG WKURXJK WKH WUDFHV
OHIW LQ VHGLPHQWV GXULQJ WKH FRXUVH RI WKH FHQWXULHV� ,Q SDUWLFXODU� WKH SUHVHQFH RI PDVVHV RI ZDWHU
SURGXFHV LPSRUWDQW GDPSLQJ HIIHFW IRU WKH RVFLOODWLRQV RI GDLO\ DQG DQQXDO DLU WHPSHUDWXUH� ,Q WKLV
VFHQDULR� WKH SXUSRVH RI WKH UHVHDUFK ZRUN LV WR LQYHVWLJDWH KRZ PLFUR�FOLPDWH DQG PHVR�FOLPDWH
ERXQGDU\ FRQGLWLRQV DUH LQIOXHQFHG E\ WKH SUHVHQFH RI ODNHV� ,Q SDUWLFXODU� WKH 7UDVLPHQR ODNH ����
NP�� VLWXDWHG LQ 3HUXJLD �&HQWUDO ,WDO\� LV VHOHFWHG DV FDVH VWXG\� DQG WKH FOLPDWRORJLFDO
DVVHVVPHQW RI IRXU GLIIHUHQW DUHDV ORFDWHG DURXQG LWV EDVLQ LV FDUULHG RXW WR HYDOXDWH PLFURFOLPDWH
VLQJXODULWLHV GHWHUPLQHG E\ WKH ODNH¶V SUHVHQFH� 7R WKLV DLP� IRXU PLFURFOLPDWH PRQLWRULQJ VHQVRUV
KDYH EHHQ LQVWDOOHG LQ -DQXDU\ ���� ZLWK WKH SXUSRVH WR HODERUDWH QHZ VSHFLILF ORFDO ZHDWKHU
SURILOHV DQG WR FKDUDFWHUL]H HQYLURQPHQWDO ERXQGDU\ FRQGLWLRQV DURXQG WKH ODNH� LQ WHUPV RI DLU
WHPSHUDWXUH DQG UHODWLYH KXPLGLW\� � 7KHVH FRQWLQXRXVO\ PRQLWRUHG GDWD DUH WKHUHIRUH XVHG WR
LQYHVWLJDWH WKH HIIHFW RI WKH ODNH¶V SUHVHQFH LQ WKH WKHUPDO�HQHUJ\ EHKDYLRU RI EXLOGLQJV DQG HQHUJ\
SODQWV¶ HIILFLHQF\�LQ FRPSDULVRQ ZLWK ERWK XUEDQ DQG VXEXUEDQ PRQLWRULQJ VWDWLRQV� 7KHUHIRUH� WKH
YDULDWLRQ RI WKH WKHUPDO�HQHUJ\ SHUIRUPDQFH RI WKH EXLOGLQJV VLWXDWHG LQ WKH SUR[LPLW\ RI WKH ODNH LV
DVVHVVHG WKURXJK G\QDPLF WKHUPDO�HQHUJ\ VLPXODWLRQ� LQ RUGHU WR LQYHVWLJDWH WKH H[WHQW WR ZKLFK
WKH EXLOW HQYLURQPHQW LV DIIHFWHG E\ WKH ODNH¶V SUHVHQFH� 7KH ILQDO REMHFWLYH LV WR LQYHVWLJDWH WKH
YDULDWLRQ RI WKH H[WHUQDO FOLPDWH ERXQGDU\ ZLWK UHIHUHQFH WR �L� ODNH HQYLURQPHQW� �LL� XUEDQ
HQYLURQPHQW� DQG �LLL� VXEXUEDQ HQYLURQPHQW� DQG WR GHWHUPLQH WKHLU LQWHUDFWLRQV ZLWK EXLOGLQJV¶
WKHUPDO�HQHUJ\�SHUIRUPDQFH�
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1DQRFU\VWDOOLQH FHOOXORVH �1&&� LV DQ KLJK TXDOLW\ ELR�EDVHG SURGXFW� REWDLQDEOH IURP FHOOXORVLF
PDWUL[ �H�J� UHVLGXDO ELRPDVV� DQG LWV UHOHYDQW FURVV�VHFWRU SURSHUWLHV KDYH EHHQ VFLHQWLILFDOO\
GHPRQVWUDWHG� &XUUHQWO\� D PDMRU EDUULHU WR EH RYHUFRPH LV WKH VXVWDLQDELOLW\ RI WKH SURGXFWLRQ
SURFHVV� ORRNLQJ IRUZDUG IRU LQGXVWULDO VFDOLQJ XS SXUSRVHV� $ SURPLVLQJ SURGXFWLRQ PHWKRG
FRQVLVWV LQ WKH XVH RI LRQLF OLTXLG WHFKQLTXH� DOORZLQJ WKH GHFRQVWUXFWLRQ RI FHOOXORVH DQG WKH
UHFODLPLQJ RI LWV FU\VWDOOLQH FRQWHQW� XVLQJ DOWHUQDWLYH VXVWDLQDEOH FRPSRQHQWV� 7KH SUHVHQW ZRUN
ZLOO SUHVHQW WKH PDLQ UHVXOWV FRPLQJ IURP WKH SURGXFWLRQ RI FHOOXORVH QDQRFU\VWDOV IURP SKUDJPLWHV
DXVWUDOLV WKDW LV D YHU\ FRPPRQ DUERUHDO YDULHW\ ZLGHVSUHDG DORQJ ODNH ULYHUV� 7KH H[SORLWDWLRQ RI
VXFK D UHVRXUFH FDQ EH FRQWULEXWRU\ IRU ERWK WR WKH ZDVWH PDQDJHPHQW WDVN DQG WR WKH ELRUHILQHU\
YLVLRQ� DFKLHYLQJ WKH FRPELQHG SURGXFWLRQ RI HQHUJ\ �ELRIXHOV� DQG PDWHULDOV �ELREDVHG SURGXFWV��
,Q WKLV FRQWH[W� DQG SDUDOOHO WR DQ LQWHQVLYH ELRHWKDQRO SURGXFWLRQ FDPSDLJQ DW &5% /DEV� WZR
GLIIHUHQW PHWKRGV ZHUH DSSOLHG �DQG FRPSDUHG LQ WHUPV RI SURGXFWLRQ HIILFLHQF\� WR REWDLQ 1&&� WKH
PHWKRG LQFOXGLQJ DQ DFLG K\GURO\VLV VWHS �XVLQJ �� YRO� Z�Z +�62�� DQG WKH SURFHGXUH H[SORLWLQJ
WKH JUHHQ LRQLF OLTXLGV� 7KH 6(0 FKDUDFWHUL]DWLRQ DQDO\VHV IRU WKH REWDLQHG 1&& VDPSOHV DUH DOVR
SUHVHQWHG��WRJHWKHU�ZLWK�WKH�PDLQ�IXWXUH�SURVSHFWV�RI�WKH�UHVHDUFK�
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7UDVLPHQR /DNH LV FRQVLGHUHG D KLJK YDOXH HFRV\VWHP GXH WR LWV ZLGH ELRGLYHUVLW\� 7RGD\� ¿VKLQJ LV
VWLOO RQH RI WKH PDLQ FRPPHUFLDO DFWLYLWLHV RI WKH DUHD� 2ZLQJ WR WKH LQWURGXFWLRQ RI H[RWLF VSHFLHV�
SURIRXQG FKDQJHV KDYH RFFXUUHG LQ WKH FRPSRVLWLRQ RI WKH ¿VK FRPPXQLW\� 7KH QHZ VSHFLHV VXFK
DV 3URFDPEDUXV FODUNLL DQG &DUDVVLXV DXUDWXV �*ROG ILVK� KDYH DGDSWHG ZHOO� ZKLOH WKH LQGLJHQRXV
VSHFLHV VXFK DV WHQFK� FDUS� SLNH DQG HHO� KDYH GHFOLQHG RYHU WKH \HDUV LQ DEXQGDQFH� 6LQFH WKH
����V WKH JROG¿VK KDV EHHQ IRXQG LQ /DNH 7UDVLPHQR DQG� LW JUDGXDOO\ LQFUHDVHG LQ QXPEHU DQG LV
FXUUHQWO\ WKH GRPLQDQW VSHFLHV FDXJKW E\ SURIHVVLRQDO ¿VKHUPHQ� 7KH 5HJLRQDO )XQG 365 8PEULD
��������� �&RRSHUDWLRQ IRU WKH GHYHORSPHQW RI LQQRYDWLYH SURGXFWV� SURFHVVHV DQG WHFKQRORJLHV
IRU DJULFXOWXUDO� IRRG DQG IRUHVW VHUYLFH� LV VXSSRUWLQJ D 5	' SURMHFW UHODWHG WR WKH /DNH 7UDVLPHQR
LQ RUGHU WR� HQKDQFH WKH NQRZOHGJH RI LWV ILVK IDXQD� SUHSDUH SODQV IRU WKH FRQWURO RI WKH IRUHLJQ
VSHFLHV DQG IRU WKH SUHVHUYDWLRQ RI WKH HFRV\VWHP DQG PRGHUQL]H SURIHVVLRQDO ILVKLQJ DFWLYLW\�
$QRWKHU DLP RI WKH SURMHFW LV WR VWXG\ D QHZ SURFHVV IRU WDNH LQ DGYDQWDJH RI WKH DEXQGDQFH RI WKLV
VSHFLHV WR REWDLQ D QHZ ILVK SURGXFW ZLWK KLJK QXWULWLRQDO TXDOLW\ DSSUHFLDWH WR WKH FRQVXPHU XVLQJ
ORFDO DURPDWLF KHUE DQG KLJK TXDOLW\ ROLYH RLO LV XVHIXO WR HQKDQFH WKH TXDOLW\ RI WKH ILVKLQJ SURGXFWV
RI /DNH 7UDVLPHQR DQG WR FUHDWH D KLJK TXDOLW\ EUDQG RI WKH DUHD� %XW LQIRUPHG FRQVXPHUV ZDQWV WR
EH UHDVVXUHG DERXW IRRG RULJLQ DQG DOVR DERXW TXDOLW\ DQG WKH SURMHFW� LQ DGGLFWLRQ� DOORZ LQQRYDWLYH
WHVWV WR PRQLWRU WKH FROG FKDLQ VXFK DV WLPH WHPSHUDWXUH LQGLFDWRU ODEHOV� 7KHVH V\VWHPV DUH XVHU
IULHQGO\ DQG DOORZ WR YHULI\ LI WKH WHPSHUDWXUH RI WKH SURGXFW KDV H[FHHGHG WKH FRUUHFW VWRUDJH
YDOXH�
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&,5,$) JURXS KDV EHHQ UHVHDUFKLQJ DURXQG UHQHZDEOH VRXUFHV IRU HQHUJ\ SURGXFWLRQ VLQFH \HDUV�
7KH )$&(% SURMHFW ZDV DLPHG DW GHYHORSLQJ QHZ SURWRW\SH PRGHOV LQ RUGHU WR XVH DQG YDORUL]H
WKH HQHUJ\ DSSOLFDWLRQV RI ORFDO ZDVWHG ELRPDVVHV WR EH SLFNHG XS IURP WKH DUHDV DURXQG VWUHHWV
DQG RWKHU QRQ�YDOXDWHG VRXUFHV� 7KH SURJUDP &,5,$) )25 81(6&2 LV DLPHG DW YDORUL]LQJ IURP D
ERWK HQHUJ\ DQG HFRQRPLF SRLQW RI YLHZV WKH SRVVLEOH XVH RI ZDVWHG QDWXUDO ELRPDVVHV ORFDWHG LQ
FORVH SUR[LPLW\ WR ZDWHU UHVRXUFHV� 7KLV SUDFWLFH FRXOG FRQWULEXWH WR LPSRUWDQW ORFDO HQHUJ\ VXSSO\
VROXWLRQV EXW DOVR WR WKH JHQHUDO VRFLR�HFRQRPLFDO EHQHILW GHULYLQJ IURP WKH XVHIXO DQG SURILWDEOH
PDLQWHQDQFH RI ZDWHU UHVRXUFHV¶ SHUWLQHQFH� 6WDUWLQJ IURP SUHYLRXV FRQVLGHDUDWLRQV� WKLV DQDO\VLV
FRQFHUQV SUHOLPLQDU VWXGLHV DURXQG WKH GHVLJQ DQG FRQVWUXFWLRQ RI D QHZ FRJHQHUDWLRQ HQHUJ\
SODQW� ZLWK ORFDO ELRPDVV IURP 8PEULDQ ULYHUV¶ SHUWLQHQFH DUH FROOHFWHG DQG VXSSOLHG LQ RUGHU WR
SURGXFH���0:HO�
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5LYHU PDLQWHQDQFH RSHUDWLRQV DUH SUHYHQWDWLYH PHDVXUHV DLPHG DW UHGXFLQJ WKH LPSDFW RI IORRGV�
7KH WKLFNHU RU GHQVHU WKH YHJHWDWLRQ LQ WKH ULYHU EDQN� WKH VORZHU DQG WKH KLJKHU WKH RYHUIORZ ZDYH�
)XUWKHUPRUH WKH ULYHU EDQNV DUH D VXLWDEOH HQYLURQPHQW IRU WKH JURZWK RI VHYHUDO VSHFLHV WKDW
FROOHFW KLJK DPRXQWV RI ELRPDVVHV� 2Q WKH RWKHU KDQG� QR JDVLILHU RQ WKH PDUNHW LV VXLWDEOH IRU WKLV
NLQG RI IHHGVWRFN� ,Q VHYHUDO FDVHV WKH DVK FRQWHQW LV WRR KLJK DQG� EHVLGHV� WKH GLPHQVLRQV DUH IDU
DZD\ IURP ZRRGFKLS JDVLILHUV VWDQGDUGV� 7KLV ZRUN LV SULPDU\ DLPHG DW GHYHORSLQJ D FRXSOHG
PRGHO IRU WKH SUHGLFWLRQ RI WKH H[SORLWDEOH ELRPDVV DPRXQW IURP WKH ULYHUV PDLQWHQDQFH� 7KHVH
GDWD DUH WKHQ XVHG LQ D VHFRQG PRGHO� WRJHWKHU ZLWK WKH FKHPLFDO DQG SK\VLFDO FKDUDFWHULVWLFV RI
WKH W\SLFDO ELRPDVVHV FROOHFWHG� 7KH VHFRQG PRGHO SUHGLFWV WKH HQHUJ\ FRQYHUVLRQ HIILFLHQF\ DQG
WKH WRWDO HOHFWULFDO HQHUJ\ H[WUDFWDEOH IURP D ]RQH PDLQWHQDQFH� )LQDOO\� WKH GHVLJQ VSHFV RI D
LQQRYDWLYH�JDVLILHU�IRU�UDZ�IHHGVWRFN�FRQYHUVLRQ�DUH�SURSRVHG�
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9HUD�/XFLDQL�*LDUGLQL��,WDO\

9HUD�/XFLDQL�*LDUGLQL��,WDO\
�
.(<:25'6��%,2�/$.(��/$1'6&$3(��:$7(5�2;<*(1$7,21

7KH ELR�ODNH ORFDWHG QHDUE\ /XFLJQDQR �$UH]]R� LV RQH RI WKH PRVW LQWHUHVWLQJIRUWLILHG YLOODJH HYHU
EXLOW LQ 7XVFDQ\ LQ WKH ��WK FHQWXU\� ,W UHSUHVHQWV D JUHDWYDOXDEOH HOHPHQW RI DQ KRPHVWHDG ZKLFK
KDV EHHQ WRWDOO\ UHIXUELVKHG E\ XVLQJRULJLQDO DQG UHFRYHUHG VWRQHV DQG PDWHULDO� 7KH H[WUDRUGLQDU\
ULFKQHVV LQ IORUD DQGIDXQD W\SLFDO RI WKH ELR�ODNH KDELWDW FRQWULEXWHV WR SHUIHFWO\ LQWHJUDWH WKH SRRO
ZLWKLQWKH VXUURXQGLQJ KLOO ODQGVFDSH DQG PDNHV LW DQ LGHDO SODFH IRU UHOD[LQJ DQG EDWKLQJ�7KH ELR�
ODNH LV 6RXWK (DVW RULHQWHG DQG FRQVLVWV RI D EDWKLQJ SRRO RI DERXW ��� P�� IURP ��� WR ���
FP GHHS� OLQHG ZLWK D ZDWHUSURRI IDEULF PDGH RIUHF\FODEOH (3'0 �QR FRQFUHWH�� 7KH ZDWHU
R[\JHQDWLRQ LV QDWXUDOO\ JUDQWHG WKDQNV WR VSHFLILF SODQWV DEOH WR DEVRUE KHDY\ PHWDOV DQG WR ILOWHU
WKH QXWULHQWV DQGWKH HYHQWXDOO\ WR[LF RUJDQLFV FRPSRQHQWV� 7KHVH SODQWV DUH SODFHG LQ
WKHGHSXUDWLRQ SRRO EXLOW RQ WRS RI WKH EDWKLQJ DUHD ���� FP KLJKHU� DQG OLQNHG WR LWYLD D
VPDOO VWUHDPOHW� $URXQG DQG DVLGH WKH EDWKLQJ SRRO WKH EDQN DUHDV HQVXUHZDWHU UHJHQHUDWLRQ�
7KHVH DUHDV DUH EXLOW ZLWK ORFDO VWRQHV DQG JUDYHO� DQGERUGHUHG ZLWK D VWULQJFRXUVH EXLOW E\ XVLQJ
WKH�DQFLHQW�WHFKQLTXH�RI�WKH�GU\�ZDOO�ZLWKRXW�FKHPLFDOV�JOXH�DQG�RU�FHPHQW��
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&,5,$)���8QLYHUVLW\�RI�3HUXJLD��,WDO\

&,5,$)���8QLYHUVLW\�RI�3HUXJLD��,WDO\

&,5,$)���8QLYHUVLW\�RI�3HUXJLD��,WDO\

&,5,$)���8QLYHUVLW\�RI�3HUXJLD��,WDO\

&,5,$)���8QLYHUVLW\�RI�3HUXJLD��,WDO\

&,5,$)���8QLYHUVLW\�RI�3HUXJLD��,WDO\

&,5,$)���8QLYHUVLW\�RI�3HUXJLD��,WDO\
�
.(<:25'6��0$56+�5(('��7+(50$/�%,20$66�%2,/(5��1$785$/�%,20$66�)520�/$.(

7KH ODNH VKRUHV FDQ RIIHU WKH DEXQGDQFH RI D SDUWLFXODU VSRQWDQHRXV ELRPDVV DV WKH PDUVK UHHG
�$UXQGR GRQD[� JURZLQJ DW YHU\ KLJK VSHHG� YHU\ UHVLVWDQW WR H[WUHPH ZHDWKHU HYHQWV� 7KH QHHG IRU
PDLQWHQDQFH RI WKH ODNH VKRUHV RIIHUV WKH SRVVLELOLW\ RI FROOHFWLQJ DQG VWRUH WKLV ELRPDVV LQ ODUJH
TXDQWLWLHV� 7KH UHHG FDQ EH KDUYHVWHG DQG SURFHVVHG IRU WKH SURGXFWLRQ RI D ORZ�FRVW ELRIXHO ZLWK D
ORZ PRLVWXUH FRQWHQW� WR EH VWRUHG DQG WUDQVSRUWHG LQ WKH IRUP RI EULTXHWWHV WR VXSSO\ D ELRPDVV
ERLOHU IRU WKHUPDO HQHUJ\ SURGXFWLRQ� ,Q WKLV ZRUN D FDVH VWXG\ VXFK DV DQ DSSOLFDWLRQ WR D VFKRRO LV
DQDO\]HG� DQ HFRQRPLF DQG HQYLURQPHQWDO DQDO\VLV LV SURYLGHG� UHIHUULQJ WR WKH ZKROH FKDLQ RI WKH
ELRPDVV FROOHFWLRQ� WUHDWPHQWV DQG HQHUJ\ HQKDQFHPHQW IRU WKH WKHUPDO HQHUJ\ SURGXFWLRQ�
UHSODFLQJ�WKH�FXUUHQW�IRVVLO�IXHO�ERLOHU
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&,5,$)���%LRPDVV�5HVHDUFK�&HQWUH��8QLYHUVLW\�RI�3HUXJLD��,WDO\

&,5,$)���%LRPDVV�5HVHDUFK�&HQWUH��8QLYHUVLW\�RI�3HUXJLD��,WDO\

&,5,$)���%LRPDVV�5HVHDUFK�&HQWUH��8QLYHUVLW\�RI�3HUXJLD��,WDO\

&XVDQR�8QLYHUVLW\��5RPH��,WDO\

&,5,$)���%LRPDVV�5HVHDUFK�&HQWUH��8QLYHUVLW\�RI�3HUXJLD��,WDO\

&,5,$)���%LRPDVV�5HVHDUFK�&HQWUH��8QLYHUVLW\�RI�3HUXJLD��,WDO\
�
.(<:25'6��*(27+(50$/�+($7�3803��/$.(�:$7(5

7KH ORZ HQWKDOS\ JHRWKHUPDO KHDW SXPSV H[SORLW WKH SUHVHQFH RI D WKHUPDO VRXUFH DW D IL[HG
WHPSHUDWXUH� ZKLFK HQVXUHV D WKHUPDO KHDG XVHIXO WR UHGXFH WKH HQHUJ\ FRVWV QHFHVVDU\ IRU LQGRRU
KHDWLQJ DQG FRROLQJ� $ KHDW SXPS SODQW FRQVLVWV RI WKUHH FRPSRQHQWV� KHDW H[FKDQJHUV LQWHUDFWLQJ
ZLWK WKH H[WHUQDO VRXUFH� KHDW SXPS DQG WKH SLSLQJ V\VWHP WKURXJK WHUPLQDO HOHPHQWV IRU LQGRRU
FRQGLWLRQLQJ� *HRWKHUPDO SRZHU LV D UHQHZDEOH HQHUJ\ VRXUFH FKDUDFWHUL]HG E\ D KXJH SRWHQWLDO
EXW SUHVHQWLQJ KLJK FRVWV DQG VLJQLILFDQW HQYLURQPHQWDO LPSDFWV DQG ULVNV GXULQJ WKH UHDOL]DWLRQ DQG
WKH FRQGXFWLRQ RI WKH SODQW� 7KH LGHD LV WR RYHUFRPH WKHVH UHVWUDLQWV XVLQJ ZDWHU KHDW SXPSV� 7KLV
ZRUN DLPV DW UHYLHZLQJ WKH VWDWH RI WKH DUW RI PHQWLRQHG WHFKQRORJLHV VKRZLQJ KRZ WKH ZDWHU KHDW
SXPS V\VWHPV DUH FKDUDFWHUL]HG E\ WKH KLJKHVW HIILFLHQF\� IRU WKH GLUHFW KHDW H[FKDQJH EHWZHHQ
KHDW SXPS DQG WKHUPDO VRXUFH� DQG WKH ORZHVW HFRQRPLF FRVWV� ZLWK SDUWLFXODU DWWHQWLRQ WR WKH
LQWHJUDWLRQ RI WKLV WHFKQRORJ\ LQ ODNHV¶ HQYLURQPHQW� $ FDVH RI VWXG\ DSSOLHG WR WKH ZDWHU IURP WKH
/DNH�7UDVLPHQR�LV�VKRZQ�
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&,5,$)���%LRPDVV�5HVHDUFK�&HQWUH��8QLYHUVLW\�RI�3HUXJLD��,WDO\

&XVDQR�8QLYHUVLW\��5RPH��,WDO\

&,5,$)���%LRPDVV�5HVHDUFK�&HQWUH��8QLYHUVLW\�RI�3HUXJLD��,WDO\

&,5,$)���8QLYHUVLW\�RI�3HUXJLD��,WDO\
�
.(<:25'6��3+27292/7$,&6��+<'5232:(5��585$/�72:(5

7KH LPEDODQFHV LQ WKH HOHFWULFLW\ JULG SURGXFHG E\ QRW SURJUDPPDEOH UHQHZDEOH HQHUJ\ VRXUFHV DV
ZLQG DQG VRODU RQHV� FDQ EH VROYHG LQWHJUDWLQJ WKH HQHUJ\ SURGXFWLRQ SODQWV ZLWK GLVWULEXWLRQ QHW�
YLD D VWRUDJH V\VWHPV� $Q H[DPSOH RI HQHUJ\ VWRUDJH� GLIIHUHQW IURP WKH HOHFWULF EDWWHU\� LV
UHSUHVHQWHG E\ D JUDYLW\ ZDWHU WDQN WR SURGXFH K\GURSRZHU SURYLGHG ZLWK D SXPSLQJ V\VWHP WR
UHORDG ZDWHU IHG E\ WKH XQXVHG HQHUJ\� 6LPLODUO\� WKH DUWLILFLDO UHVHUYRLUV IRU K\GURSRZHU SURGXFWLRQ
DUH UHFKDUJHG GXULQJ WKH QLJKW WR WDNH DGYDQWDJH RI WKH ZDWHU GXULQJ WKH GD\ DIWHU� 7KH SUHVHQWHG
V\VWHP RI LQWHJUDWLRQ RI SKRWRYROWDLFV SRZHU ZLWK K\GURSRZHU� DLPV DW FUHDWH D V\VWHP IRU
FRQWLQXRXV HQHUJ\ SURGXFWLRQ DYRLGLQJ WKH HQHUJ\ ODFNV W\SLFDO LQ VRODU SODQWV DSSOLFDWLRQV� 7KH
SUHVHQWHG VWXG\ VKRZV WKH HODERUDWLRQ RI WKH QXPHULFDO PRGHO RI D FRQILJXUDWLRQ RI WKH LQWHJUDWHG
HQHUJ\�SODQWV�LQ�D�UXUDO�WRZHU�JHWWLQJ�D�QHZ�IXQFWLRQ��L�H��SURYLGLQJ�HQHUJ\�IRU�WKH�ORFDO�EXLOGLQJV�
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