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Purpose: The Global Freshwater Initiative will develop implementable strategies to
promote the long-term viability of freshwater supplies for people and ecosystems
threatened by climate change, shifts in land use, increasing population, and decaying
infrastructure. The initiative will be global in scope but regional in focus. In a carefully
selected set of regional investigations, Stanford researchers and local collaborators will
work together to understand freshwater resource issues and build quantitative policy
evaluation models that account for both hydrologic processes and economic behavior.
Through regional integrated models, the initiative will examine the efficacy of policy
instruments aimed at reducing vulnerability and enhancing sustainability. The initiative
will also conduct a variety of activities that cut across the regional investigations,
including model-building workshops to generate a common analytic framework and an
annual policy forum to compare water-resource sustainability strategies across regions.
The initiative will 1) generate a set of policy evaluation models developed in conjunction
with each regional investigation, 2) provide targeted analyses of viable policy
interventions aimed at achieving freshwater sustainability, and 3) train the next
generation of water resource experts. Project funds will support faculty, students, post-
doctoral fellows, and visiting scholars, as well as allow project members to travel to
regional investigation sites to build strategic partnerships, collect data, and construct
regional integrated models.
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1 The Threats to Global Fresh Water

Changes in human and natural systems will drive serious threats to freshwater resources in the
21% century. Multiple drivers of global change, ranging from increasing population to climate
change, will put water resources at risk. An overarching challenge will be to create water
systems that can sustain human well-being and natural ecosystems in the presence of rapid
environmental and socio-economic change. A balance will be essential between water for direct
human use and water to preserve natural ecosystems.

The impending “global water crisis” is not a single global water calamity, but rather a series of
often interlinked regional problems with common themes. As a result, one silver bullet will not
resolve all of the world's water issues. Instead, different regions will need locally relevant
solutions focused on incentives, technology, conservation, markets, and trade. Solutions are
likely to rely on modern engineering and information technologies combined with effective
planning, policies, and institutions.

The increasingly interdisciplinary nature of the world’s regional water problems presents an
important opportunity for research to a) understand which regions are home to the most critical
challenges in meeting the water needs of people and the environment, and b) identify effective
planning and policy prescriptions.

1.1 Risks to regional water systems

Fresh water that supplies societal and natural systems can fail when water resources become
physically or economically scarce.

* Physical water scarcity: As regions urbanize and industrialize, more and more water will be
transferred from agricultural to urban uses. At the same time, as the world’s population
increases, more and more water is needed to grow food. To cope with the increased
demand, many regions of the world are unsustainably withdrawing water and irreversibly
destroying ecosystems. Climate change can exacerbate regional problems by altering
hydrologic regimes, thereby shifting or shortening rainy seasons and decreasing the quantity
available for use.

* Economic water scarcity: In some parts of the world, notably sub-Saharan Africa, water
resources are plentiful, but the storage and distribution infrastructure is inadequate. In these
regions, access to water is limited by the institutional and economic capacity of the region.
This type of water limitation is often referred to as “economic water scarcity.” The root
causes of water crises in such regions differ from place to place: they may be policy related
(over-subsidized water), economic (low income), institutional (unclear water rights), political
(vested interests), and cultural (preference for water-intensive lifestyles). Even if a
freshwater system as a whole is sustainable, individual groups or communities may be
vulnerable to supply disruption because of an unequal distribution of income and other
entitlements.
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1.2 Risks to the global water system

Systemic global risks are superimposed on these regional water resources problems. Though
water is generally too expensive to transport long distances, large amounts of water in fact
move globally in the form of “virtual water” — water embedded in globally traded commodities.
Consider the water required for food production. Because agriculture accounts for over 90
percent of the world’s consumptive water use, the interconnected global water system causes
changes to agriculture and exports in one part of the world to be felt elsewhere; the entire global
system is vulnerable to regional shocks in water supply.

2 The Global Freshwater Initiative

The Global Freshwater Initiative (GFI) at Stanford will research freshwater management in
different regions of the world. This effort will have two objectives. The first will be to understand
the nature and causes of water crises and their impacts on populations, economies, and
ecosystems. The second will be to develop a unified analytic framework to explore policy
interventions that make regional freshwater supplies both sustainable (viable in the long term)
and less vulnerable (resistant to shocks) while maintaining the needs of natural systems.

2.1 Overview of Project Strategy

The GFI will conduct research centered on regional freshwater systems at the watershed to
multi-watershed scale. All activities within the GFI will satisfy three strategic criteria:

1. Solution-oriented academic research: The GFI will conduct interdisciplinary scholarly
research with an applied focus. Researchers will work with stakeholders and regional
collaborators to inform policies and develop solutions in individual study regions. The GFI
will identify solutions that can individuals, community groups, governments, or private
companies can feasibly implement.

2. Multiple driving forces: The GFI will consider the combined effects of multiple stressors of
water supply vulnerability. The project will focus on two types of global change: a) changes
in the frequency, timing, and magnitude of water availability (e.g., more frequent or longer
droughts), and b) rapid rates of change in water availability, quality, and use (due to
groundwater depletion, salt-water intrusion, regional water-resource contamination, and
urbanization). The project will concentrate on those changes that may have measurable
economic, human, and ecosystem impacts in the generational time frame of 10 to 30 years.

3. Global in scope but regional in focus: The GFI will study diverse regions while facilitating
learning across those regions. Recognizing the regional nature of water crises, the project
will initiate a series of regional investigations (Rls). The project will carefully select the Rls to
represent a diverse set of compelling and important problems involving water supply
vulnerability and sustainability. The project will then unify across the Rls by developing a
common analytic framework, global insights, and at least regionally generalized solutions.
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2.2 Activities

As shown in Figure 1 and discussed in more detail later, the GFI will engage in four levels of
activities: (1) Framework Development, (2) Regional Investigations, (3) Cross-cutting Studies,
and (4) the development of a Global-Scale Water/Trade Model.

Drivers-Characteristics-impacts Framework FRAMEWORK
Meta Analysis DEVELOPMENT
Regional System 1 Regional System N
Stakeholder Workshops Stakeholder Workshops REGIONAL
Group Model Building e o o Group Model Building INVESTIGATIONS
Modular Model Development Modular Model Development
Micro-studies Micro-studies
4 N
Natural Experiments CROSS-CUTTING
Policy Forum and Uncommon Dialog STUDIES
S Generalizable Solutions )
e \ GLOBAL-SCALE
Global “Virtual Water” Trade Model WATER/TRADE
~ g MODEL

Figure 1: Proposed components and integrated approach of the Global Freshwater Initiative.

2.3 Impact Pathways:

The Global Freshwater Initiative will inform policy at multiple levels. In each Regional
Investigation, the GFI team at Stanford will collaborate with local scholars, water managers,
public and private decision-makers, and non-governmental organizations (NGOs) to identify
viable policies. Across the Regional Investigations, the GFI will work with “boundary
organizations” to disseminate research and policy insights to decision-makers elsewhere in the
world. To facilitate the process, the GFI will invite representatives from the boundary
organizations to participate in Uncommon Dialogues at various stages: initially to develop
frameworks and metrics, and later to disseminate results.

2.4 Competitive Analysis

Freshwater vulnerability is a regional problem, influenced by institutional, economic and
resource constraints. Policy is implemented at national, state, and local levels. Consequently,
there are very few global-scale freshwater initiatives. Sharing knowledge across regions
typically occurs through two means: multi-lateral organizations like the International Food Policy
Research Institute (IFPRI), Food and Agricultural Organization of the United Nations (FAO),
World Bank, and academic journals. Existing water programs do not generally integrate across
disciplines and sectors, examine the combined effects of multiple stressors, or take a regionally-
specific, but globally integrated approach. For example, multi-lateral organizations produce
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excellent policy-relevant research, but their focus is often sector-specific. IFPRI, as an
illustration, is well-equipped to deal with food-security challenges, but not ecosystem or
urbanization impacts.

A few recent initiatives have attempted global-scale freshwater initiatives, but do not seek to
achieve the full strategic vision of the GFI: The Global Water System Project (GWSP) has
established a network of independent research projects whose objectives are consistent with
GWSP’s broad framework. The GWSP is relatively decentralized in its approach, and the
voluntary nature of participation makes generating comparative results a challenge. The
International Water Management (IWMI) is supported by the Consultative Group on
International Agricultural Research, a network of 60 governments, private foundations, and
international organizations. IWMI engages in policy-relevant comparative research and focuses
on regional studies. However, IWMI’s applied focus does not favor innovative theoretical
frameworks or rigorous research design.

In contrast, the GFI will combine scholarly research with significant long-term applied regional
investigations. By careful selection of Rls and a scientific approach to research design, we hope
to overcome the main challenges in developing a global freshwater initiative. The GFI builds on
Stanford’s world-class expertise in quantitative simulation of hydrologic processes, land-use,
food security, water-supply systems, ecosystems, and policy disciplines. The Stanford team,
including collaborators, is in a unique position to conduct interdisciplinary work that bridges
hydrologic science, ecology, economics, and analysis of institutions.

3 Framework Development

In the first stage of its work, the GFI is developing a new framework for classifying freshwater
systems and assessing their vulnerability and sustainability. The project will use this framework
to choose its initial Regional Investigations. The “Drivers-Characteristics-Impacts” assessment
framework is illustrated in Figure 2.
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Figure 2: Drivers-Characteristics-Impacts Framework.

The GFI will use the framework to assess regions defined as either a watershed or a closely
connected set of watersheds on the scale of several hundred to a few thousand square
kilometers. As shown in Figure 2, the framework examines drivers, system characteristics, and
impacts. Drivers are exogenous factors that are likely to change the supply and demand for
water in terms of frequency, distribution, timing, and regional quality. System characteristics
measure the ability of regions to adapt to the change(s) and thus amplify or attenuate the effects
of the drivers. The interactions of drivers and system characteristics result in measurable
impacts quantifiable in terms of income (or production/output), mortality, and ecosystem health,
as well as the variance of each of these metrics. The evaluation of impacts along multiple
dimensions (economic, human health, and ecosystem) allows us to consider monetary, health,
environmental, and other values. In this respect, our approach differs from one relying on
benefit-cost analysis alone.

The Drivers-Characteristics-Impacts analysis will provide a better understanding of the
processes that govern susceptibility of different regions of the world to major impacts involving
relatively rapid (decadal) changes in climate, land cover, population, regional water quality,
infrastructural successes/failures, global trade, and the environment. This will improve our ability
to develop and evaluate policy solutions (quantified using a set of integrated models) to reduce
negative impacts on people and the environment. Policy prescriptions will target changes in
water supply and demand, and proposed implementation will examine modifying infrastructure,
offering economic incentives, and/or designing and implementing regulatory schemes.

The GFI will focus on two types of drivers: a) changes in the frequency, timing and magnitude of
water availability, and b) rapid rates of change in water availability, quality and demand/use. As
illustrated in Figure 3, the project will also examine the impact trajectories to determine the
affect of the drivers on both vulnerability and sustainability. As defined in this project,
vulnerability is the likelihood that a system or system component (community or ecosystem)
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will suffer a relatively sudden, possibly catastrophic, decrease in well-being driven by a short-
term shock. Sustainability is the likelihood that a system or system component will not
experience a decreasing trajectory of well-being over time.

The GFI seeks to develop policies that will yield both low vulnerability and high sustainability
and thus improve human well-being and ecosystem health (the lower left quadrant in Figure 3).
An agricultural economy may be highly sustainable yet highly vulnerable due to periods of
drought (upper left). Competing high-intensity water uses, low streamflow, and frequent
droughts may produce extremely high vulnerability such that agricultural production is
sustainable only at a low level (upper right). If agriculture depends on deep groundwater that is
being depleted while poor drainage causes soil salinization, the compound effects may reduce
the ultimate sustainability of agricultural production (lower right).

A Ecosystem health/ $/ Life-expectancy

HIGH
VULNERABILITY
>
T=0 T=X (~50-100 Yrs) T=0 T=
Present Future Present Future
LOW
VULNERABILITY
=0 T=X T=0 =
Present Future Present Future
>
HIGH LOW
SUSTAINABILITY SUSTAINABILITY

Figure 3. The state of freshwater systems is characterized by its susceptibility to short term
effects (vulnerability) and its resilience over the long term (sustainability)

To illustrate what system characteristics may look like, Table 4 tentatively shows seven
indicators of susceptibility. These characteristics are not by any means complete or final. We
will improve on our list of characteristic indicators by conducting an extensive meta-analysis of
the literature detailed (elaborated upon later in this proposal).
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Figure 4: Characteristics of a potentially vulnerable freshwater system in a region.

A system does not need to be vulnerable along each axis shown in Figure 4, as high values of
just one or two may indicate a system near the edge of vulnerability. Each axis goes from a
scale of 0 to 1, where a higher value indicates a higher degree of regional system susceptibility.

Each of the seven characteristics shown in Figure 4 can potentially affect the impacts of
particular drivers.

1. Food Dependency: While importing food alone does not make a region vulnerable in all
situations, it might make a poorer region more vulnerable to price shocks or crises in the
global economy. At the same time, a region insisting on self-sufficiency, may do so at
the expense of stressing its natural resource systems beyond their limit. (Metric
proposed is the fraction of calories consumed that are imported).’

2. Demographic Susceptibility: High density of population means high demand placed on
scarce land and water resources, reducing the number of available options. (Metric
proposed is population density — normalized across all regions).

3. Institutional Opacity: Poor governance, corruption and low institutional capability may
result in poor management of water resources. (Metric proposed is the inverse of the
Transparency International Corruption Index.)

4. Environmental Susceptibility: A large number of species are likely to become
threatened by reductions in freshwater flows to the environment. (Metric proposed is the

! For an industrial region, our proposed alternate metric would be Water Dependent Economy: If a
significant fraction of GDP is derived from industry, a disruption to the industrial economy due to lack of
water would have large impacts. (Metric proposed is the fraction of water used by the industrial sector.)
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fraction of species that are listed as “Threatened or Endangered” by the IUCN —
normalized over all regions.)

5. Water delivery: If the “last-mile” of infrastructure is poorly developed or not functioning,
access to water is limited. (Metric proposed is the fraction of population lacking access
to freshwater and sanitation.)

6. Poverty: Low per capita GDP means the ability to pay for large infrastructure projects is
limited. (Metric proposed is People/GDP in inflation adjusted $ — normalized over all
regions.)

7. Water Resource Unavailability: Low freshwater availability per capita implies less
water offered for all human uses. (Metric proposed is People/ cubic meter of annual
renewable freshwater available — normalized over all regions.)

4 Regional Investigations

4.1 Regional Investigations Selection

Once the Driver-Characteristics-Impacts framework is finalized, we will select regions for
intensive multi-year investigations — the regional investigation (RIs). A team leader will head up
each RI. Team leaders and participants will be in nearly continuous contact. Directors of the GFl
will coordinate the efforts of the teams, and regular group conference calls and meetings will
serve to unite the Rls by developing a common analytic framework, global insights, and
generalized solutions.

Each RI will represent a system with a set of characteristics that is representative of various
other regions. Figure 5 shows indicator characteristics for five countries (not regions), based on
values obtained from the databases of a variety of international organizations (e.g., UN, FAO,
and NGO). A high score along any axis indicates a higher degree of vulnerability (the origin is
zero). We have used country-level data in Figure 5 because they were readily available.
However, the goal of the GFI will be to represent more detailed information at the regional
(multi-watershed/basin) scale.

The multi-axis plots form patterns that are quite distinct. The Asian economies have much
higher population densities, environmental stresses, and agriculture dependency compared to
Africa where poverty, weak institutions, and lack of access to water are the more defining
characteristics. In contrast, while European countries (only one shown) have relatively high
densities of population and are dependent on food imports, their populations are wealthier, the
countries frequently have more reliable government institutions, and they are able to buy food
on global markets. By using a multi-axis approach, we believe that results from regional
investigations may be generalized to other regions displaying similar characteristics.

To discuss and refine our proposed approach, we invited a number of global water experts to a
workshop in early 2009. Based on advice received at that workshop and our initial examination
of the axes, we believe that the initial Regional Investigations may focus on China, India,
Australia, Sub-Saharan Africa, and the western United States. This list is by no means a final

9
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selection. We will make selections only after finalizing the Driver-Characteristics-Impacts
framework and engaging in careful deliberation and consultation.

Dealing with water quality problems is integral to the successful provision of freshwater to
humans and natural ecosystems. The freshwater vulnerability characteristics will be expanded
to include water quality indicators as necessary. The Global Freshwater Initiative will emphasize
large-scale water quality issues that impact freshwater availability or ecosystems. For example,
regional investigations may consider the problems of nitrate and other nutrients from agricultural
runoff as they affect freshwater resources, regional arsenic as a constraint on groundwater use,
rivers rendered unusable by pollution, and saltwater intrusion into coastal aquifers.

Food Dependency

Water Resource
Unavailability

Demographic
Susceptibility

Water Delivery Institutional Opacity

Environmental

P
overty Susceptibility

BRAZIL ITALY

i

CHINA

Figure 5: Potential freshwater
vulnerability characteristics of five
countries for which data were
available. The multi-axis approach
would be applied to regions in the
Global Freshwater Initiative.

i1V
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4.2 Common research protocol

Each regional investigation (RI) will analyze hydrologic, geographic, economic, and institutional
systems in the selected region. Each Rl will adopt a common research protocol that will include
key components described below: modular models, group model building, stakeholder
consultation, selected micro-studies, and common metrics for cross-regional comparison.

* Modular Models: Rls will quantitatively assess vulnerability, sustainability, and policy
evaluations using integrated assessment models. The integrated assessment models will
adopt a common research protocol, but each regional model will be unique and specific. The
integrated assessment models will be organized into modules. Each module will
encapsulate knowledge from different scientific and policy disciplines. The modules will be
developed and calibrated independently using module-specific data first, then interlinked to
include appropriate feedbacks. Modularity will allow the independent pieces to adopt spatial
and temporal units appropriate to each discipline. A modular approach will also allow
researchers to pursue research relevant to their discipline while at the same time
highlighting the links that are most important to the system as a whole. For instance, the
conceptual model shown in Figure 6 may be an initial starting point.

Each component of each RI-system will be modeled using appropriate disciplinary tools,
spatial and temporal units, and calibrated independently before integrating the modules to
quantify feedbacks. The integrated modeling framework will be used to quantitatively
evaluate combined influences of changes in driving forces, to assess the impacts of
uncertainty, to compare regional systems, and to develop strategies to implement policy
adaptations (e.g., tariffs, taxes, quotas, water-rental markets, and water-rights options).

Basin scale Town and village scale User scale
1 1 I
. Natural
———————— Environmental water needs-----> acosystems| T T Ecosystem health
| Surface | Urban | Domestic Urban ( _ [ Human well-being
water  [Diversions | Uutilities water consumers life expectancy
Water markets Food markets
Ground |Extractions | Irrigation Irrigation
water > districts [ water | Farmers (< —-{ Producer surplus
A
\ Y Private extractions and diversions
| \ \ |
Supply modules Demand modules Sustainability and

vulnerability metrics
(mean and variance)

Figure 6: Hypothetical conceptual integrated modular model used in an RI.
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* Group Model-Building: One of the challenges in integrated assessment environmental
models is getting the different groups to agree on an overall conceptual model. We propose
using “group model-building” techniques to get the collaborators in each of the Rlis to agree
on a conceptual model of the system: the key linkages, (unknown) variables, feedbacks,
dimensions and scales that are important. The group model-building process will be
informed by qualitative studies (narrative, historical, ethnographic, etc.). Involving
participants from both social and natural sciences, and using qualitative studies will
generate a model that is parsimonious while capturing crucial linkages and feedbacks.

e Stakeholder consultation: The Rls will be conducted in collaboration with local scholars,
decision makers, and stake-holders so that the results are relevant. Rl team leaders will be
responsible for developing such collaborations through workshops and partnering.

* Micro-studies: The RIs will host “micro-studies” (e.g., the impact of electricity pricing on
demand) where appropriate to fill in knowledge gaps about linkages in the system. Each Rl
will prioritize its micro-studies to focus on the most crucial linkages and feedbacks and will
use appropriate disciplinary teams to conduct the research.

* Policy Analyses: The RIs will evaluate potential policies for addressing vulnerability and
sustainability. Each regional model will be used to assess multiple policy scenarios.

* Common metrics: The results of the RIs will be standardized so as to make comparisons
across regions. For instance, the Rls will use common definitions, metrics, and units for
sustainability, vulnerability, and other outcomes.

5 Cross-cutting studies

The GFI will engage in cross-cutting studies to a) develop generalized insights across Rls, and
b) examine a broad range of potential policy prescriptions.

5.1 International Policy Forum

The teams for the various Rls will come together in a yearly policy forum to discuss potential
policy prescriptions. A vast array of water policy instruments have been developed, evaluated,
and adopted in different regions of the world. Policy instruments have included supply-side
measures, such as water markets and shortage sharing agreements, and demand management
measures, such as rebates for water efficient equipment and block-rate pricing. The GFI will
make it possible to coordinate water policy research across regions. One goal of the policy
forum will be to formulate “policy experiments” across regions with similar hydrological and
institutional regimes to understand variations in outcome by studying policies that vary in just
one or two parameters.

12
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5.2 Natural Experiments

The GFI will illuminate cross-regional comparisons by conducting natural experiments across
regions with similar hydrologic and demographic regimes but very different institutional and
political regimes and vice versa. For instance, this might allow us to better understand how
institutions (say groundwater law) affect user behavior and hence impact the natural system.

5.3 Uncommon Dialogues

The Global Freshwater Initiative will also conduct annual “Uncommon Dialogues.” These
workshops will bring together researchers involved in the Regional Investigations, as well as
external experts and funding liaisons, to facilitate learning across regions regarding: 1) data,
model building, and project management, 2) lessons learned on policies and best water
management practices, and 3) more abstract generalized insights and theories.

5.4 Models for Global Integration

Regional water sustainability can have global impacts (e.g., on food supply), and the Global
Freshwater Initiative will help experts to better understand and model the potential impacts. For
example, one of the Co-Pls on this proposal, Scott Rozelle, and his collaborators have been
developing a global commodities trade model that can examine the effect of such changes as
international trade agreements and the emergence of biofuels on global agricultural trade. The
current model, however, does not include a realistic consideration of water resources. The
results of the Regional Investigations will help Scott Rozelle and his collaborators to better
integrate water resources into the model, which in turn will allow experts, for example, to predict
the “impact pathways” of shocks in one part of the world, such as a severe drought in a major
rice producing region, on another part of the world. The model, in turn, could then help in better
understanding how such impact pathways can affect regional water sustainability.

6 Shovel-ready Projects

While the proposed Global Freshwater Initiative is a long-term 10-year effort, we have two 2-
year projects that are shovel-ready and will be undertaken immediately.

6.1 Meta-analysis to classify characteristics of vulnerable water systems

In a preceding section, we described our framework of “Drivers-Characteristics-Impacts” to
classify and identify systems susceptible to water crises in the future. The system
characteristics presented are tentative, based on our combined expert judgment and available
countrywide information rather than systematic regional-scale empirical data. In the first phase
of this project, we will refine these system characteristics based on real-world analyses of
regional water systems. We will derive a mutually exclusive, collectively exhaustive set that
characterizes water systems by conducting an exhaustive analysis of the literature.

We will employ Qualitative Comparative Analysis or QCA, a new analytic technique to

implement principles of comparison used by scholars engaged in the qualitative study of macro
social phenomena. Scholars engaged in qualitative research typically examine only a handful of

13
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case studies at a time. However, their analyses tend to be both detailed (addressing many
aspects) and integrative (examining how the different parts of a case fit together). By formalizing
the logic, QCA makes it possible to combine the rigor of quantitative approaches and empirical
intensity of qualitative approaches to derive general conclusions. QCA has been applied by
scholars of complex environmental phenomena. We will collaborate with those who have
expertise in QCA in extending these techniques to the study of water crises.

6.2 Integrated modular model of the Hai River Basin in China

Water scarcity is one of the key problems affecting the Hai River Basin in northern China, a key
industrial/agricultural region producing about 10 percent of China’s total grain output and 15
percent of the nation’s industrial output. Hydrological data indicate that the Hai Basin is (by far)
in the greatest water deficit of all of China’s major watersheds (see Figure 7). Both irrigation and
industrial/urban demand for water have increased substantially in the last 50 years and are
likely to continue increasing in the future. However, past water projects have tapped almost all
of the Hai River Basin’s surface-water resources. Given the diminishing supplies of surface
water, groundwater has played an increasingly important role in the region’s economic growth.
As a result, groundwater levels are declining. The combination of policy implementation
challenges, complex hydrology, increasing demand and falling groundwater levels in a key
economic/social/political region of China make the Hai River Basin a compelling study. We
propose an initial study to pave the way for a potential full-scale RI.

Food Dependency China river — Yellow River

Water Resource Demographic b .
Unavailability Susceptibility asins

Yangtse River
— Hai River
Water Delivery Institutional Opacity

Environmental

Poverty Susceptibility

Figure 7: Characteristics of river basins in China.

Addressing the challenges of the Hai River Basin will require innovative approaches. Several
concerns and knowledge gaps exist in devising and implementing effective management
policies. One major concern is the potential impact of reducing water use on grain production;
changes in water use may reduce grain production down to a level that threatens food
security—at both the national and household levels. Secondly, there is a concern that simple
policies may generate unintended consequences that may offset the original purpose of the
policy. Finally, it is becoming increasingly known that the characteristics of each water resource
being exploited affect both how water users behave and the effectiveness of policies. Therefore,
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it is essential to understand the feedbacks between water resource use and economics. The
breadth of the issues involved offer a unique challenge: optimizing over different systems
(hydrologic and economic) at different scales (user, village, province, and national) with
potentially conflicting objective functions (profit maximization, food security, and environmental
protection).

We propose a systems approach to the problem that will allow us to address the knowledge
gaps as well as promote well-informed policy. One of the benefits of a systems approach is that
it would provide insights into the types of “micro-studies” that need to be conducted to
strengthen the overall policy prescriptions. A second benefit is that interventions at multiple
scales can be compared — e.g., how do programs that pay farmers not to grow compare to a
new pricing policy or a North-South water transfer project? Thirdly, a systems approach allows
us to develop policies that meet goals and constraints at multiple scales, e.g., to explore the
tradeoff between grain self-sufficiency at a province scale versus a regional sustainability
objective where groundwater depletion is a problem.

Much of the initial data collections and local collaborations (with the Chinese Center for
Agricultural Policy) for this project have been put in place by Co-Pl Scott Rozelle.

7 Leadership and Collaborators

Because the meta-analysis is a necessary first step in selecting our Regional Investigations, we
have not yet established formal partners in each region. However, the stage has been set for
collaboration. As noted above, we feel comfortable beginning the China Rl immediately. It will
showcase the GFl integrative modeling process. The China RI leader will be Professor Rozelle,
who will continue to spend about half his time in China and has already developed essential
collaborative links. Professor Gorelick is prepared to lead an Australian RI, should one be
selected there. He has numerous contacts in Australia, having spent 6 months in Perth during
2009. He has discussed potential collaborations with the Australian national laboratory (CSIRO),
academia (University of Western Australia, and Curtin University), and regional water managers
(Water Department). The GFI team will consist of a core-team based at Stanford. Each RI will
be led by a principal investigator at Stanford with collaborators from other local universities and
research organizations who will provide complementary expertise. Field research will be
conducted by Stanford graduate students or students from the study region.

To ensure that the GFI proceeds in an orderly manner, we will initiate the Rls in stages. The
China case study will begin in the first year. At least one other case study will then begin as
soon as possible. The two initial case studies will be used to finalize the framework, metrics,
and comparability across Rls. The remaining three Rls will begin over the first five years.
Coordination will be centered at Stanford and will be the responsibility of the GFI Pl team.
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(SES/Woods)

Post-doctoral Fellow: Veena Srinivasan (EESS)

Potential list of outside experts

Economics: Michael Hanemann, Isha Ray, (UC Berkeley), Richard Howitt (UC Davis)
Water Policy: Peter Gleick (Pacific Institute) Sandra Postel (Global Water Policy Project)
Systems Science: Claudia Pahl-Wostl (GWSP)

Hydrology: Ignacio Rodriguez-lturbe (Princeton)

Water Resources Engineering: Asit Biswas (Third World Water Institute)

Other Related Programs within Stanford

Food Security and the Environment Program: Roz Naylor, David Lobell, Wally Falcon
Natural Capital Project: Gretchen Daily

Water and Sanitation Group: Jennifer Davis

Reducing Vulnerability to Climate Change (Proposed): Steve Schneider, Terry Root

Principal Investigators Bio-Briefs

Steven Gorelick, Cyrus F. Tolman Professor, Environmental and Earth Systems Science,
Stanford University, and Director of the Global Freshwater Initiative.

Steven Gorelick is the Cyrus F. Tolman Professor in the Department of Environmental Earth
System Science at Stanford. He is a hydrologist by training (Stanford ’77, 81) with over 25
years of research and practical experience. His “hydro group” conducts research that combines
hydrogeology with aspects of ecology, geophysics, operations research, and economics to
study meadow restoration, wetland protection, water supply management in Mexico and India,
and contaminated groundwater remediation methods. Major emphases of his research group
during the past decade have been in the areas of ecohydrology and water allocation in
developing nations. Professor Gorelick has co-authored over 100 papers, 3 books, and 3
patents. He is a Fellow of the American Geophysical Union and the Geological Society of
America. He was awarded a Guggenheim Fellow (‘05) for his work on global oil resources, and
is a two-time Fulbright Senior Scholar (‘97, ‘08) for research on freshwater resource problems in
Western Australia.
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Barton Thompson Jr., Robert E. Paradise Professor of Natural Resources Law, School of
Law, Stanford University, Perry L. McCarty Director of the Woods Institute for the Environment,
Stanford University, Proposed co-Director of the Global Freshwater Initiative and co-PI

A leading expert in environmental and natural resources law and policy, Barton H. “Buzz”
Thompson JD/MBA ’76 (BA ’72) is the author of both a leading textbook and dozens of articles
on water resources. His research also focuses on institutional reform and the the use of
economic and other alternative techniques for regulating the environment and natural
resources. The Supreme Court of the United States has appointed him to serve as special
master in Montana v. Wyoming, dealing with the waters of the Yellowstone River. He serves on
the board of a number of environmental organizations and foundations and is a member of the
Science Advisory Board of the United States Environmental Protection Agency. He holds
degrees from Stanford in economics, political science, business, and law. He was a law clerk to
the late Chief Justice William H. Rehnquist ’52 of the Supreme Court of the United States.

Scott Rozelle, Professor & Helen F. Farnsworth Senior Fellow, Shorenstein Asia Pacific
Research Center, Freeman Spogli Institute. Stanford University, Proposed co-Director of the
Global Freshwater Initiative and co-PI

Professor Rozelle is widely recognized as one of the best economist that works on China’s rural
economy and rural resources. He has published more than 200 journal articles and several
books on the economic, social and political issues in China. He was the Co-PI of the project that
conducted the 2001/2004/2007 China Water Institutions and Management Survey and the
2004/2008 North China Water Resource Survey. He worked on designing the survey forms and
training enumerators. He has written more papers on the economic of China’s rural water
resources and water pricing than any scholar outside of China. In 2007, he was awarded the
inaugural Chinese Academy of Science international collaboration award; in 2008, he was given
the Friendship Award, the highest honor bestowed on a foreigner for collaborating in China; and
in 2009 he was awarded the national science and technology research award.
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Timeline
Global Freshwater Initiative Year 1 Year 2 Year 3 Year 4 Year 5
TASKS \ 2009-2010 2010-2011 2011-2012 2012-2013 2013-2014

Q1 Q2 Q3 Q4 Q1 Q2 Q3 04 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Initiative-wide tasks

Meta Analysis

Final Characteristics

Regional Case Study Selection
Research Protocol Workshop
Annual Uncommon Dialogs

China RI
Group-Model Building Workshop
Hydrology Data Collection
Spatial Land Use Data
Data for other modules
Model building

Regional Investigations (w/
consultation from China RI)

Case Study Selection
Group-Model Building
Workshop

Hydrology Data Collection
Spatial Land Use Data
Micro-studies

Data for other modules
Model building

Evaluate Policies

Cross Cutting Investigations

Policy Forum
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