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C H A L L E N G I N G T H E C O N V E N T I O N A L 

W I S D O M A B O U T W A T E R 

M A N A G E M E N T 

The Evolution of Water Resources Management 

In our fictional world of Indopotamia, water was not a scarce resource during the 
time of our hunter-gatherer ancestors. Early civilization started near water and 
thrived along rivers. For thousands of years—from Mesopotamian cities, to Mayan 
civilization, to modern day Boston in the United States—we have figured out ways 
to move water around to facilitate development and enhance the quality of life. It is 
common knowledge that fresh water is a finite resource and that the overall supply 
of fresh water has not changed since the time of the dinosaurs. 

Supplying enough water has been the focus of water management for centuries. 
Boston was founded in 1620 (although there are indications that Native Americans 
inhabited the area as long ago as 2500 BC). Like many other places, people relied 
on cisterns, wells, and a spring on Boston Common for their water in those early 
days. As the city grew, this supply was inadequate and the quality was often poor. In 
1848, Boston drew its municipal water supply from Lake Cochituate. Water flowed 
from there into the Frog Pond on Boston Common. On October 25, 1848, there 
was a famous water celebration to acknowledge the opening of the Frog Pond. It 
began with the roar of 100 cannons and that drew over 100,000 people. In 1848, 
Boston's population was only 127,000. By 1900, it had tripled to over 550,000. To 
facilitate continued growth over the next 100 years, engineers had to dramatically 
enhance water availability. Today, the Metropolitan Water Resources Authority pro-
vides water to 2.5 million users in 46 cities and towns around Boston. 

Despite this long experience in water resources management—from the water 
works of Mesopotamian cities, to the marvelous water technologies of the Romans, 
to the optimism of modern engineering, including dam building, waste water treat-
ment and irrigation—the history of supply-focused water management has not 
always gone smoothly. The development of Boston's water supply is also a story of 
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how natural and societal systems became entangled, and how this interaction cre-
ated conflict and confusion. The sources Boston tapped in 1848 moved progres-
sively west, from urban areas to the sparsely populated western portion of the state 
where the water was as yet untainted. Twentieth-century water supply projects, in 
contrast to earlier water projects, involved the creation of massive storage reservoirs 
like the Quabbin reservoir, in the middle of Massachusetts, which necessitated the 
inundation of several communities. To this day, residents in that area resent the fact 
that their communities were sacrificed to satisfy Boston's growing need for drinking 
water. 

In 1848, it was a remarkable engineering success to bring ten million gallons per 
day of water from 19 miles west of Boston via the Cochituate aqueduct. At that 
time, issues of environmental or societal impact were not explicitly considered or 
discussed. Over the years, multiple water projects were initiated to meet the city's 
growing demand. Finally, in 1946 construction of the Quabbin Reservoir, about 50 
miles west of Boston, was completed. At that time, the 412 billion gallon reservoir 
was the largest man-made reservoir in the world devoted solely to water supply. In 
creating the Quabbin Reservoir, four towns—Greenwich, Enfield, Dana, and 
Prescott—were inundated. Natural and societal systems became intricately coupled 
when water management focused primarily on supply-side strategies to meet com-
peting and growing needs. 

To identify the most appropriate water policies, programs or projects, analysts 
usually think in terms of the supply-side and the demand-side. The supply-side is 
structure-oriented, requiring investments in things that need to be built with the 
help of engineers and technical experts. Supply-side investments typically hinge on 
cost-benefit analysis (CBA), a key purpose of which is to quantify the advantages 
and disadvantages of one project or another in terms of dollar costs. 

This focus on a predominantly techno-centered search for additional sources of 
water to meet growing demand—from the remarkable engineering success story of 
the 1840s that provided Boston with a piped and clean water supply to the complex 
tones of tradeoff between the destruction and displacement of marginalized com-

munities—is not unique to Boston. Similar supply-focused and engineering-cen-
ered water projects have been embraced and celebrated in many cities and 

communities around the world, from Bombay to Buenos Aires. 
lime and situations, however, have changed. Now, there are over six billion 

imans competing for roughly the same amount of water that was available eons 
iNow we are concerned about an array of demand-side considerations: Is water 

property right or a human right? Do fish have more rights to water than corn? Is 
imization of economic utility more important than environmental sustainabil-

0 w c a n we reconcile competing cultural and religious values associated with 
" H o w much water do people actually need, and should we adjust our ways of 

1Vlr>g to reduce overall demand? 
Tb 

e 1S a n increasing realization that the supply-side focus that has dominated the 
, agenda throughout human history is insufficient to meet the complex 

ges of our time. An earlier generation of water development, typified by the 

Apple


Apple


Apple


Apple


Apple


Apple




6 Challenging the Conventional Wisdom 

construction of large dams, centralized wastewater treatment plants, and irrigation 
projects, benefited a large share of the Earth's people by helping to reduce starvation 
and water-related illness and protecting against devastating floods. With continuing 
economic development, however, this centralized construction-oriented approach 
has hit its limits. These constraints are exacerbated by the scarcity of new water sources, 
the costs of developing them, and the pressures of population growth, rapid urbaniza-
tion, poverty, ecosystem degradation, biodiversity losses, and global climate change. 

Integrated Water Resources Management (IWRM) 

Until the 1970s, most water managers sought to solve specific localized water prob-
lems without worrying about the impacts that water management decisions might 
have on other components of natural (water quantity, water quality, ecological 
functions, and services) and societal (economic, cultural, institutional) systems. The 
United Nations-sponsored 1977 water conference in Mar del Plata, Argentina is 
viewed by many (Lee 1992; Biswas 2004; Heathcote 2009) as a landmark event in 
water management. The occasion gave global recognition to the shortcomings of 
supply-side focused water management. 

There was agreement that water managers could not afford to focus on a single 
sector or a single commodity-oriented approach. Instead, they needed to take a 
more balanced, people-oriented approach. This shift acknowledged that water 
bodies are multiple user systems, and that more equitable and sustainable manage-
ment can only occur when the needs and goals of multiple users are considered in 
a multidimensional, multisectoral context. Thus, the era of integrated water resources 
management (IWRM) was born. Over the past four decades, IWRM has been 
strongly endorsed at other international events in Rio de Janeiro, Dublin, The 
Hague, Johannesburg, and Kyoto. Most international organizations, including the 
United Nations and the World Bank, have adopted IWRM as a guiding principle. 

It was not until 2000 that IWRM was defined clearly as "a process which pro-
motes the coordinated development and management of water, land and related 
resources in order to maximize economic and social welfare in an equitable manner 
without compromising the sustainability of vital ecosystems and the environment" 
(Global Water Partnership 2000). In addition, five principles to guide water man-
agement emerged: (1) water is a finite and vulnerable resource; (2) a participatory 
approach is necessary; (3) the role of women should be emphasized; (4) the social 
and economic value of water must be acknowledged; and (5) the three Es of sus-
tainability (economic efficiency, social equity and ecosystem sustainability) must be 
given priority. 

The Global Water Partnership (GWP) that enunciated these principles, presented 
IWRM as a way to integrate a range of connotations (Saravanan et al 2009), various 
definitions (Braga 2001; Jonker 2007 Thomas and Durham 2003) and different 
approaches (Mitchell 1990). In a critical assessment of the GWP definition of 
IWRM, however, Biswas argued that this approach cannot be implemented because 
of unresolved operational questions and related difficulties of specifying assessment 
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criteria and metrics. Biswas argues for a focus on operational ("what will be") con-
cerns and suggests disregarding normative ("what ought to be") and strategic ("what 
can be") concerns (Mitchell 2008). 

A key assumption in the GWP definition of IWRM is the idea that actors in any 
society can and will seek to reach common understandings and coordinate their 
actions through reasoned argument, consensus, and cooperation (Habermas 1984). 
Critics argue, however, and illustrate with actual case studies "why and how [such] 
integration cannot be achieved" (Saravanan et al 2009). Integration is a political 
process (Allan 2006; Ingram 2011) that requires "realistic analyses" of existing situ-
ations (Mollinga et al 2007), as well as the "pooling of explicit and tacit information 
to create actionable knowledge" (Islam et al 2009; Islam and Susskind 2011). 

Many water-related conflicts are, in fact, framed in terms of actors (individuals, 
communities, businesses, NGOs, states, and countries) competing to protect their 
own, often conflicting, economic and political interests. Such competition occurs at 
various scales and often results in gridlock. Water management is further compli-
cated by the existence of natural, societal, political, as well as physical, ecological, and 
biogeochemical boundaries that create obstacles to integration, while scientists and 
engineers rely on boundaries to specify initial conditions, conduct controlled 
experiments, and measure results (Morehouse 2000; Lawford et al 2003). Political 
actors set geopolitical boundaries for very different reasons. Often, there is a mis-
match between political or societal boundaries and natural or geographical bound-
aries (Varady and Morehouse 2003). There is an ongoing debate about whether 
IWRM, strongly linked to the engineering community, is a useful frame for water 
management, given these boundary conflicts. 

Reflections on Some Unsettled Problems of Planning in Managing 
Common Pool Resources 

In 1911, Katharine Coman published "Some Unsettled Problems of Irrigation" in 
the first issue of the American Economic Review. She used irrigation systems in the 
United States west of the one hundredth meridian to describe intricate collective-
action problems. This was almost half a century before Hardin identified the so-
called "tragedy of the commons" and associated theoretical and implementation 
problems related to common pool resources (Hardin 1968). The process of convert-
ing the desert into farmland demonstrated the challenges of achieving a collective 
good (in this case, building and running an irrigation system). Nearly all the settlers 
who relied on private companies did well. Publicly-supported settlers failed, though, 
because Congress imposed a long-term residency requirement. This prevented "the 
man with small capital, but possessing those more valuable qualities of brains, pluck, 
and endurance ... to earn a farm by the labor of his hands." In her reflections on 
Coman's article, Ostrom summarized it as: 

One gains a general lesson from this analysis that changing the formal govern-
ance structure of irrigation is not sufficient to ensure efficient investment in 
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facilities or that farmers are able to acquire property and make a reasonable 
living. Building knowledge and trust are, however, essential for solving collec-
tive-action problems. 

(Ostrom 2011) 

Another seminal article by Rittel and Webber, published nearly 40 yean ago and 
cited over 3,360 times suggests that: 

The search for scientific bases for confronting problems of social policy is 
bound to fail, because of the nature of these problems. They are "wicked" 
problems, whereas science has developed to deal with "tame" problems. 

(Rittel and Webber 1973) 

Many of our contemporary water problems are "wicked" problems, and we 
cannot talk about finding optimal or engineered solutions unless a great many non-
objective assumptions are imposed. These subjective considerations undermine the 
credibility of water managers who claim they are relying on purely scientific or 
technical judgments. 

Water Problems are Complex 

We make a distinction among three types of water problems: simple, complicated, 
and complex. Simple problems are characterized as easily knowable, while compli-
cated problems are not simple, but are knowable and predictable. Complex prob-
lems, on the other hand, are not easily knowable, and are usually unpredictable. 
Designing a water-efficient flushing toilet is an example of a simple water problem. 
Getting water from the Quabbin Reservoir to take a morning shower on the 16th 
floor of an apartment building in Boston is a complicated problem. Figuring out 
how water flows, where every pipe goes, how many pumps and other control fix-
tures are required, and what type of chemicals are needed to keep water potable 
takes significant engineering ingenuity and creativity. Still, with careful study we can 
know with (near) certainty what each component of such a water distribution 
system requires and how to control it. A complicated system is knowable, predicta-
ble, and controllable. 

Now, think about the inundation of the four towns required to create the 
Quabbin Reservoir. Consider the task of balancing the competing demands for 
water for fishing and farming or urban development and wilderness preservation. 
Suddenly, we go from a complicated to a complex water problem. 

No matter how much effort one puts into studying each of the natural and 
societal elements of a complex water problem, we will never gain the 
certainty associated with simple and complicated problems. Complex problems 
are not fully knowable because there are too many variables and because they 
interact in unpredictable ways. Complex problems are neither predictable nor 
controllable. 

Water management problems are complex because they arise when natural, soci-
etal, and political processes and variables interact. They are complex not only because 
they involve numerous stakeholders (e.g., farmers, industrial users, urban developers, 
environmental activists, and others) competing for a limited and common resource, 
but also because they cross multiple boundaries and scales (e.g., physical, disciplinary, 
jurisdictional, and others). For centuries we have taken nature apart, analyzing its 
components in ever increasing detail. We realize now that this process of "reduction-
ism" can only take us so far. For example, our most sophisticated scientific under-
standing of the structure and properties of a water molecule does not help us explain 
why a collection of these molecules will be liquid just above 0°C and solid just 
below 0°C. 

"Systems engineering" has been central to the practice of IWRM. A system is 
usually defined as an interconnected set of components organized in a bounded 
domain to achieve an objective. Systems are often more than the sum of their parts. 
"Systems engineering" works beautifully when systems are readily bounded and 
the cause—effect dynamics involved are well understood. Sending Apollo to the 
moon or optimizing water distribution are brilliant success stories of the systems 
engineering approach to solving complicated, but well-defined, scientific prob-
lems. When system boundaries are ill defined and cause—effect relationships are not 
well understood, a systems engineering approach may not provide much insight. 

We can understand and optimize simple and complicated systems by taking them 
apart and analyzing their details. However, we cannot understand and manage com-
plex systems by applying the same reductionist strategy. In our view, continued 
efforts to apply existing analytical tools, like cost-benefit analysis and optimization 
theory, to complex water problems are not likely to help (Ackoff 1979; Bennis et al 
2010; Stightz et al 2010). 

We argue that water resources might be more effectively managed if we under-
stood more about the interaction and feedback among components of the relevant 
natural, societal, and political systems. One of the most powerful tools for represent-
ing functional relationships among large numbers of interconnected components is 
network analysis. A network (or graph) is a collection of nodes (vertices) and links 
(edges) between the nodes. These links can be directed or undirected, and weighted 
or unweighted. A water network can be described as an interconnected set of nodes 
representing natural, societal, and political variables. The flow of information among 
these nodes to update their status makes them dynamic. Our challenge is to identify 
the mechanisms that define the flow of information among the nodes. 

It is in the context of networks that we propose a new approach to water man-
agement—we call this the Water Diplomacy Framework (WDF). It is rooted in 
complexity theory and non-zero-sum negotiation, and seeks to bridge scientific 
objectivity and contextual understanding. The WDF posits that complex water 
problems might be more effectively managed by thinking about water as a flexible 
resource and invoking three key assumptions about water networks: (1) water 
networks are open and continuously changing as a function of the interactions 
among natural, societal, and political forces; (2) water network characterization and 
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management must account for uncertainty, nonlinearity, and feedback; and (3) the 
management of water networks ought to be adaptive and negotiated using a 
"non-zero-sum" approach. 

Water is a Flexible Resource 

Traditionally, water has been viewed and managed as a scarce resource. Any water 
set aside for one group is presumably unavailable to other groups. But this notion 
demands closer scrutiny. Water is actually becoming an expandable resource. 
Ongoing and fundamental change in the sharing of knowledge and new technolo-
gies now allows the same resource to be used in multiple ways by multiple users. 
When viewed as a fixed pie, water allocation leads to conflicts. With new knowl-
edge, however, water may become an expandable resource. Three illustrative exam-
ples explain why and how: (1) adoption of new technology and emerging practices 
from one part of the world (e.g., the United States) have already enhanced water 
productivity in another (e.g., sub-Saharan African) by a factor of four (Kijne et al. 
2003); (2) distinctions between blue water (i.e., in lakes, streams, and aquifers) and 
green water (i.e., moisture in the soil) can substantially change the total amount of 
available water for competing uses (Falkenmark and Rockstrom 2006); and (3) the 
use of embedded or "virtual" water (i.e., water used in the production of goods and 
services) can reverse water shortages in many parts of the world. In other words, a 
more flexible conceptualization of water has the potential to minimize water con-
flicts by capitalizing on knowledge sharing. To make such transformation possible, 
however, we need a knowledge base that allows access to both explicit (scientifically 
objective) water information and tacit (contextually relevant) water knowledge. 
This synthesis is at the heart of the WDF. 

Thinking in Terms of Water Networks Rather than Systems 

The origin of many of our water management problems stems from our fragmented 
or bounded view of water as a "natural object" or, at other times, as a "societal issue," 
or, at still other moments, as a "political construct." The components of each water 
resource management puzzle can fit together in so many different ways that it is 
practically impossible to use "reductionist" or traditional "systems engineering" 
methodologies to resolve water management conflicts. 

To contextualize the complexities of water management problems, we offer the 
example from the Apalachicola-Chattahoochee-Flint (ACF) river basin shared by 
three states in the southeastern United States (Figure 2.1). The ACF basin drains 
19,800 square miles of western Georgia (GA), northern Florida (FL), and eastern 
Alabama (AL). Nearly 2.6 million people depend on the ACF for their water. From 
1960 to the 1970s, the ACF basin went through a cycle of floods and drought. Water 
supply and irrigation were the primary uses of water in the basin. The management 
of these resources by the U.S. Army Corps of Engineers (USACE) worked 
well when water needs were minimal and stakeholders were few (Leitman 2005). 
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FIGURE 2.1 Evolution of the ACF basin water problem 

Conflict grew, however, as the number of competing stakeholders and their needs 
increased (Figure 2.1). In addition to local socio-economic and environmental 
changes, the water management context was transformed by the introduction of 
new laws, such as the National Environmental Policy Act and the Endangered 
Species Act at the national level. These provided legal ground for Florida, the U.S. 
Fish and Wildlife Services, and a range of non-governmental organizations to con-
test decisions made by the USACE. The fragmentation of agency mandates at the 
national level also created competition and rivalries with state and local govern-
ments (Clemons 2004; Leitman 2005; Feldman 2008). 

The first incident of interstate water conflict in the ACF basin occurred in 1989. 
To address increased water demand in Georgia, the USACE proposed to reallocate 
Lake Lanier's water from hydropower to water supply. This alarmed Alabama because 
increased withdrawals could stunt economic growth along the Chattahoochee 
River between Georgia and Alabama. In 1990, Alabama sued the USACE. Florida 
joined the lawsuit, claiming that reduced water flow would harm the coastal envi-
ronment, particularly the oyster industry in Apalachicola Bay. Despite 13 years of 
deliberation, the states were unable to reach agreement on how to allocate the ACF 
basin's water. Time ran out and the matter went to court (Leitman 2005). In July 
2009, a U.S. District Court Judge ruled that the USACE had illegally reallocated 
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water from Lake Lanier to meet Atlanta's urban development requirements, giving 
Georgia too much water. 

The ACF water allocation negotiations highlight (Clemons 2004; Leitman 2005; 
Feldman 2008) several problems with the way scientific data and socio-economic 
considerations are often handled. An ACF Water Resources Study intended to 
address the dispute over possible stream flows (i.e., minimal in-stream flow require-
ments versus restoration of natural flows in downstream ecosystems) seemed sur-
prisingly limited in its scope. Second, there was no agreement on the data that 
needed to be collected or how projections regarding future demand should be 
made. Third, there was a fundamental disagreement about the appropriate allocation 
formula. While the states agreed on the modeling tools that should be used, they did 
not agree on how the output ought to be analyzed. 

Instead of jointly defining an allocation formula, or agreeing on the criteria for 
choosing one, the states decided to evaluate alternative proposals using the criteria 
that they liked best. The lead negotiator for each state changed during the negotia-
tions (as a result of federal and state elections). These deficiencies illustrate how 
evolving political realities and unresolved scientific questions can make water 
allocations extremely difficult. 

The ACF basin example—as well as the conflict among Alpha, Beta and Gamma 
described in the opening Indopotamia fable—shows how the links, interactions, 
and feedback among natural, societal, and political variables make it difficult to 
characterize and resolve complex water problems. 

Acknowledging the Complexity of Water Networks 

Many water management problems stem from what we describe as the competition, 
interconnection, and feedback among natural and societal processes within a politi-
cal domain (NSPD), as shown in Figure 2.2. Within the natural domain, the inter-
play among three important variables—water quantity (Q), water quality (P), and 
ecosystems (E)—can lead to conflict. Within the societal domain, there are equally 
complex interdependencies and feedback among social values and cultural norms 
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FIGURE 2.2 Interactions among natural and societal processes within a political domain 
(NSPD) 
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(V), assets including economic and human resources (C), and governance institu-
tions (G) (Islam, et al 2010; Islam and Susskind 2011). 

Our observation that natural and societal domains are linked is not novel. Our 
argument, however, is that there are strong boundaries between these domains that 
are likely to get in the way of resolving complex water management problems. 
Currently, there is no accepted framework to explain how these domains interact or 
how the interactions among these variables should be managed. A key goal of our 
work has been to create a better way to characterize (Chapter 3) and manage 
(Chapter 4) these complex interactions. 

A Synthesis of Natural, Societal, and Political Domains 

The need to integrate across these three domains has been recognized by many 
other water scholars and practitioners (Biswas 2004; Lankford and Cour 2005; 
Pahl-Wostl et al 2007). What we hope to add is the recognition that uncertainty, 
feedback, and complexity must be addressed explicitly. Each water management 
problem is highly sensitive to its particular context: because knowledge about the 
interactions among the three domains is both local and contextual, management 
interventions that work in one watershed may not be applicable in another. 

Thus, an overarching challenge for theory-building is: How do we integrate 
multiple kinds of knowledge from the natural and societal domains into a diagnostic 
framework that water professionals can use to deal with the complexity of water 
management networks in any particular location? More specifically: Why do certain 
management interventions work in one watershed, but not in another? What can be 
learned by studying the effects of a particular intervention (e.g., rules of reservoir 
operation) in different watersheds? 

Our guiding hypothesis is: differences in societal processes, natural settings and 
political contexts are likely to cause the same water management interventions 
to have different outcomes in different settings. To make appropriate network-
specific decisions, we must learn how to characterize the interacting variables and 
processes (Figure 2.2). We suggest concentrating on the dominant variables in the 
natural (E, P, and Q) and societal (C, G, and V) domains. The presence or absence 
of one or more of these variables (C, V, G, Q, P, and E) should help to differenti-
ate water problems and conflicts in different settings and at different scales from 
each other. For example, the implementation and success of a specific management 
policy in a particular watershed may depend on the governance arrangements that 
have emerged in their location. On the other hand, the same governance policy 
may fail in another watershed where the interactions among C, G, and Q are weak 
because they depend on ill-conceived incentive instruments (C), leading to ineffec-
tive implementation (G) of water allocation plans (Q). 

Prioritization of variables and feedback loops in NSPDs is difficult, especially 
because methods for characterizing these variables are not yet well developed. Water 
quantity can be measured and characterized with a high level of accuracy using a 
standard protocol, but it is much more difficult to measure and characterize the 
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effects of governance structures with a similar level of accuracy and certainty. 
Sometimes inadequate data or simplistic assumptions are used in the absence of a 
clearer understanding. Often they fail to incorporate adequate diagnostic checks 
during calibration and validation (Scruggs 2007). One can also find qualitative 
methods that overstate the generality of particular cases or fail to use well-grounded 
concepts and theories (Goldthorpe 1997). Clearly, no method is immune to indis-
criminate use. Methods of characterizing NSPD relationships need not be discarded 
because they have been poorly applied in the past. Instead, we must develop 
improved measurement practices: approaches that combine complementary 
methods of analysis will probably be superior (Gray et al 2007). 

Our focus is in on the need to characterize interactions among the variables and 
processes in three domains. With the proper analysis in hand, it will be easier to 
resolve boundary-crossing water disputes, especially when data are difficult to col-
lect and not readily comparable because of disparities in scales and levels. One needs 
considerable contextual knowledge to grasp the complexities of a particular water 
network's operations. 

Water Diplomacy Framework: Three Propositions 

It is in the context of these interactions that we propose a new Water Diplomacy 
Framework (WDF) rooted in ideas about complexity theory and non-zero-sum 
approaches to negotiation. Table 2.1 displays the most important elements of 
the WDF. 

There are three key propositions critical to using the WDF. 

Water Networks are Open and Continuously Changing 

Our first proposition is that water management problems are complex because they 
arise when natural, societal, and political forces interact. In such networked (i.e., 
linked) interactions, boundaries are dynamic and porous. This complexity can render 
the tools of traditional systems engineering and optimization inadequate. In "sys-
tems engineering thinking," one seeks to represent interconnected components 
and their dynamic relationships mathematically. As noted earlier, such an approach 
works well when systems are bounded, relatively stable, and cause—effect relation-
ships are well understood. When these conditions hold, objective functions (that is, 
the relationships among variables) can be predicted with confidence. Within the 
context of coupled water networks, however, when variables are not clearly 
bounded, and objective functions are more a matter of preference than science (for 
example, a preference to maximize sustainability as opposed to economic utility), 
the indiscriminate application of systems engineering or optimization theory will 
not lead to clear cut solutions. 

We need a different way to represent the complex network interactions among 
variables in the NSPD context. Complexity theory, in our view, is particularly useful 
for characterizing and managing such relationships in these settings. Perhaps the 
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TABLE 2.1 Key Elements of the Water Diplomacy Framework (WDF) and How it Differs 
from Conventional Conflict Resolution Approaches 

The Water Diplomacy Framework 
(WDF) 

Conventional conflict resolution theory 
(applied to water and other common-
pool resources) 

Domains and 
scales 

Water 
availability 

Water 
systems 

Water 
management 

Key analytic 
tools 

Negotiation 
theory 

Water crosses multiple domains 
(natural, societal, political) 
and boundaries at different 
scales (space, time, jurisdictional, 
institutional). 

Virtual or embedded water, blue 
and green water, technology 
sharing and negotiated 
problem-solving that permit re-use 
can "create flexibility" in water for 

Watershed or river-basin falls 
within a bounded domain. 

Water is a scarce resource, and 
competing demands over 
fixed availability will lead to 
conflict. 

competing demands. 

Water networks are made up of 
societal and natural elements 
that cross boundaries and change 
constantly in unpredictable 
ways within a political 
context. 

All stakeholders need to be 
involved at every decision-making 
step including problem framing; 
heavy investments in 
experimentation and monitoring 
are key to adaptive management; 
the process of collaborative 
problem-solving needs to be 
professionally facilitated. 

Stakeholder assessment, joint 
fact-finding, scenario planning and 
mediated problem-solving are the 
key tools. 

The Mutual Gains Approach 
(MGA) to value creation; 
multiparty negotiation keyed to 
coalitional behavior; mediation 
as informal problem-solving are 
vital to effective non-zero-sum 
negotiation. 

Water systems are bounded by 
their natural components; 
cause—effect relationships are 
known and can be readily 
modeled. 

Decisions are usually expert-driven; 
scientific analysis precedes 
participation by stakeholders; 
long-range plans guide short-term 
decisions; the goal is usually 
optimization, given competing 
political demands. 

Systems engineering, optimization, 
game theory, and negotiation 
support-systems are most 
important. 

Hard bargaining informed by 
prisoner's dilemma-style game 
theory; principal-agent theory; 
decision-analysis (Pareto 
optimality); theory of two-level 
games. 

Apple


Apple
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most profound insight from the study of complex networks is that they are domi-
nated by the unexpected. The smallest causes can have large effects while factors 
generally considered primary may have no effect at all as perturbations or new 
information work their way from node to node. Consequently, the message for 
water managers is: plan as if these networks and interactions among nodes are 
unpredictable. Effective management of complex water systems requires an 
approach that takes advantage of the unexpected and assumes an adaptive learning 
orientation. To that end, we propose viewing water management tasks through the 
lens of complexity theory with an explicit reliance on adaptive network representa-
tion (Barabasi 2003; Bar Yam 2004; Liu et al 2011). 

To develop this alternative framework, we begin by assuming that most complex 
water management problems can be best understood as the product of competition, 
feedback, and interconnection among natural and societal variables in a political 
context as shown in Figure 2.2. Given how porous, coupled, and interactive these 
three domains are, we cannot explain—much less forecast—their behavior without 
treating them as forces beyond the control of water managers. Framing water man-
agement challenges or conflicts in terms of intricately linked natural, societal, and 
political variables makes clear why they are not readily bounded and change con-
stantly in uncertain ways. Here is an example: an irrigation canal is both a convey-
ance instrument for water and a device that generates a dependent relationship 
between upstream and downstream users. Ongoing relationships among the users 
have as much to do with the management of the canal as they do with the physical 
or engineering characteristics of the canal. Separating these two attributes of the 
canal—its "natural" meaning in the environment and its "societal" meaning—and 
treating them as separate rather than as part of a complex and unpredictable net-
work, will lead to management mistakes. 

Reflective water professionals not only need a general understanding of 
interactions among variables and processes within a water network, but also 
a method of generating context-specific insights. Local and contextual understand-
ing resides in the experience of a wide array of actors. So, the best method of 
capturing context-specific information is to involve representatives of all 
relevant institutional actors and groups. Methods for identifying and ensuring ade-
quate stakeholder and network representation are discussed at length in subsequent 
chapters. 

Water Network Management must Account for Interactions, 
Non-linearity and Feedback 

Recent discussions in the water management community have raised questions 
about the usefulness of historical statistics for designing water systems for an uncer-
tain future (Milly et al 2008; Stakhiv 2011). A standardized approach in the practice 
community relies on being able to make precise estimates of the probabilities of 
events based on historical data. That is, analysts must have confidence that going 
back in time (or looking at enough previous situations), will yield a clear pattern or 
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tendency that can be relied on to occur, in general, in the future. Once they have a 
forecast, they try to figure out the most efficient way to achieve their objectives 
given what the future is likely to hold. However, in the complex world of water 
management, there is too much uncertainty to forecast with confidence. The emer-
gence of climate change, for example, has already altered the dynamics of the hydro-
logic cycle, ranging from changes in the frequency of storms to the intensity of 
rainfall to the timing of snowmelt. It is not possible at the present time to predict 
the exact impact of climate change on water networks—yet, it is crucial that com-
munities take action now to adapt to the climate change risks they face. 

There are tools for managing water resources in the face of uncertainty, but these 
are quite different from the modeling and forecasting tools that assume stocks and 
flows of water systems can be modeled with predictive accuracy. Scenario planning, 
for example, which simulates alternative futures and takes a "portfolio approach" to 
generating "no regrets" actions offers a way forward (Wright and Cairns 2011). 
Forecasting models are still important, but they have to be deployed in new ways 
that focus on a spectrum of potential outcomes under alternative futures rather than 
on the limited predict-and-choose paradigm that has characterized the past use of 
models as forecasting tools. 

Water Network Management must be Adaptive and use Non-zero-sum 
Approaches to Negotiation 

A dominant assumption in water management has been that the allocation of com-
mon-pool resources (another name for public goods like water resources and the 
ecosystems that support them) is always a win-lose situation. More powerful actors 
"win" and gain control of resources, less powerful parties "lose" and only have access 
to water if more powerful nations, groups, water owners, or others permit it. The 
emergence of non-zero-sum, or mutual gains negotiation theory, over the past few 
decades, has challenged this win—lose logic by offering a "value-creating" alternative 
that allows groups with conflicting goals to achieve them simultaneously (Raiffa 
1985; Lewicki et al 2010; Mnookin 2010). This mutual gains approach to negotia-
tion rests on the assumption that joint fact-finding, the discovery of interlocking 
trades, contingent commitments, and an adaptive approach to handling uncertainty 
can "maximize joint gains." "All-gain" negotiations usually require the assistance of 
a neutral facilitator or mediator to manage the process of problem solving (Susskind 
and Cruikshank 1987). 

To summarize: water conflicts occur when natural, societal, and political forces 
interact. Together, these interactions generate what we call water management net-
works. As population growth, economic development, and climate change impose 
pressure on finite water resources, interventions at critical nodes and links of these 
networks will become increasingly important. Science alone is not sufficient to 
resolve disputes within these networks. Nor is policy-making that does not take 
science into account likely to yield sustainable solutions. Rather, sustainable solu-
tions are most likely to be found through a negotiated and joint problem-solving 
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approach that blends science, policy, and politics to understand (Chapter 3) and 
manage (Chapter 4) complex water problems. 

Selected Readings with Commentaries 

K. Coman "Some Unsettled Problems of Irrigation, "(1911) 

Introduction 

This article appeared in the first issue of the American Economic Review 100 years ago 
in 1911, and focuses on issues of irrigation for the western plains in the United 
States, describing outcomes achieved by private and public institutional arrange-
ments. Many of the irrigation systems promoted by the federal government failed, 
while the projects supported through private enterprise did well. By analyzing the 
relative merits of the two methods of irrigating public land, the author found that 
the tendency of government officials to focus on legislative details while ignoring 
more relevant and contextual issues often led to unintended yet disastrous conse-
quences. Another issue she emphasizes is the inadequacies of the water rights sys-
tems in the western United States. 

We selected this article because the unsettled problems identified by Coman a 
century ago are relevant and unsettled even today. By holding the ecological systems 
and geographical region (western states) fixed, she was able to describe how differ-
ent institutional arrangements and governance structures led to different outcomes 
for the same management objective. She also describes how our attempts to "tame" 
nature for societal benefits—in this case, our attempts to make the desert into a 
garden often lead to very difficult collective action problems because natural, soci-
etal, and political systems become intricately coupled. 

Our Quest to Tame Nature for Societal Benefit (p. 36) 
[Geologist Nathaniel] Shaler called the Cordilleran area, comprising the western third 
of the United States, the "curse of the Continent." West of the hundredth meridian, 
precipitation, except for certain favored sections, is insufficient for agriculture or for 
forest growth, and pasturage can be reckoned on for the spring and early summer 
only. From the mesas and foothills of the Rockies to the western slope of the Sierras, 
arid or semi-arid conditions prevail. The average annual rainfall varies from two inches 
in the deserts of the southwest to 20 inches on the Great Plains, but nowhere except 
on the north Pacific coast does it furnish a reliance for the farmer. On the western 
slopes of the mountain ranges, where the moisture-laden winds of the Pacific ascend 
to colder altitudes, there is considerable rain. The precipitation of autumn and winter 
is held in vast beds of snow and ice until the fervid suns of May and June release the 
flow. Then springs and torrents rush down to the lowlands, the rivers overflow their 
banks, and the valleys are flooded. How to conserve this excess water to serve the 
needs of summer-grown crops is the problem of arid America. 
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The first Americans who attempted to farm the desert were the pioneers of the 
Mormon migration. Brigham Young and the 140 devoted saints who followed his 
lead across the Wasatch Mountains to the new Zion on the mesa above Great Salt 
Lake had no knowledge of irrigation; but agriculture was a sine qua non to a settle-
ment so remote from civilization. Within two hours of their arrival they began to plow 
for a belated planting. "We found the land so dry," wrote Lorenzo Snow, "that to 
plow it was impossible, and in attempting to do so some of the plow beams were 
broken. We therefore had to distribute the water over the land before it could be 
broken." 

Our Inability to Distinguish between "Boom and Boomerang" 
(pp. 37-38) 

Water rights were free as air, and every ranchero used the streams that the winter 
rains sent across the lowlands, according to his own convenience. Only in the pueb-
los, San Jose and Los Angeles, was there endeavor to treat the scant supply as a 
common property to be developed by the building of dams and ditches under the 
direction of the public authorities. The advent of the gold seekers made heavy 
demands upon the water resources of the Sierras. Running water was a prime neces-
sity in placer mining, the new market afforded by the mining communities induced 
a far more extensive agriculture, and water rights became, for the first time, a matter 
of serious concern. The water needed to operate the sluices and long toms had to be 
conducted to the diggings in flumes, sometimes many miles in length and represent-
ing a considerable investment of labor and capital. Mining custom, which the 
California Legislature formulated into law, established the principle of "first come first 
served." A notice posted at the point of diversion, stating date of posting and the 
amount of water to be taken out, constituted a claim to a specified number of miners' 
inches. The law required that the claim should be registered with the county officer 
within 60 days of the posting, and the courts later decided that the claimant must 
prove that the construction of ditches, canals, or flumes had been undertaken imme-
diately and prosecuted with diligence, and that the water drawn off was being put to 
a beneficial use. Notwithstanding these precautions, the miners' custom, notably 
when applied to agricultural districts, gave rise to strife and uncertainties that seri-
ously handicapped industrial development. It had become evident that land with no 
assured water supply was of little value for agriculture. The streams that might be 
utilized within the resources of individual ranchmen were soon monopolized, and 
works of greater cost were needed to construct diversion dams, build main canals, 
and set up pumping machinery for the irrigation of the thousands of acres of fertile 
land that lay back from the water courses. In the hope of encouraging the develop-
ment of the Great Valley between the Sierras and the Coast Range, a region all 
untouched by the Spanish regime, the Legislature (1862) passed an act authorizing 
the incorporation of canal companies and the construction of canals "for the trans-
portation of passengers and freights, or for the purpose of irrigation and water power, 
or for the conveyance of water for mining or manufacturing purposes, or for all of 


