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Water Management in Human-Dominated Ecosystems 

How do policymakers reconcile the public's demand for a better envi- 
ronment that requires substantial ecosystem improvements with the public's 
concurrent demand for reliable services from that environment, including 
water and power? Less formally, how do large-scale water systems save 
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the fish and the ecosystems and still have hydro-electricity to use and wa- 
ter to drink? This paradox of rehabilitating ecosystems and ensuring at the 
same time their service reliability is real for the foreseeable future. 

Developments are under way to address the paradox in new ways. They 
revolve around engineers and line operators who seek to ensure reliable, 
predictable water and power supplies and ecologists who are committed 
to reintroducing something like the complexity and unpredictability that 
the ecosystem and landscape once had. Ecologists stress the significance 
of experiments, most notably in ecosystem rehabilitation on the basis adap- 
tive management (Arrow, 1995; for the more controversial aspects of this 
position, see the special issue in Ecological Economics, volume 15). Engi- 
neers and operators in the control rooms of large technical systems, on the 
other hand, are focused on service reliability, which often precludes large- 
scale experimentation and classic trial-and-error learning. 

Five areas of innovation are emerging for striking tradeoffs and setting 
priorities around ecological rehabilitation and engineering reliability. We 
discuss each area, drawing from recent interviews in three major ecosys- 
tems in the United States: the Everglades, Columbia River Basin, and San 
Francisco Bay-Delta (Van Eeten en Roe, 2002). One key area of innovation 
are the gaming exercises and participatory modeling efforts we encoun- 
tered in the cases. They are explored in more detail in this paper and ad- 
dress an important debate regarding participatory processes: how to balance 
learning and adaptation with compliance and accountability (e.g., Guijt, 
2000). 

First, however, we briefly introduce these case studies and show how 
the challenge for water management manifests itself. 

San Francisco Bay-Delta 

The San Francisco Bay-Delta is a web of waterways created at the junc- 
tion of the San Francisco Bay and the Sacramento and San Joaquin rivers 
and the watershed that feeds them. The area has been dramatically altered 
by humans in the last two centuries, not in the least by the large-scale 
waterworks of the California and federal government. Waterways and is- 
lands are protected by more than 1,100 miles of levees as well as other 
flood control structures. Some Delta islands have subsided to such a de- 
gree that they are now 20 feet below sea level. It has been estimated that 
two-thirds of the state's rain falls in northern California, while two-thirds 
of the people reside southern California, an asymmetry used to justify the 
massive, reliability-driven water conveyance infrastructure of the Califor- 
nia State Water Project and the federal government's CentralValley Project. 
The Bay-Delta is the hub of these two water distribution systems, that to- 
gether divert on average around 25 percent of the total inflow of water into 
the Delta--though this percentage fluctuates erratically over time. 

For decades, the Bay-Delta has been the focus of competing economic, 
ecological, urban, and agricultural interests. A variety of governmental and 
non-governmental organizations seek to conserve the largest estuary on 
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the Pacific side of North and South America, home to a reported 130 fish 
species and millions of local and migratory birds. Anglers and commercial 
fishers are concerned about the sustained use of one of the most produc- 
tive natural salmon fisheries on the American West Coast. California's ag- 
ricultural industry, which at the end of the last century accounted for nearly 
$25 billion per year, demands the supply of irrigation water to millions of 
acres of the world's most productive farmland. As found in the other case 
studies, there are variety of stakeholder groups representing each of these 
interests. 

The state's key organization managing the water supply system is the 
Department of Water Resources (DWR). It provides water for municipal, 
industrial, agricultural, and recreational uses; manages the control room of 
the State Water Project (located next to the Bureau of Reclamation's con- 
trol room of the CentralValley Project); regulates dams and reservoirs; and 
provides flood protection and emergency management. It is mandated to 
protect and restore the Bay-Delta and wider watershed by controlling sa- 
linity and providing water supplies for water users, by planning long-term 
solutions for environmental and water use problems facing the Delta, and 
by administering levee maintenance and special flood control projects. DWR 
works with local water agencies such as the Metropolitan Water District of 
Southern California serving the greater Los Angeles area. 

The provision of these services has harmed the environment. Increas- 
ingly, DWR has been required to meet environmental mandates, most no- 
tably those associated with the Endangered Species Act (ESA). The 1990s 
witnessed the emergence of a massive interagency program called CALFED 
(CALifornia state and FEDeral agencies). It continues to be a joint effort to 
simultaneously address environmental and water management problems 
with the Bay-Delta. The need for a consortium of agencies reflects that, 
while DWR is a major player, ecosystem restoration and water reliability 
are under the purview of other state and federal agencies also, such as the 
California Department of Fish and Game (DFG). 

CALFED identified several key threats to the Bay-Delta services and re- 
sources: declining fish and wildlife habitat; native plant and animal spe- 
cies threatened with extinction; degradation of the Delta as a reliable source 
of high quality water; and a Delta levee system faced with a high risk of 
failure. Consequently, CALFED arrived at four"Primary Objectives"to be 
pursued at the same time in order to create a"win-win" resource policy. 
The objectives have been variously summarized as "ecosystem quality," 
"water supply reliability,'"water quality," and "levee system integrity." It 
has been estimated that the CALFED Program, once implemented, will 
cost about $10 billion. More than $300 million on ecosystem restoration in 
recent years has been spent by the Program in recent years. 

Columbia River Basin 

Attention between maintaining salmon populations and highly reliable 
power, flood control and irrigation services is nowhere clearer than in the 
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Columbia River Basin of the Northwest Pacific. Covering four states, as 
well as part of British Columbia, the region has the world's largest hydro- 
power system (the Bonneville Power Administration) having arguably the 
world's largest fish and wildlife program. Some $427 million per year are 
spent on fish and wildlife measures, which is why a senior BPA planner 
remarked,"We are the largest fish and wildlife agency in the world." 

The Columbia River Basin statutory decision making authority is divided 
among a complex set of actors including federal agencies, a number of 
Native American tribes, governments from four states, and other stake- 
holders such as utility companies, industrial and residential power users, 
and many recreational and environmental interest groups (McConnaha and 
Paquet 1996; McLain and Lee 1996). 

The Basin's many dams are seen as a, if not the, major threat to the ESA- 
listed salmon. Over 30 dams owned by the Army Corps of Engineers (ACE) 
and the Bureau of Reclamation (BR) generate most of the hydropower in 
the region. The hydropower is sold by BPA, which manages the control 
room for the grid and associated water system operations. BPA is the region's 
main power supplier and also sells surplus power to California and the 
Southwestern U.S. The crisis around salmon decline in the region has had 
far-reaching effects on these organizations. Currently, BPA funds about 250 
fish and wildlife projects a year, from repairing the spawning streams to 
studying fish diseases and controlling predators, totaling up to about one- 
fifth of the agency's operating budget. Projects for BPA funding are identi- 
fied by the Northwest Power Planning Council's fish and wildlife program. 

The Northwest Power Planning Council (NPPC) is a four-state council 
formed by Idaho, Montana, Oregon and Washington to oversee electric 
power system planning and fish and wildlife recovery in the Columbia River 
Basin. It should also be noted that there are other major ecosystem resto- 
ration efforts in the region, most notably the Interior Columbia Basin Eco- 
system Management Project (Quigley et al. 1999;Van Eeten and Roe 2002). 

The institutional context for service provision by the BPA is set by the 
Pacific Northwest Electric Power Planning and Conservation Act of 1980. 
The Act seeks to"protect, mitigate and enhance fish and wildlife affected 
by the development, operation, and management of [power generation] 
facilities while assuring the Pacific Northwest an adequate, efficient, eco- 
nomical, and reliable water supply." But how is BPA to do this, given im- 
precisely defined terms like"restore,"enhance,'and"reliable" ? As the senior 
biologist planner at the Northwest Power Planning Council told us, the 
last clause of the Power Act"AERPS'(adequate, efficient, economical, and 
reliable power supply)"never has been quantified, so it is not very clear 
what it actually means." 

Florida Everglades 

The human hand has also massively transformed the Everglades. Ogden 
(1999, 174) provides a good review of the recent changes in the there. Re- 
searchers and other authors (including Light et al. 1995; United States Army 
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Corps of Engineers and South Florida Water Management District 1999) 
found that: the area of the original greater Everglades has been reduced by 
almost 50 percent due to the conversion of large portions to agriculture 
and later to urban land uses; the depths and distribution patterns of the 
water system in virtually all the remaining areas of the Everglades have 
been altered; approximately 70 percent less water flows through the Ever- 
glades of today than originally; of the seven major landscape features in 
the presettlement Everglades, three have been eliminated entirely; exotic 
species have been introduced; and the number of ESA-listed species was 
up to nearly 70 in 2000. 

The greater Everglades ecosystem, called the south Florida ecosystem, 
stretches south from Orlando and includes the Kissimmee Valley, Lake 
Okeechobee, the remaining Everglades, and on to the waters of Florida 
Bay and the coral reefs. Between Lake Okeechobee and the Everglades Na- 
tional Park are the Everglades Agricultural Area and three Water Conservation 
Areas. Overlaying the ecosystem--and connecting it to the coastal area of me- 
tropolises including Miami--is an elaborate water management infrastructure, 
most notably the Central and Southern Florida Project built by ACE. 

Created through legislation in 1948, the Central and South Florida Project 
is managed by SFWMD and ACE. It encompasses 18,000 square miles, 1,000 
miles of canals, 720 miles of levees, and almost 200 water control struc- 
tures.The project's mandates are to ensure reliable water supply, flood pro- 
tection, water management and related services to south Florida. Population 
in South Florida has risen from 500,000 in the 1950s to more than 6 million 
today. As a result, not only are the quality and quantity of the water that 
enters the ecosystem seriously degraded, but it is also widely accepted that 
there is not enough water for the people either. Water restrictions have 
been increasingly invoked in response to shortages. Shortages, however, 
have been as much a matter of timing as of quantity. The water manage- 
ment infrastructure currently shunts 1.7 billion gallons of freshwater into 
the ocean every day, as a result leaving the Everglades with too little water 
in the dry season and too much in the rainy season. 

Legislation in 1992 and 1996 provided the ACE with the authority to 
review the Central and Southern Florida Project. The Corps was asked to 
develop a Comprehensive Plan to restore and preserve the south Florida 
ecosystem, while enhancing water supplies and maintaining flood protection. 
Together with SFMWD, ACE undertook the Central and Southern Florida 
Project Comprehensive Review Study, now known as Comprehensive Ever- 
glades Restoration Plan, to restore and protect the south Florida ecosystem. 
The US Congress recently approved the Plan for approximately $7.8 billion. 

Innovations in Water Management 

The major initiatives undertaken in the three case studies have found it 
difficult to bring actors together around a shared strategy for water man- 
agement that would simultaneously improve water reliability and ecosys- 
tem rehabilitation. Notwithstanding these problems, our case studies have 
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also revealed five important areas of innovation around the management 
of large-scale water systems. One of these areas revolves around participa- 
tory modeling and is discussed in more detail in the next section. First, 
however, we turn to four areas of innovation that set the context for the 
modeling efforts: interagency management of control rooms, ecologists in 
control rooms, new accounting and budgeting options, and bandwidth 
management. 

Interagency Management of Control Rooms 

Planning and management of large-scale power and water operations 
are increasingly an interagency process. Each control room we visited is de 
facto managed by a"team'consisting not only of the service provider oper- 
ating the control room, such as California's Department of Water Resources 
and the Army Corps of Engineers, but also state and federal fish and wild- 
life agencies and other environmental units. 

The most intense agency interaction takes place around short-term deci- 
sions. Short-term planning staff in the Bonneville Power Administration 
(BPA) work with other agencies through their technical management team, 
which meets weekly or biweekly. The Bay-Delta CALFED Program has a 
similar institution in its"OPS [Operations] management team,'as has the 
South Florida Water Management District (SFWMD) around the design of 
its regulation schedules. Unresolved issues around reconciling rehabilita- 
tion and reliability are typically pushed to a higher interagency coordina- 
tion team, which acts as a dispute resolution mechanism. So many issues 
are pushed up that two CALFED respondents said their management team 
was buried in operational issues most of the time. 

Yet, even when interagency management teams reach agreement, line 
operators in control rooms may still need help. A BPA biologist working as a 
"interpreter"between the management team and the control room said,"Real- 
time people would get a planning document they literally couldn't read, so I 
help make the connections about where the fish are and what they need." 

Ecologists in Control Rooms 

This biologist-interpreter is an innovation that merits attention, because 
he is actually in the control room and not just part of the management 
overseeing it. His translation is two-fold. He puts planning instructions 
into operational terms and he helps relate ecological information to real- 
time decisions on water and power generation. We found a similar example 
in Florida, where the senior manager in the SFWMD operations office had 
just hired an environmental scientist to work in the control room. In the 
words of the manager, the scientist will manage constructed wetlands and 
serve as"translator"between the line operators and the districts' planning 
staff where ecologists are now located. Ultimately, the senior manager 
hoped to capitalize on"windows where we can enhance both reliability of 
water supply and ecosystem functions..." 
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Underlying this innovation is the remarkable congruence between the 
ways ecologists perceive the aquatic ecosystem and line operators perceive 
the high reliability system for power and water. Ecologists and line opera- 
tors frequently describe their respective systems as more than the sum of 
their parts, as displaying non-deterministic behavior, with complexity that 
can never be fully captured and, therefore, making management extremely 
challenging, with managers always reluctant to intervene--at least in ma- 
jor ways--in systems they do not know, because this potentially creates 
more problems than it solves (Von Meier, 1999). 

New Budgeting and Accounting Options 

Extensive participatory modeling efforts (more below) in the three cases 
have generated new budgeting and accounting options. In CALFED, this 
led to the development of an Environmental Water Account (EWA). An 
EWA, CALFED officials have argued, would provide flexibility that achieves 
ecosystem benefits more efficiently than a regulatory approach and at the 
same time improves water reliability. There are variants of the EWA, but 
the general idea is to give regulatory agencies (US Fish and Wildlife Ser- 
vice, US National Marine Fisheries Service, and California Department of 
Fish and Game) control over an account filled with water or assets that are 
fungible with water (CALFED, 2000, p. 54-59). The account would be used 
to respond to real-time ecological events. Instead of trying to capture all 
contingencies through standards, which wastes resources ("overshooting") 
and hampers the flexibility of line operators, salient regulation would now 
be limited to providing a baseline level of ecosystem protection. With that 
baseline met, the EWA would be used to respond to natural variability more 
efficiently. For example, when real-time monitoring indicates that fish are 
unlikely to be affected, the "export/inflow ratio" (mandating a maximum 
ratio of water exported from the Delta to the south compared to water 
entering the Delta from the north) could be "flexed" to provide water for 
the EWA and to improve water-supply reliability. That water could then 
provide additional security in more sensitive times. 

In effect, the EWA brings ecosystem functions and processes into the 
control room as parameters that can be managed in the real-time optimi- 
zation process, instead of being static constraints on optimization and un- 
dermining reliability. Fisheries agencies enter into direct co-management 
over the water supply system, bringing them into a new relationship with 
line operators. Critical in this regard is that the water account would force 
fisheries agencies to make tradeoffs among competing ecological objec- 
tives, for example, resident fish in the dam versus anadromous fish down- 
stream, a burden that line operators feel is now on their shoulders alone. 

Bandwidth Management 

Line operators in control rooms focus primarily on keeping the system 
stable within specified bandwidths regarding water supply, water quality, 



van Eeten, Loucks and Roe 101 

flood control, power generation, and other activities dependent on ecosys- 
tems. The notion of bandwidths is used by operations planners to identify 
parameters and limits within which they must maintain the system. Some 
parameters are given literally in the form of bandwidths, such as regula- 
tions schedules that describes minimum and maximum water levels for 
Lake Okeechobee at any point in time. Other parameters function as band- 
widths too, such as mandated fish protection or water quality standards. 
As the number and complexity of bandwidths have increased, so has the 
size of the computer systems that run continuously in control rooms to 
schedule and coordinate line operator tasks. 

We found two core processes emerging in bandwidth management: 
managing within bandwidths and setting bandwidths. Interagency man- 
agement of control rooms, bringing ecologists into the control room, par- 
ticipatory modeling and environmental water accounts are all examples of 
rethinking the bandwidths for line operators when providing reliable water 
and power and improving the ecosystem simultaneously. Managing within 
bandwidths is about learning where the flexibility is within the current con- 
straints to improve ecological functions, while providing or enhancing reliable 
services. There are, however, obvious limits to how much flexibility one can 
find within the current bandwidths. Operators continually face situations in 
which they cannot keep the system within all the bandwidths that are handed 
to them.The discrepancies among conflicting bandwidths can be too large to 
be resolved without changing the bandwidths themselves. 

The source of discrepancies among bandwidths is easy to locate. The 
overall set of bandwidths is the aggregate of an array of more or less 
decoupled processes in fragmented and specialized agencies. Processes of 
reassessing conflicting bandwidths and setting new, more coupled ones 
are crucially significant because these, more than anything else, force agen- 
cies to look at ecological functions and reliable services simultaneously, 
identify and explore their tradeoffs, and set priorities in the form of 
recoupled bandwidths. Ironically, we found that agency fragmentation and 
specialization sometimes generated more pressure for recoupling band- 
widths than did integrated programs and plans. That said, it remains diffi- 
cult, sometimes impossible, to nail down the exact shape the tradeoffs 
should take--which brings us to a fifth and final area of innovation: par- 
ticipatory modeling. 

Participatory Model ing  and Gaming  Exercises 

In each of the cases, modeling has played a major role in helping to 
identify the shape of the difficult tradeoffs between ecosystem rehabilita- 
tion and water reliability faced by water management. Modeling exercises 
brought together operators, regulators, engineers and ecologists from the 
agencies involved. Each brought their own assumptions or their own mod- 
els. Through participatory processes, most notably gaming exercises, the 
views of these stakeholders were related to each other, allowing the mod- 
eling to support decisionmaking and inform management in new ways. 
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Before we turn to those processes, we take a closer look at the basic proce- 
dure that allowed multiple actors to relate their assumptions and objec- 
tives to overall decisionmaking alternatives. 

Procedure 

The approach being implemented in these cases is the same as we see in 
many recent initiatives to bring stakeholders together around water man- 
agement  strategies. The procedure for comparing and evaluating alterna- 
tive water managemen t  policies or practices is based on the results of 
hydrologic/hydraulic simulations of those policies or practices. The proce- 
dure converts the output of these simulation models (flows, depths, ve- 
locities, qualities, etc.) that are deemed credible and acceptable by the public 
to values of multiple objectives or system performance criteria. Each ob- 
jective or criterion can be expressed in different metrics or units of mea-  
sure. They can include navigation, hydropower, recreation, shore erosion, 
flood damage or extent, environmental  impacts, and ecological habitats. It 
is an approach that identifies and displays these impacts. It is not a proce- 
dure for finding the 'optimal 'water  management  policy, but rather one that 
can contribute useful information to the political debate that must  take 
place in the search of that optimum. 

Each step of the approach involves working with the various stakehold- 
ers and publics in the basin. These individuals provide important inputs to 
the evaluation process. In addition stakeholders who will be involved in 
influencing or making water management  decisions need to unders tand 
just how this multi-objective evaluation process works if they are to accept 
and benefit from its results. Stakeholder involvement in this process can 
help lead to a common unders tanding (or 'shared vision') of how their sys- 
tem works and the tradeoffs that exist among conflicting objectives. If all 
stakeholders fully unders tand this evaluation approach or procedure and 
how it is applied in their basin, they will be better able to use the results 
and participate effectively in the political process of selecting the best wa- 
ter management  policy or practice. This multi-objective identification and 
evaluation approach merely identifies what  these impact tradeoffs are, not 
what  they should be. This approach includes six steps: 

I. Identification of the various system performance indicators and their units of mea- 
sure at each site or region of interest in the watershed or basin. Examples: 

�9 Water Supply: Quantity, quality, reliability, and cost of supplies, etc. 
�9 Navigation: Maximum draft, Flow velocity, Income, etc. 
�9 Hydropower: Income, Reliability of firm power target, etc. 
�9 Recreation: Suitability for boating (0-1), Income, Visitor days, etc. 
�9 Environment: Concentrations of Algae, dissolved oxygen, nitrogen, etc. 
�9 Ecology: Habitat suitability for selected indicator species or landscapes (0- 

1), etc. 
�9 Shoreline Erosion: Erosion Potential (0-1), Land Depth or Area Loss, etc. 
�9 Flooding: Area, Expected economic damage, etc. 
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II. Identification of the hydrologic attributes (sometimes called stressors) that impact 
each of these performance indicators or objectives at each site and in each time pe- 
riod as applicable. Examples include maximum, mean, median, minimum or 
variance of water depth, flow, velocity, river width, concentration, tempera- 
ture, etc.This can be any function of any simulated hydrologic variable or com- 
bination of variables over any selected time period and region, as appropriate 
for the performance indicator. 

III. Identification of functional relationship between each selected performance indica- 
tor or objective and its selected hydrologic attribute(s). This usually involves the 
specialists or experts in each performance indicator, which could be the stake- 
holders in some cases. This is an important step and can take considerable 
time to reach a consensus on various functions, especially the ecological ones. 
Here is where we found important gaming exercises and modeling sessions, 
to which we return below. Examples: 

�9 Hydropower energy KWH(t) = fn(storage head * turbine-flow in period t) 
�9 Fish habitat(t) = functions of water flow, depth, velocity, quality in period t. 
�9 Erosion potential(t) = fn(maximum velocity, depth in period t) 

Figure 1 

Performance indicators expressed  as funct ions  of hydrological  attributes 

IV. 

Performance 
Indicator 

S Performance 
Indicator 

Hydrologic Attribute Hydrologic Attribute 

It is possible that multiple functions may apply to a single performance indi- 
cator and/or that one performance indicator (e.g. a certain species of fish) may 
become the attribute of another performance indicator (e.g. fish-eating birds 
or a bigger species of fish). 

Generation of time series of objective or performance indicator values associated 
with alternative water management policies or practices. Hydrologic or hydraulic 
simulations will generate time series of hydrologic variables such as flows, veloci- 
ties, depths, water qualities, etc.These can then be combined as required to obtain 
the time series of attribute variable values. These time series of attribute values 
that can then be converted to time series of performance indicator values. 

Figure 2 

A t ime series of values  associated with  a performance indicator. 

Performance 
Indicator 
Value(t) 

Time t 
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V. Generation of composite values over time and space as appropriate for each perfor- 
mance indicator. There are various ways to obtain a composite value, whether 
over time as in the above figure, or over space. The best way can be different 
depending on the particular performance indicator, and the calibration of in- 
dicator values to what professionals or stakeholders consider valid or most 
representative of what is observed in the basin. Geometric means, weighted 
arithmetic means, and maximum or minimum values are just some of the ways 
of obtaining a composite performance indicator value. 

Figure 3 

Creating a composite performance indicator value from multiple performance 
indicator time series. 

Performance 
Indicator 
Value(t) 

Time t ] wV vwVr 

Time t 

Time t 

VI. Summation, display, and comparison of composite performance indicator values. It 
is not easy to compare multiple composite time-series data for each perfor- 
mance indicator for each water management alternative. One way of making 
this comparison easier is to collapsing a composite time series into an 
exceedance function showing the percent of time certain indicator values are 
exceeded. The area under each exceedance curves is the mean. Different 
exceedance functions will result from different water management policies. 
One can establish thresholds to identify zones of performance indicator val- 
ues and assign a color to each zone. Color-coded map displays of ranges of 
performance indicator values and scorecards can be used to summarize and 
display data. These color-coded map displays can be dynamic, showing changes 
over time. Measures of reliability, resilience and vulnerability can be calcu- 
lated and displayed as well. The mean values of each indicator for any set of 
sites can also be displayed in scorecards as shown below. The best value for 
each indicator can be colored green; the worst value for each indicator can be 
colored red. The water management alternative having the most number of 
green boxes will stand out and will probably be considered more seriously 
than the alternative having the most number of red boxes. 

Making the procedure work with multiple actors 

The p rocedure  ideal ly leads to an in tegra ted  mode l  tha t  includes  all rel- 
evant  pe r fo rmance  indicators.  In practice, m a n y  of the  causal links b e t w e e n  
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Figure 4 

Different exceedance functions will result from different management  func- 
tions. Color-coded map displays of ranges of performance indicator values 

and r e s o u r c e s  c a n  be used to summarize and display data. 

Exceedance Functions 

Performance 
Indicator 
Value 

~ ' ~  ~ / C  w a t e r  Management Policy 1 
ater,Management 

= mean performance ~ a ~ ' ~  ~ z 
indicator value 

100 
Percent of time 

hydrological attributes and performance indicators are uncertain and po- 
liticized. This holds especially for the ecological indicators. Different actors 
(agencies and stakeholders) bring their own models  to the table, each based 
on different causal assumpt ions  and each describing different parts of the 
overall system (including bo th  the water system as well as the ecosystem). 
It has been  very hard to reach a working consensus  on the links be tween  
these partial models.  Without these links, different water m a n a g e m e n t  strat- 
egies cannot  be evaluated. 

Still, the cases showed  that  the models  were nevertheless  successful in 
helping to evaluate water m a n a g e m e n t  strategies.This success is in no  small 
part due to the participatory processes and gaming  exercises in which the 
models  were embedded .  One  particularly successful example was a days- 
long"power -mode l ing"  exercise by teams assigned to generate and evalu- 
ate different  a l ternat ives  for the  C o m p r e h e n s i v e  Everglades Plan. As 
described by the senior Everglades planner,  there was a selection of rel- 
evant performance measures,  which were then  fed into an expedited alter- 
native formulat ion and evaluation cycle: 

An alternative was formulated and then modeled by the modelers (about 10-12 
people, mostly South Florida Water Management District modelers).The [alter- 
native evaluation team] (30-40 interagency people) would then compare the 
model outcomes with the performance measures and assess the alternative. This 
evaluation was taken by the formulation teams to tweak and reformulate the al- 
ternative, model it, and then see whether or how it had improved. A key part of this 
process was the"power modeling"weekend, which remodeled the reformulated 
alternatives and did the model runs during the nights... The power modeling (ini- 
tially called"tweak week") built up trust, but wasn't a giant love-in....The [team] 
evaluated not just ecosystem restoration scenarios, but they also had people evalu- 
ating flood and water supply performance of these scenarios. Sometimes you 
would have water supply [people] saying they were happy, but ecological people 
saying they weren't. The process was one of constant reformulation, and they 
were always multipurpose, so in the end different concerns were integrated. 
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Figure 5 

Establishing color-coded zones of indicator 
values for subsequent statistical analyses. 
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Features of the power-modeling weekend were also found in the CALFED 
gaming exercises. The games typically took place over the course of several 
days and involved agency officials and stakeholders, including those re- 
sponsible for water supplies and listed endangered species. They tested 
various scenarios under which water could be allocated month by month 
over the course of actual years from the historical timeline. The goal in 
most cases was to identify, capture, and allocate water, if necessary by finding 
flexibility in the water-supply system to meet both the fixed water needs in 
the baseline (e.g., legal commitments to meet the needs of endangered 
species) as well as the other water supply needs above and beyond the 
baseline. This led to the development of new policy options, such as the 
environmental water account. These new options were then the topic of 
subsequent gaming exercises. 

All these considerations lead to a rather remarkable conclusion: The gam- 
ing (or equivalent participatory setting) itself is the linked, comprehensive 
model for which decision makers have been calling.The tweak weeks, gam- 
ing exercises, and the like are the model in which decision makers must be 
interested if the goal is to evaluate water management options that involve 
many different actors. While current attention is focused on the seemingly 
intractable task of technically integrating and connecting the patchwork of 
models describing water systems and ecosystems, the game does just that. 
The line operators and regulatory staff themselves function as the links 
that have so far escaped modeling. To put it more formally, the people pro- 
vide the non-algorithmic knowledge needed to connect the models 
(Hukkinen 2000, personal communication). The game is basically a simu- 
lation of system behavior, when the system is taken to include the natural 
and the organizational. Because the participants in the games are the links, 
scenarios can unfold, reverberate through the system, and produce sur- 
prises from which learning can then take place. Ecology and engineering 
share the notion that the chief manifestation of complexity is surprise 
(Demchak 1991). Learning from such surprises (i.e., learning about com- 
plexity and whole-system characteristics), is preceded by the ability to gen- 
erate surprises under conditions that are not fatal or prohibitively costly to 
ecologists or water managers. This is exactly what the gaming exercises 
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and the related events have accomplished and brought to the ecosystem 
management  initiatives, 

The results of gaming and similar participatory modeling efforts were 
recounted to us by different interviewees in different terms. But they con- 
verge on increasing trust among participating agencies, focusing and ex- 
pediting decision making by identifying the key issues; identifying the crucial 
gaps in modeling and research beyond the ubiquitous call for"more research;" 
creating a new and shared language between participants (which is then picked 
up by management) that expresses a better understanding of the system and 
its possibilities. It also inspires new policy styles, drawing the fisheries agen- 
cies out of their conventional regulatory answers and drawing water manag- 
ers out  of ha rd - in f r a s t ruc tu re  solut ions ,  t he reby  proving  a un ique  
opportunity to explore the recoupling of services and functions, including 
generating new policy options, such as the environmental  water account. 

As ment ioned above, the environmental  water account coming out of 
the participatory model ing exercises is part of a wider set of innovations 
revolving around new accounting and budgeting mechanisms. This find- 
ing addresses the theoretical debate on how to balance learning and adap- 
ta t ion with  compl iance  and  accountabi l i ty  (e.g., Guijt, 2000). While 
accountability and compliance has always been a key concern in the cases, 
the learning and adaptation processes facilitated through the gaming ex- 
ercises made it possible to develop more effective accountability mecha-  
n i s m s - e . g . ,  in the form of the water account. While many have argued 
that there are contending priorities, our findings suggest that learning and 
adaptation can reinforce accountability and compliance and vice versa. As 
such, these cases hold out the promise that we can move beyond the idea 
that these are conflicting priorities. 

C o n c l u s i o n  

The five areas of innovation found in the three case studies have brought 
actors together in new ways around water management  strategies. We paid 
special attention to the role of participatory modeling, because it has been 
able to generate new policy options. For such complex and often dead- 
locked water management  issues, new options are at a premium. The cases 
demonstrate that participatory model ing efforts are a key part of success- 
fully addressing these major water management  issues faced in the U.S. as 
well as elsewhere. 
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