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Introd uction

"... resolution of conflicting goalsisa
uniquel y human function, imperfect
and irrational asit may be. No
optimization method - indeed, no
model - can tell any decision-maker
how to evaluate the degree to which
various individua (or common
group) desires should be ful filled or
compromised.” Jon Liebman (1976)

Throughout most of the industrialized world, water
reservoir systems are largely developed; relatively little
new reservoir development can be expected The
appl icati on of reservoir goerations and planning models
has shifted from thedevel goment of wate resaurceson a
tablarasato theimproved operation of alargdy existing
reservoir infrastructure for ever-evolving system
operating objectives The gperation of existing systems
in a partly water -dependent economy for new sociall y-
desired objectives (such as most ewironmental
objectives) entails conflict. These conflictsincludethose
between the early economic purposes of water
devel opment (fload control, agricultural and ur ban water
supply, hydropower, and navigation), newer economic
and social purposes (such as recreation and waste
assimilation), and recent environmental objectives(such
as endangered species).

Over the last decade, amaost evey majar system has
entered aperiod of conflict over its operation. Exampl es
include: the Missouri River sygem, with its necessary
tradeoffs between navigation downstream and
hydropower and recr eation upstream, the ColumbiaRiver
sygem, with its conflicts between fish migration flows
and hydropower, the A ppal achicd a-Chatahoochee Flint
(ACF) systan with its conflicts between upstream wban
water supply, downstream estuarine environment, and
middle-r each navigation, and California's never-ending
conflictsbetween agricultural, environmental, andurban
water demands, broadened recently to explicitly include
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flood control. These oonflicts take place within
developed economic and political systems, with vested
interests in the operation of each water system plus a
context of economical ly or pditically intertwined non-
water issues.

How can water resource ystem maodels contribute to
resdving thesecomplex and difficut problems? Or can
such models help at all? The implicit esssumption that
modelsinherently reduce conflid, afrequent view in the
1960's, is called into question. This paper seeks to
organize some ideas on the sulject and ventures some
hypotheses regarding potential answers. This
organization of the prablem and hypotheical answers
stem from the authors experienceswith real systems and
some of the larger literatureon systems engineering and
political science.

Roles of Modeling in Confli ct Resolution Problems

Computer models do not resolve conflicts; people do.
However, computer modding can serve several rolesin
helping people resolve wate resaurces canflids. Many
of these areclassical contributions of computer modelsto
problem-sdving in general.

1. Furthe understanding of the problem. Computer

models of water resource systems require a dear and
congstent conceptualization of the workings of these
systems. Without computer modd s, there is often little
attempt toformalizeor systematize an understanding of
how these systems function (Lord, et a. 1990). As a
rather dim student, the computer must be tdd every step
of how a system works. This insistence on a dear and
consistent understanding of the system is a prerequiste
for good technical solutions to a prablem. Even where
the underganding represented in a model may be over-
simplified or even wrong, the modd's representation
becomes a starting-point for improving a sygematic
scientific understanding of the problem (Holling 1978).

2. Formali zing per formance objectives. Another aspect



of underganding a problem furthered by computer
modeling, especialy relevant far conflict reolution, is
therequired formali zation of performance measur es. For
models to be useful, their output must be expressed in
forms that have meaning in terms of the performance
objectives of different parties. This requires that the
different parties propose quantitative measures of system
performance for the operating objectives they espouse.
Without the requirements of computer modeling, it is
often difficult to motivate parties to precisdy describe
their definition of "desrable’ performance and how
different trade-offsin performance might a might not be
important.

3. Devel oping pramisingalternatives. Computer modds
are close toideal "experimental worlds' far devel oping
innovative alternaives far solving problems and
resolving conflicts (Holling 1978). Using a computer
model, a wide range of altenatives, and espedally
innovative alternaives, can be tried, developed, and
refined at relatively little cog and in a relatively short
time compared with experimenting in the "real" world.
Having a wider variety of alternatives and an ability to
quickly devdop new and hybrid alternatives makes it
morelikely that an aternative can be found that comes
closer to satisfyingthe desires of stakeholdersinvolvedin
water resources conflicts, and thus facili tate compromise
and negotiations.

4. Evaluation of alternatives. Computer models provide
a very rapid and standardized means of evaluating
alternatives in terms of the multiple criteria likely to
conaern conflicting stakeholders. Computer models
alow hundreds, or even thousands of dternatives to be
evaluated in a standardized and reproducible way with
the time and resources treditionally required to perform
asingleanalysismanually. Therapdity, standardization,
and relative completeness of such evaluations also can
facilitat e negotiati ons and compromise.

5. Providing canfidenceinsolutions. A final and perhaps
ova-arching role for modeling in the resolution of
conflicts is to provide greater confidence for decision
makersthat proposed solutionswill function asintended,
and that actual trade-offs will correspond somewhat to
those understood by decision makers based on model
results (Gass 1984; Loucks 190). Good modding
studies should aso provide confidence that a wide range
of alterndives have been examined, sothat the
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reconmended sdutions are likely tobe among the best.
Intheend, engineersand planner suse mod el sbecausewe
think they lead to better and better-understood solutions.

6. A faum for negotiations. Some recent efforts have
been made to employ model development and use as a
forum for negatiations and conflict resd ution (Sheer, et
al. 1989; Thiessen and Loucks 1992; Keyes and Palmer
1993, 1995; Palmer and Keyes 1993). Theintent oftenis
toemploy the lagic of modeling studi esand devel goment
to gructure the negotiatins process, using themodel as
aforum far negatiations. Beyond lending structure to a
negdiations process models cn contribute to
negdtiations through their classical roles, as outlined
above. This may teke theform of rapid protatyping and
evaluation to aid negotiations, or through the use of
simulation gaming to help interests explor e the system
and devel op and test optionson thar own. Thereissome
evidence that computer modds can be helpful in
negotiation settings (Reitsma, & al. 1996).

Classical Multiple Objective Analysis

Classicd multi-objectiveanalysishasoften been proposed
for helping to study and resol ve confli cts. T hesefor msof
analysisgeneradly fall into two categories (Cohon 1978),
methods which generate noninferiar (Pareto-optimal)
soluti on setsand those which incarporate multi-objective
trade-off preferencesto select abest alternative. Methods
for generating noninferior solution sets are intended to
inform ded sion-makers of the performancetrade-offsfor
the most effici ent competing dternatives. The selection
of the"best" d ternative from the non-dominated sol ution
setisoutsideof theanalysis. Thisprocessisillustratedin
Figure 1, where severa aternatives with inferior
performance are diminated for a two-objecti ve problem.
Extensions of this approach include the Hop-Skip-and-
Jump methodsfar generating effident alternatives (Brill,
et d. 1982), intending to generate a wide variety of
solutions with very different, but still Pareto-
efficient/non-dominated, performance.
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Thesecond set of methods empl|oys various approachesto
redud ng the non-dominated sqution set to asingle"bed"
dternative. These approachgs may use mutiattribute
utility theory (K eeney and Raiffa 1976), prior assessments
of weights (Lund 1994), geometric definitions of best
(Zdeny 1974), sequentid colnparisons of dternative
trade-offs (Haimes and Hall 1974), and other iterative
methods.

Of these classical multioljecti
some elementary methods fa
solutions and illudrating tradeoffs and weighting
methods are used commonly. Most other methods have
not been widdy employed, particdarly for problems
invdvingconflict amongcompeting parties. Classcd ly,
these multi-decison maker problems have been
recognized as par ticul arl y difficul t probl emsfor analysis
(Cohon 1978).

Ve analysis mehods, only
I screening out inferior

Multiple Decision-Mak er Analysis

Conflictsinvol ving water resour cesalmost al waysinvolve
multiple decision-makers. Theoretically, such problems
can be analyzed using welfare economics, involving the
aggr egati on of individual utility functions. The practical
analysisof decis on problemsi nvolvi ngmulti pledeci son
makershas generallyinvdved the use of non-dominated/
Pareto-optimal soluti on set generation techniques or the
goplicati on of gametheoary.
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Methods for comparing the multi-objective performance
of a wide range of alternatives, illustrated in Figure 1
above, can have severd roles in multi-decision maker
conflict resolution prodems. First, if al the relevant
objectives of each party can be represented, inefficient
aternatives can be soreened out, helping thepartiesfocus
their deliberaionsontheremaining effident alternatives.
Second, to help the parties in their negotiations among
the remaining dternatives, the multi-objective
comparison of performance provides quantitative
evaluation of the trade-dfsinherent in sd ectionsamong
aternatives. This trade-off assessment can aid both in
negatiations to select an altenative (assuming parties
choose to compromise within this st) and in the
development of new alternatives that wauld be both
efficient and perhaps more likely to gai n acceptance.

A more pointed use of analysisin conflict resolution is
the use of game theoryin negatiations and the prelude to
negatiations (Raiffa1982). Thereisasomeliteratureon
the application of game theory to water resource
problems, but not a great deal (Loucks 1990; Rogers
1969; Kilgore, et a. 1992; Okada and Mikami 1992).

Resourcedlocation or zero-sum gamesinvolvingasingle
issue, such as negotiating a sales price, are the most
common form of analysis for general negotiation
situations, refleding problenswhereonesidel oses atthe
expense of another. Theanalysisfor two-party and multi-



party single-issue allocation games, such as cost
dlocation problems, is fairly well explored (Loehman
1995; Becker and Easter 1995). Some analysis and
empirical resultsalso areavailabl efor multi-party, multi-
issue problems (Raiffa 1982).

The popularization of cogperativegame theory princi ples
also has became the basis for much of the professinal
literaure on conflict resdution/cdlaborative probem-
solvingtechniques (Schelling 1960; Dunning 1986; Delli
Priscoli 1990; McKinney 1990). In cooperative game
theory, there is assumed to be a solution whi ch satisfies
the parties, and the problem remains of how to get the
paties to approach that sdution. In the simplest
cooperative games, two par tiesgropefor asolution which
is to their mutual satisfaction in an environment where
either they cannot communicae (Schelling 1960) or the
peformance of each alternative is fraught with
uncertainty, hindering the ability of each party to agree
on what should be tried next.

Despite a great deal of literature on the theory and
applicati on of gametheory, and the quantitative natur e of
much of thistheory, theseideashave not been extensivdy
incorporated into quantitative analyss of water resource
conflicts. Where these ideas have been used, it has
typicallybeenin aquditative way, for conceptual insight
or explanation, rather than quantitatively to suggest
promising strategies for one party or promising solutions
for a group of stakeholdes. Analytical and empirical
results from a game theory perspective should beable to
provide more insight into how system models can be
better applied to conflict resolution setti ngs.

Aside from gametheory analysisof conflicts, theroles of
modd s in negotiations have been divided into the use of
modelsto prepare far negotiations and the useof modds
as a shared support system for ongang negotigions
(Theissen and Loucks 1992). In preparing for
negotiations, models can be used by single or dlied
parties to develop negotiation strategies podtions, and
proposals and to andyze positions proposed by others.
As ashared support system for negdiations, models can
serve a supporting role, alowing rapid evaluation of
proposal sfrom acommon technical underganding of the
sygem. Thisshared supporting rde al < can be made the
coreof anegotiati ng process, formali zing the progr ess of
negotiations. A few controlled ex peri ments have shown
these effeds to some degree (Reitsma, et al. 1996).

How is Conflict Resoltion Different?

What makes conflict resolution problems different from
other water resource problems for which computer
models have demonstrated success? In most conflict
resolution problems:
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1. System oljectives are not defined clearly. Thereisa
lack of decision-maker consensus on objectivesfor system
performance (Liebman 1976).

2. Performance measures are not gantified sufficiently to
measure progress toward an dbjective. Decision makers
often are unable to specify quantitative indicators of
preferred performance (dbjective functions) (Liebman
1976; Loucks 1990).

3. Decision-makers at the politica policy level are
unfamiliar with modds and modeling (Liebman 1976;
Gass 1984). Policy-makers also may be unused to
scientific or technical approaches to decision-making.

4. Pali cy-makers may be more comfortable and familiar
with adversarial forms of decision-making.

5. Political decision-makers are distracted by other
matters and typically have littletime to becomefamiliar
with the technical details and models important for
understanding the problem and potential solutions.

6. Themajor objectivesof mostpolitical dedsion-make's
arepredaminantly beyond the scope of the water resour ce
conflict at issue. Even if genuinely ooncerned with
solving the problem well, re-d ection, higher office, or
broader legislative objectives are likely to over shadow
sol utions to the nar rower water resources probl em. For
the political-level decision-maker, the sdution to the
water resource prablem (or deferral of slution to this
problem) isbut asmal | part of alarger and broader set of
political objectives.

Therearemany conflict resolution problemswher e water
resource systems analysis will be unable to help,
particularly in the short run. This can occur for several
reasons:

1. The temporal scale of specific pdicy dedsions and
analysis are poorly matched. By the time modding
analysisiscompleted, poli cy decisions have aready been
made. (Often theoutlines of the decision exists before a
sygems study is commissioned.) In water resources,
policy decisions typically are motivated by floods,
droughts, spills, or other episodeswhich demand political
atention (Bulkley 1990). These events and their
aftermath are typicallytoo short to conduct new analyses
from scratch. This means that the technical basi s for
policy decisions is usudly based on studies conducted
beforethe most recent episode. However, today'stoo-late

policy analysis, if well done, might be usefu when the
issue next comes round.

2. The solution to the water issue is driven by larger
ideolagical or pditical factars. Any analysis, no matter



how timely or wdl done, can be overwhdmed. The
system objectives modeled might include traditional
engineering, economic, or environmental criteria. The
real political oljectives in the short term might be
"further the applicaion of privatization (or public
control) throughout the jurisdidion” or to retain the
political support of aparticular stakeholder group (which
aready advocates a particular sdution). Such objectives
wouldbeconsideredillegitimatefar public policy analyss
conducted by government agenciesor academia, although
they might be pursual by political advisors and might
dominate some decision processes.

3. Thereisinsufficient pditical attention ar wherewithal
to act on the recommendations of a good fudy. The
attention of highleve poli cy-makersisusually distracted
by non-water resource management i ssues. Even when
dtention is available, it may be insufficient to craft
enough of a consenaus for action to betaken. Even where
sufficient political attention and consensusexigs, thee
may beinsufficient financial resources, |egal authority, or
timeunti | thenext electi on to implement theagreed-upon
solution. It is often easier to continue or table a conflict
than to address or changeit.

Asidefrom incremental effectson near-term dedsions, in
most of these cases, good analysis must stand the test of
timeto be appreciated, contributing mostly over the long
termto theresol ution of conflicts. Theinfluence of good
sysemsanalysisisoften indirect and delayed, interpreted
by middle and senior staff for use in the next "crisis."

Table 1. Taxonomy of Moddin

Modeling Approaches

A great deal has been written about particular
formulations and numerical solution methods for
multiobjective reservoir analysis problems. Relativdy
little has been written about the role of modeling for
resdving conflicts within the larger planning and
political context.

Asengineers and planners, we believe that our madeling
toolscan help in 1) bette technical understanding of the
problem, 2) deining solution objectives, 3) developing
promising alternative solutions, 4) evduating the
performance of alternaive solutions, 5) providing
technical confidence in the olution agreed upon, and 6)
perhaps provideaforum for negotiations. To beeffective,
our modeling efforts must make these contributions
within a larger, less technical, and more political
planning process How can our modeling acti vities be
most usefully organized to provide these savices within
apolitical and planning environment fraught with many
decison makers, conflict, distrust, and uneven levels of
technical under standi ng and resources?

Three settings for modd devdopment and use are
discussed below, as summarized in Table 1. These are
probably not the only ways that modeling can be used in
larger planning and policy processes. Certainly, Table 1
could admit many aher possibilities. Howeve, the
discusson here is confined to three non-exhaustive
possibilities. It appearsthat each approach islikely tobe
moreor less auitablefor different planning and political
Situations.

g Settings for Conflict Resoluti on

Number of Number of Number of
Modeling Setting Models Develpers Users
Monoalithic Development and Use 1 1 1 or many
Pluralistic Development and Use many many many
Shared Vision Modeling 1 common many and
devel gpment common
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1. Monolithic model develoment and use

Historically, compute modds for water resource
problens have been devdoped and run by a single
authoritative entity. Usually, the madel devdope and
user was (and usualy till is) asingle large agency such
a U.S. Army Carps of Engineers Didrict or Division, a
U.S Bureau of Reclamation office, a state water
management agency, or the agency in chargeof alccal
water project, such as a city water department or
irrigation district. In this approach, only one agency (or
its consultants) undertakes modeling, and usualy all
model runsare conducted by that single agency.

Having a singlemodding authority for a water resour ce
system was necessary and fairly efficient in the initial
development of theseresources Historically, modeling
expertisewasrelativelyrare and the hardware, personnel,
and data needed for modeling wee beyond the
capabilities of mog water interests. It was usualy
impossible practically to have more than a monolithic
approach to development and use of computer models.
This monolithic approach al benefited from a greater
consensus (somewhat less caonflict) regarding the
purposes of water resource systems and the agency
responsiblefor water resource develgpment had a greater
mandate to approach (and model) the probem largely as
they saw fit. Thesepractical and politicd conditions no
longer exist for most American water resource systems.
Nevertheless, we have inherited compute modds and
this monolithicingtitutiona tradition of computer model
use.

A variant on the monoli thic modeli ng setting is where a
single agreed-upon madel exists, developed by a dngle
authoritative party, butisdistri buted to each party for use.
This modding approach is commonly proposed by
academic, consulting, and agency model developers.
However, the digtributi on of such models to technically
capable parties will typical ly lead to desires to improve
the model for purposes and concerns peculiar to each
party. This can lead to new, divergent versions of the
formerly central modd andresult in diminution of central
moddingauthori ty, aslocal modeling capability deved ops
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.The monoalithic approach to development and use of
models remains applicable to many water resource
problems, where the problem definition is precise and
well-accepted, the modding agency is seen as being the
authority on the subject, and where technical resources
for modeling the problen are scarce. Examples of this
would generally include modeling urban water
distribution systems for fire flow, many cases of local
flood control, real -timesystem operation and farecaging
problems, and many cases of water demand modeling.
Most of these problems are nicely single-objective or
more narromy technical (such as real-time operations
and forecasting), and less rdated to mare conflid-prone
policy issues. In such cases, onewould hypothesize that
a dngle agency can best provide the functions of
modeling discussed above.

2. Pluralistic Mockl Developmat and Use

It has become more common for severa agencies or
interest groups to develop and use different modelsof the
same system from different perspectives, or toadapt and
use an initidly common model from different interest-
based perspedives.

For California's Central Valley, there are currently five
major models of hydrodynamics and salinity transport in
the Sacramento-San Joaquin delta. Most of these modds
were developed by three different groups (agencies,
universities, and consulting firms), and have been
adapted and used differently by about a dozen different
agencies, consulting firms, non-governmental
organizations, and universities. There are two mgor
planning modelsof the sygem, both developed initially
for project planning by large federal and state agencies.
There are also three major spreadsheet model s of the
system and several other more aggregated models,
including one model developed by an environmental
organization. Currently, at least four new systen models
are under devel opment, each by a different party. These
models are adapted and used by several dozen agencies
and consul ting firms throughout the state for different
purposes. Overall,seveal million dollars arespent each
year for modeling this region's water problems. As
detailed in Table 2, there are about two dozen modding
groupsin the state which develp or run reservoir models
for the Central Valley system



Table 2: Major Groups Modeling the Reservoir System of Californias Central Val ley

Sector Group

State

Department of Water Resources

Planning Group
Operations Group

Federal

Bureau of Reclamation

Planning Group
Operations Group
Fish and Wildlife Service

Federal-State

CALFED (State-Faleral Consartium)

Local

Contra Costa Water District

Metropolitan Wate District

East Bay Municipa Utility District
City of San Francisco

Santa Clara Valley Water District

Private Frms

Pacific Gas & Electric

Consulting Hrms

about 12 adive firms, same large, but mogly small

firms headed by PhDs

Universities

University of California

Non-Governmental

Natural Heritage Institute

The Bay Institue
Environmental Defense Fund

From the traditional perspective o having a gystan's
modeling capabilities reside in a single agency, this
pluralistic approach to modeling may seeminefficient. It
iscertainly cumbersome and expensve However, having
multiple models and modeles provides substantial
benefits for some types of problems. These benefits
include:

a. Technical checking. Having several modding groups
involved in a fairly open political conflict provides
opportuni tiesfor identi fyingt hewesk nesses of dter native
models and modd runs (as well asdata). Inaconflict
situation, each modeling group, employed by a different
basin interest or authority, can be expeded to srutinize
the results and methods employed by othe modding
groups. In California, such scrutiny hasled to dgnificant
improveaments in many modelsof thesygem.

b. Innovation. Having severa competing parties
conducting modeling gudies o controversial problems
provides some encouragement and funding for
innovations in modeing technique to be applied to the
prodem. Theinnovationsthat are likelyto develop and
risein this pluralistic setting doseem to reult in afairly
high quality of analysis, although pehaps not in
proportion to the additional resources expended.

c. Detailed representation. Having avariety of modding
groups active means that each major interest received
perhaps amore detai led and tailored representation of its
interests. Thiscan mean abetter spati a representation of
the system, to represent local stakeholders and those
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concerned with specific parts of the system, and a
representation of system perfarmance better tailored to
each stakeholder's concerns.

d. Trust in modeling. Each group having its own
modders provides an institutional setting where each
stakeholder can becomebetter acquainted with modeling
and model representationsof their systemsand objectives.
Each party adso can feel comfortable in receiving
independent technical input fromitsown people, familiar
with that party's technical and political perspective

e. Accountability. With sveal active and indegpendent
model groups, it becomes possible to provide a higher
level of campetition and criticism o spedfic important
modding efforts. Thus, the particular runs of a model
being considered for policy-making can receive ahigher
level of exteanal sautiny from peoplefamiliar with the
sygem. Thisleavesthe devel opers of thesemodds more
publicly and professionally accountable for their work.

f. Political balance of technical powe. For intensely
political and detailed conflicts, each side may require its
own technical spedalists and modelsto feel confident in
any solution or analyss and for use in adversaria
proceedings, such as court or regulatory settings. Even
wherethisisnot an advantage, it may be an unavoidable
political necessty, especialy for long-standing conflicts.

Disadvantages of pluralism in modeling for conflict
resolution also are apparent:



a. Cost and modeling resources. Pluralistic model
develgpment and use is certainly mare costly, financially
and in terms of skilled peasonnel. Maintaining a
modding group for each mgor stakeholder islikel y to be
significantly more expensive than maintaining a single
high-quality modeling group.

b. Time for coordination and use of results. With each
group having its own model or modelers, any major new
proposal must be examined by each group, and often
adapted toeach group's modd. This can require agreat
deal of time, pasonnel, and financial resourcesto provide
confidence o criticism o the proposal.

c. Digtraction. The greater attention required for local
modding and model development may distract from
cooperative efforts, either for overall system modeling or
creative aspects of solving the system's technicd and
policy problems. A significant Tower of Modeling Babel
can sometimes result, where most parties to the confli ct
do not have time or resources to understand, evaluate
develop, or utilize the wide range of innovations
available.

d. Confusion. Regulatory agendes can find conflicting
moddingresultstobe animped ment to decision-making
or the use of technical information for decision-making.

e. Additional conflict over modeling details. It is not
uncommon for modelers to disagree regarding how to
best represent aparticular systemor itsdetals, includng
input data and parameter values equation formulation,
etc. Such disagreements can create additional conflic,
particularly where stakeholde's attempt to use their
modelsin adversarial regulatary or judicial proceedings.

If the water resource prablem is truly important, we can
usually afford pluralistic madeling, and in many ways it
matches well with the prevailing plualisic and
competitivdadversarial political decidon-making system.
If the problem dready has firmly established
stakehol ders, eachwith subgtantial independent technical
expertise, thisapproach may be unavoidabl e practically.

We know little about how to effectively dructure
technical activitiesin such a highly decentralized and
political environment, except from an advesaria
perspective. In California's Central Valley and Bay-Delta
sygem, atechnical group called theBay-Delta M adeling
Forum has been adivein the last sevaal years, arranging
workshops, model review, and technical discussions to
improve the effectiveness o compute model use in
addressing this region's water resource prodems The
group's active membership consists of technical peope
from most of the major interest groups with active
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participation from consulting and academic moddersas
well.

3. Shared Vision Modeling

Shared vision modding is the common development of a
snglemodd or modeling framework by a diverse group
of stakeholders(L oucks1990; Theissenand L oucks 1992;
Palmer and Keyes 1993; Keyes and Palmer 1993, 1995;
Werick and Whipple 1994). Thefundamental concept is
that those that will be impacted by water resource
dedsions that result from the model should be provided
the oppatunity to paticipate in modd dedgn,
develgpment, and evaluation. This overly demacratic
goal istempered by recognizing that all participants can
not effedively contribute to all components o the
modding process. System operators, stakeholders, and
agencies are provided theopportunity to contribute when
their contributions ar e most appropriatein themodding
process. A goal of the modeling processisto provide al
inter ested partieswith atool tha increasesunderganding
of the conflict and the alility to evaluate potential trade-
offs. The model is typically developed by a single, often
neutral, entity with very close consultation and review by
technical representatives from each stakeholder or
stakeholder group. Themodel isintended to be appr oved
by the individual stakehddersand to function i n each of
their home offi ces, with a fixed common authoritative
model version and documentation.

A first step in the creation of shared vison models is
definingwho will usethe model and themanner in which
itwill beused. Thisstep ensuresthat essential madeling
decisions, such as the time-step, level of deail, data
needs, geographic region included, plafom and
hardware requirements, model type (prescriptive vs.
descriptive), and user interface, are in s/nc with the
intended usersanduses. Thisstepimpliatlysuggeststhe
need to develop a team o participants early in the
modeling process to ensure that the answer to these
quedions represents the interests of a wide range of
participants. Theresult of thiseffort i saclear definition
of the questions the model will answver and precisely how
well they must be answered to be useful in the particuar
decision making environment. Thisfirst step isessential
in cresting the shared vision portion of shared vison
modeling.

Next, the modeling functions and requirements are
trandated into a common model. The first intent is to
create a shared understanding and vision of the overall
system in the form of this common modd. The model
devel opment process alowsthetechnical personnel from
the different interests to wark together to develop a
higher degree of consensuson how the systemwaorks and
to identify and quantify relevant performance criteia.



Themodel development processisintended to take these
maostlytechnical decisonsout fromthepolitical spotlight,
andremove as manytechnical questionsdisagreementsas
possiblefrom the conflict. I1f onecan arrive at agreement
on what is cntained in the model, then later efforts can
focus on interpretation of the results rather than
arguments about model content. Arriving at aconsensus
about model construction is not easy, and mode
development will progress much more slowly than if
performed by a single group with a single perspective.
However, the reward d the shared modd building
process is the devdopment of a tool which can be
endorsed by all participantsasappropriatel yrepresenting
the system under study.

Once acommon visi on of thesystemisobtained (and this
is typically based upon the status quo o current
condition), themodel can beused to devd op and evaluate
alternatives. The process of developing thismodel often
is seen as a prelude to the pracess of develgping and
evduating promising olution alternativesand informed
and meaningful negotiations among stakeholders

The second intent of this approach is to create a
technically-based forum where the parties can negotiate.
These negatiations arefacilitated, onceconfidence in the
common model has been achieved. Once a "shared
vison" model hasbeen developed and agreed upon, it can
be used as abad sfor developing, evaluating, and refining
the details of management dternatives as part of a
negotiating process.

Theoverall approach isseen asan extension of classical
engineeringplanning to morepl uralistic decison-making
circumstances (Werick and Whipple 1994). Such an
approach provides a formalization of commonly
advocated collabor ative dispute-r esolution approaches in
water resources (McKinney 1990).

Two techniques have been found useful in shared vision
modeling. The first, careful prototyping, is a common
sygems engineering technique This calls for the
systematic development of a series of increasingly mare
detailed models rather than the development of asingle
model version. This process encourages a number of
desirablefeaturesove time, including the devel opment
of ‘mock’ madels that can be critiqued and improved,
incor poration of increasing model detail only when it is
shown important in decision making, and the oppartunity
to train people in the details of the system slowly over
time.
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The second technique is a demonstration of the model in
decis on making. This has been applied both i n ter ms of
‘virtual droughts’ and ‘virtual floods.” The notion isthat
the model can best be criti qued when required to support
a decision processthat isas ‘real’ aspossible. If virtual
events can be effectively staged, they will serveas clear
indicators of the model’s drengths and weaknesses in
decision support (Werick, et a. 1994).

Shared Vision Modeling, like othe consensus building
processes, requires that there be a strong motivation
among the stakehddersto develop a oonsensus. This
usually occurs only when the parties bdieve they can
achi eve adesirabl e goal through consensus building that
can otherwise na be achieved. Consensus processes
often areinitiated onl y after other approaches havefailed
and the only steps remaining are litigation. Incentives,
other than the fear of litigation, do exist hovever. The
shared vision approach requires some incentive to
collabarate among divese institutions with somewhat
conflicting interests. Often this has taken the form of
Federal financial support. Federal, state, or local moni es
may becomeavailablewhen awater resources conflict has
ecaated to the point that decison-makers see the
disadvantages of the status quo outweghing the
uncertainties of aconsensus processand authority for the
develgpment of theshared vison modd. Such incenti ves
also could be imposed judicially, perhaps through a
watemaster, or by higher regulatary authoriies. A
shared vision approach also couldarise from a consensus
of stakeholders, seking to avoid legal o regulatory
proceedings. Without signifi cant incentive to participate
activelyin ashared vis on coll aborative process, asngle
party can actively or passively delay the process,
maintaining the status quaoor allowing preparation for
other legal or pditical activities related to the conflict.

Shared vision modeli ng/ confli ct resoluti on appear sto be
more promising when applied to relati vely new or low-
intensity conflicts befare legal or political aternatives
have been considered a for higher-intensity conflicts
where agreements have been made or incentives have
been imposed tomaintain broad dedication to the process.

Favorable Circumstances and Roles for Alternative
Modeling Settings

From thisdiscussion, several hypathesesaresuggested for
when each form of modeling islikelyto predominate and
perhaps be most successful (in arelative sense). These
appear in Table 3. The potential functions of each
modding setting for confli ct resoluti on are hypothesi zed
in Table 4.



Table3: Hypahesized Circumgances Favoralde to Each Modding Seting

Modeling Setting

Favaable Circumstanes

Monoalithic Development and Use

Consensusof objectives lack of modding

resources, trugt in acentral modeling authority,
pre-existi ng authoritati ve model

Pluralistic Development and Use

Many stakeholders with modeling expertise, lack

of trust, lack of agreed oljedives or understanding
of the system

Shared Vision Madeling

Newer canflids, madest stakenolder modding

capacity, neutral model sponsor, incentive to
collabarate

Table 4: Roles o Modeling for Alternative Modding Settings

Model Role

Monolithic Development
and Use

Pluralistic Development

Shared Vision Modeling

1. Understanding
problem

For authori tati ve agency;
others accept this
understanding, perhaps
with consul tati on

Each model representsiits
own underganding

All partiesagree to same
or similar understanding

2. Define objectives

Modeling agency defines
objectives, peahaps with
input from other parties

Each party defines its own
objectives

All parties define, di scuss,
and contribute objectives

3. Developing Modeling agency Alternatives devel oped Alternatives developed in
aternatives develqps or represents separately by each party common and separately
proposed alter natives
4. Evaluate dternatives  Central evauation of Multiple independent Comman standad
proposed alter natives evaluations of alternatives evaluation of proposed
aternatives
5. Confidencein Provided by agreed From agreement of Provided by broad

solutions

modeling authority

independent models and
parties trustin their own
models

consensus m single
model

6. Negotiation aid

Modd is central auxiliary
for eva uation

Models aid partiesin
sepaately preparing and
evduating negatiating
postions

Model has central rolein
developing & evduating
common and party
aternatives
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conclusions

Conflicts in water resources typically arise more from
historical than technical problems. Our modeling efforts
arefairly good at addressing technical problems, but can
usually view most higorical conflicts only from a
technical perspective. There are many exogenous
impediments to technical modeling effortsin attaining
long-lived or substantial conflict resolutions. T hus, we
should not be too hard on oursdves if our &forts cometo
little. The median short-term results of most modding
studiesare likely to be zero.

Thelong-term resul tsof our work are harder to judge, but
aremorepromising. Goodmoddingstudies arelikely to
help establish more sound frameworks for later
improvements, when histarical circumstances may
becane morefavaable. In applying computer models to
conflict resdution, along view wil | usually benecessary.
Only when great luck and skill comhine are we likdy to
see rapid resolutions of conflict hinging on modeling
studies. Rarely, if ever, will conflicts be resolved by
modding studies aone. Despite their limitations,
modding studies are likdy tobe cost-effective compared
tomostl egal, media, or other political activitiestoresolve
conflicts.

What are some directions that our profession should take
to improve our effectiveness in understanding and
resdving water reource onflids? Here are same
thoughts.

1. If we want to be effective in resolving water resour ce
conflicts, we should take a fresh ook at our wonderful
tools from a more relevant political perspective. Game
theory is a nicely quantitative and analytica theory of
conflict situaionswhich has demonstrated considerable
insight into solving conflict problems. We should try to
make greater use o it.

2. We need to bater develop the management of our
technical tool swithin commoninstitutional contexts. We
largely know how to develop and ue models in a
monolithic agency. We have anly begun to explore
approaches appropriate in more common contemporay
situdions where many decision makers are important.
The development of cross-stakeholder technical groups,
such asthe Bay-DeltaMadeling Farum, may improve the
flow of technical information across parties while
retaining the benefits of pluralistic modeling setti ngs.
Use of the internet might help broaden the base of
monolithic model develgpment and use or aid the
communications needed for Shared Vision modeling.
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3. We should broaden our systems anal ysesto indudethe
institutional contextsof water resourceconflicts Saving
the physical problemsisusualy insufficient. We should
draw from economics political science, and law to help
us devel op and analyzealternativeinstitutional formsfor
managingwate resaurces and therol eof technical work
for theseprobems The development of institutions for
managing aconflict i slikely to be a necessary condition
for technical studies to be effective. Ingtitutions for
prodwcing effective long-term gudies and facilitating
more flexible management seem particularly desirable.

4. Alternatively, giventhedifficulty of conflict problems,
perhaps we should bette define classes of conflict
problems where modeling andysis is unlikdy to be
effective. This woud allow us to awid thes probems
and focus our efforts on prablems which had more
promise. The more difficult conflict problems might
became easier once we have improved and demonstr ated
our effectiveness with easier conflict problems.
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