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The authors present an agent-based model repres

enting a policy process among stakeholders of river

management. For evaluating the different river management alternatives, the agent-based model is
coupled to an integrated river model that describes the impacts of river management, such as flood

risk, nature development, and costs. The model
management project “Grensmaas.” The authors

is applied to the case of the ongoing Dutch river
analyze stakeholder support and reconstruct the

observed policy outcomes of the Grensmaas project over the past 15 years to provide a first validation
of the model. They then assess how stakeholder support and the policy outcome might change
when stakeholders would change their preference structures or take climate change into account.
They argue that the main virtue of the developed modeling framework lies in its application within
participatory processes, to support stakeholders to reflect on their goals and uncertainty perspectives

in a social context.

Keywords: Agent based modeling, participatory processes, stakeholders, river management

1. Introduction

environment and for other stakeholders. Moreover,
the models could be used to investigate stakeholder-

Agent-based modeling (ABM) is a promising technique far - enyironment interaction by simulating changing perspec-
interpreting actor perspectives and simulating actor behav- tjyes and behavior in response to environmental change.

ior in policy-relevant research. In particular, agent-bas
models may be incorporated into integrated assessm
(IA) modeling frameworks for a better representation @
stakeholder behavior [1], for example, in IA models of cli
mate change [2] and land-use development[3]. Such mo
frameworks may be used to explain actions of actors fro
their perspectives, expressed in terms of their goals &
beliefs, and show the implications of these actions on t
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Finally, the models could aid to investigate stakeholder-
ENlstakeholder interaction by modeling processes such as co-
f operation and competition [4]. The ABM approach is espe-

cially relevant in combination with participatory methods.
lel Stakeholders could be involved in the model design to en-
M sure that the model captures the issues of relevance and the
ndsubjective stakeholder perceptions. Furthermore, agent-
1€ based models can be used to structure participatory pro-
cesses, supporting social learning by making viewpoints
among stakeholders explicit [5].

In this article, we aim to apply the approach of ABM for
a case study of river management. We focus on the river
engineering project “Grensmaas,” which is currently on-
going in the Dutch province of Limburg. The Grensmaas
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project was initiated in 1997 to achieve three main goals [6, the ABMs with a simple cognitive representation (“simple
7]: (1) reduction of flood probability to 1/25@or inhabited agents”) and a high level of interaction and (2) the ABMs
areas, (2) the development of a minimum of 1000 ha of with more detailed agent representations (“cognitive, de-
riparian nature, and (3) the extraction of a minimum qgf liberative agents”), with a smaller focus on interaction pro-
35 million tons of gravel for national use. To this end, cesses [9]. The ABM presented in this article falls clearly
measures are planned to widen the Meuse to the north ofin the second group.
the city of Maastricht over a length of some 40 km. Th The article is organized as follows. In section 2, we
Grensmaas project affects many stakeholders with a variety present a short overview of the historic course of the Grens-
ofinterests. The main stakeholder groups of the Grensmaasmaas project. In section 3, we describe our simulation
project are the inhabitants of the region, farmers, nature model. In section 4, we analyze the Grensmaas project
organizations, and the gravel-extracting companies. It|is in retrospect. We (1) assess the perspectives of the stake-
an explicit aim of the project organization to involve thesg holder of the Grensmaas project in terms of their goals
stakeholders as much as possible in the policy process toand beliefs, (2) analyze the observed course of the Grens-
develop an integrated strategy and a broad societal intefestmaas project using the ABM to assess stakeholder support
and support. along the way, and (3) reconstruct the observed course of
The policy process of the Grensmaas project can pe the Grensmaas project to provide a first validation of the
characterized as long and complex, involving many up- ABM. In section 5, we investigate the sensitivity of model
certainties and conflicting interests. It dates back to the results to changes in the agents’ preference structures. In
early 1990s, when the first plan for riverbed widening was section 6, we assess how the policy process could change
formulated, and has continued up until the present date. if all agents would acknowledge climate change as a fact.
During this period, the river management plan was contin- In the last section, we present our conclusions.
uously adapted under the influence of changing goals and

anincreasing number of stakeholders in the policy process. 2. The Course of the Grensmaas Planning

Given the complexity of this policy process, a policy maker
may ask himself or herself the following questions. Dogs

the policy process indeed lead to sustainable and broagly
supported river management alternatives? Can the govern

mentinfluence the process toimprove stakeholder suppart
How sensitive is the process for uncertain future develo
ments such as climate change?

To address these questions, we present a coupled

agent-based model—integrated river model that repre

sents the policy process of the Grensmaas project.| A

conceptual model of this policy process can be found
in Krywkow et al. [8]. This conceptual model in-

cludes processes of stakeholder-environment interaction
stakeholder-stakeholder interaction, and belief changes

that may result from learning, cooperation, new insights,
and calamities. In the current application, we have imple-
mented a first, essential part of this model concept.
model stakeholder support and the outcome of the poli
process (a preferred river management strategy) amon
specific group of stakeholders with given goals and bge-

liefs. Modeling the different interaction processes and the

process of belief change is left for future research.

The literature reports a large number of agent-basged

applications, which are known under a variety of dif
ferent but similar names (agent-based modeling, agent
based social simulation, multiagent simulation, etc.) [9].
In this article, we interpret the termgent-based model
as any type of model containing distinct, identifiable entj-
ties (called agents) usefully characterized by some cog
tive representation [10]. Current agent-based applicatio
can be broadly organized along a continuum between

n

1. A safety level of 1/250 indicates that floods are expected to ocg
on average once every 250 years.

ur
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s
1) 3.1 Model Overview

Process

In this section, we briefly describe the course of the Grens-
maas planning process over the past 15 years. The descrip-
~tion is used in section 4 for interpretation and validation of
"the model results.

A full description of the course of the Grensmaas plan-
ning process is presented in the appendix. For this article,
it is particularly relevant to distinguish the three phases
presented in Table 1. The first phase of the project (1990-
1993) was characterized by a combination of ecological
objectives and the economic objective of gravel extraction
(a so-called win-win situation). The most influential par-
ties involved were a nature-oriented planning bureau (ba-
sically representing the interests of nature organizations)

and the government. The occurrence of floods in 1994 and
1995 brought in a second phase (1994-1998), with flood
mitigation turning into a primary objective. The planning
gerocess became more integrative in character and included
more stakeholders, particularly citizens and farmer associ-
ations. The third phase (1999-2003) was marked by the
involvement of the gravel extractors and, consequently,
much higher requirements for efficiency and profitability.
The three phases are all represented by different policy out-
_comes in the form of well-documented river management
strategies. These are the original Green for Gravel plan of
1991 [11], the Preferred Alternative of 1998 [7], and finally
the Preferred Alternative of 2003 [12].

3. The Simulation Model

The simulation model is designed to represent the situ-
ation depicted in Table 1. Starting from a given set of
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Table 1. A schematic overview of the evolution of the Grensmaas project from 1990 to 2003

Phase Objectives Stakeholders Policy Outcome
Phase 1, Green for Gravel 1991 (GFG1991)
1990-1993 * Nature development * Government o « Main channel broadening
» Gravel extraction « Nature organizations « Floodplain excavation
« Clay shield construction
« Main channel elevation
Phase 2, . Preferred Alternative of 1998 (PA1998)
1994-1998 * Flood reduction * Government « Main channel broadening
» Nature development . N_a_ture organizations « Floodplain excavation
» Gravel extraction » Citizens

« Clay shield construction

* Farmer associations « Additional nature area

Phase 3, Flood reducti G " Preferred Alternative of 2003 (PA2003)
1999-2003 Noto rij UCI'On . No:/ernmen Dat « Main channel broadening
ature developmen ature organizations « Floodplain excavation
» Gravel extraction « Citizens

¢ Clay shield construction
with lowered surface level
« Additional nature area

« Farmer associations
¢ Gravel extractors

stakeholders, the model is used to calculate stakeholderis calculated as the river management strategy with maxi-
support and the policy outcome in the form of a preferrgd mum total agent support.

river management strategy. To this end, the stakeholders

of the Grensmaas project are represented with computer

agents endowed with goals and beliefs. This agent archi- 3 2 The Integrated River Model

tecture is inspired on existing theories for social behaviar,

such as the theory of cognitive and social action [13] and The agents in our model are informed by an IRM to assess
the theory of reasoned action [14]. In our application, the the main impacts of river management options. The con-
goals of the agents are related to the various impacts|of cept of the IRM is depicted in Figure 2. The main input
river engineering. Typical impacts are flood reduction for variables are the different river engineering measures that
the inhabitants, nature development for nature organiza- together constitute a river management strategy. The main
tions, profit for the gravel-extracting companies, and so on. output variables are several long-term impacts (with a typ-
The agents are endowed with quantitative goal standardsical time horizon of~50 years) with respect to flooding,

to evaluate their goals as described later on. The beliefs| of nature, agriculture, and short-term costs and benefits (e.g.,
the agents are related to their uncertainty perspectives formonetary costs, gravel extraction, and hindrance) associ-
evaluating ariver management strategy. These perspectivesated with river engineering.

are represented as value settings for uncertain integrated The model concept was implemented for a simple cross-
river model (IRM) parameters (e.g., related to the costs section representation of the river Meuse. The modules are
and benefits calculation) and a climate change scenatfio.based on basic principles of hydrology, hydraulics, ground-
This interpretation of beliefs corresponds strongly to the water dynamics, and nature development and are partially
notion of worldview (how the world works) of Rotmans  based on existing expert modules (e.g., to assess flood and
and de Vries [15], Van Asselt and Rotmans [16], and Van agricultural damage). The model was conceptually vali-
Asselt [17]. dated with experts from the Grensmaas project organiza-

The procedure for calculating agent support and the pol- tion and partially numerically calibrated and validated with
icy outcome is illustrated in Figure 1. respect to their model results (see [18]).

For a given river management strategy, the IRMisused  Estimating the impacts of river engineering involves
to calculate impacts in relation to flooding, nature develop- a number of fundamental uncertainties. Some examples
ment, agriculture, and costs. The impact values generally are climate change for estimating peak flow probability in
differ among agents since they are endowed with different the discharge module, vegetation roughness for estimat-
uncertainty perspectives. The impact values pertaining|to ing water-level changes in the hydraulics module, and soil
each individual agent’s goals are referred to as their ggal and price parameters for estimating the monetary costs and
values. These values form the input for the agents’ support benefits within the costs module. To account for these un-
evaluations performed on the basis of their goal standargls. certainties, a model user (in our case, “the agent”) can eas-
Total support is then calculated as a function of the indi- ily adjust a predefined set of uncertain model parameters
vidual stakeholder supports. The policy outcome, finally, and choose different scenarios for climate change.
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INTEGRATED RIVER MODEL AGENT BASED MODEL
River IMPACTS GOAL AGENT TOTAL
management VALUES SUPPORT SUPPORT
strategy Flood Agent 1 Agent 1
Nature Agent 2 Agent 2 . . )
*Model Agriculture Agent 3 Agent 3 MaX|m'|zat|on
parameters - Costs ‘ ‘
«Climate ‘ ‘
scenario POLICY
‘\ /' OUTCOME
Uncertainty Goal standards
perspective AGENT
CHARACTERIZATIONS

*Goal standards
*Uncertainty perspective

Figure 1. Overview of the simulation model

| Climate Scenario ———— Discharge Flacds .
o D / Fecurrence time -+
s Hares ¥ Flood damage |
' Hydraulics e R Ao e =
\. Nature :
River management Area *
Strategy Ecosystem diversity !
Wain channel deepening ¥ / Drought damage
tain channel broadening Groundwater |[----------—cc——-———————___________ o
FI_Ddelé_airj ExCavation Agriculture
Dike building Area of expropriation
Clay shield surface Crop depression
Mature area :
| Elevation Losks !
| Land use hMonetary costs -
Uncertain model Sail Hindrance ;
parameters e Gravel extraction |
' e e e L B S R 3

Figure 2. The concept of the integrated river model
3.3 The Agent-Based Model Step 1: Assessment of the River Management

Strategy

In the following, we describe the sequential modeling steps \ne consider a set of agends each one having a set of

in the IABM as cpncisely as possibI?. In .OUT notqtio'n, goalsG,. The agents and their goals for our case study are
usebold italic print to denote sets of variables artelic displayed in Table 2. For a given river management strat-

print to denote single variables. egy, each agent applies the IRM to calculate the impacts
704 SIMULATION Volume 81, Number 10
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Table 2. Agents and associated goals for the case study of the G

rensmaas project

Gravel
Policymaker Citizen Nature Org. Farmer Extractor
1. Flood recurrence * * *
2. Nature area * *
3. Gravel extraction * *
4. Ecosystem diversity * *
5. Loss agricultural area * *
6. A groundwater level * * *
7. Hindrance * *
8. Profitability * *

of the strategy corresponding to its goals (e.g., the lev
of flood recurrence). These values are denoted “goal v
ues” (i.e., the seGV,). For calculating the goal values,
an agent passes two sets of arguments to the IRM: (1) 1
river management strate@®dMS: a set of river engineer-

el Observe that a goal satisfaction of —1 cannot be compen-

al- sated with a positive satisfaction for another goal. An “un-
acceptable” judgment is thus fundamentally different from

hea negative judgment arbitrarily close to —1, which can be
compensated.

ing parameters specifying main channel deepening, main

channel broadening, floodplain excavation, surface ele
tion of the clay shield, and additional nature area and (
its uncertainty perspectivdP,: settings for the uncertain
IRM model parameters and for a climate change scenatr
In formula form, we could (cryptically) write for the set of
goal valuesGV ,:

GV, = EVALUATE_IRM(RMS,UP,). (1)

Step 2: Individual Goal Evaluation

Each agent now determines its so-called goal satisfactid
GS, with the goal values calculated in the previous ste
To this end, each of its goal valu&/, ; is evaluated on
the basis of a goal satisfaction curve:

GS,; = GOAL_SATISFACTIONGV,,, standards;).
(2)

Goal satisfaction is expressed on a continuous scale of
to 1, representing evaluations ranging from unacceptal
(-1), to neutral (0), to full satisfaction (1). The shape of th
goal satisfaction curve is determined by parameters, call
goal standards. This is described and interpreted below|

Step 3: Agent Support

a_
2)

Step 4: Total Support

Total agent suppoHt,,, is calculated as the unweighted av-
erage of the individual agents’ supports. However, there is
"one requirement to this rule related to the power of stake-
holder agents. Some stakeholders have a much larger in-
fluence over the decision-making process than the other
parties and are considered “essential” for supporting a fi-
nal decision. (In the practice of the Grensmaas case, these
parties are the policy maker and the gravel extractor.) Those
parties must support the river management strategy (i.e.,
Sa—essenticr > Q) for the strategy to be approved. If not so,
nstotal support is set to —1. In other words,

s, = AVERAGE(S,).

10

4)

Step 5: The Policy Outcome

Finally, the optimal strategigMS,,, is obtained by varying
—“the parameterBMS within predefined ranges to find the
le ahsolute maximum s, -

e
RMS,,, = MAXIMUM (S.,.(RMS)). (5)

ed
This optimal strategy is assumed to represent the outcome
of the policy process.

The support an agent attaches to a river management strat3.4 The Goal Satisfaction Curves

egyRMS s now calculated as the unweighted average
its goal evaluation&S,. However, if one of its goal satis-
factions indicates “unacceptable” (-1), the overall evalu
tion of the river management strategy is equally consider
unacceptable, and support is set to —1. So,

S, = AVERAGE(GS,),

Of
The goal satisfaction curves of equation (2) are defined

- Dy applying different types of goal standards. We adopt
~d three possible types of curves as represented in Figure 3.
Inthe simplest possibility, an agent applies only a so-called
conditional standard3S). For such a conditional goal, the
goal satisfaction curve is a step function flipping from -1
(unacceptable) to 1 (fully satisfied) at the conditional stan-

if 3GS,, = -1 then (S, =-1).  (3)

dardCS As a second possibility, the agent only specifies

Volume 81, Number 10 SIMULATION 705
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Conditional goal

21 — — Optimisation goal
s ---¢--- Conditional+optimisation
g ! ._,.-—0-0
“(7) .—-’"P
E L
n 0 o~
= g
o f/
0} =

14—

2 | | |

cs 0s, os,
Goal value

Figure 3. Three typical goal evaluation curves that specify goal satisfaction as a function of the expected goal value. A “conditional
goal” is evaluated only on the basis of a conditional standard CS; an “optimization goal” is evaluated on the basis of the optimization
standards 0 Sp and O Sy . Agents may also specify both conditional and optimization standards.

two so-called optimization standards: an optimization zefo calculations show that the model results do not strongly
point valueOS, (the goal value for which the agent’s goa| depend on the values of such weights. Rather, the results
satisfaction is “neutral”) and an optimization high valu¢ depend on the values of the constraints posed by the con-
0S;, (the goal value for which the agent’s goal satisfaction ditional standards described abdvEhus, including these

is “high”). The goal satisfactiosS is then calculated as weights may lead to only a slight improvement of model
accuracy but goes strongly to the cost of transparency with
respect to the mentioned primary effects.

%

>

GS=1—exp(—|X]|) for GV > 0S,, and ©6)
GS = —(1—exp(—|X]|)) for GV < 0S,,

with X = (GV — 08y)/(0Sy — 0Sy). Finally, an agent 4. The Grensmaas Project in Retrospect

can choose to apply both types of standards, which leads ) ) . .
to a truncated preference curve as illustrated in Figure 3. [N this section, we apply the simulation model to analyze

The adopted preference curves are interpreted as fol-the Grensmaas project in retrospect for the period from
lows. We observe from the Grensmaas project that dei- 1990 to 2001 outlined in Table 1. We first assess the per-
sions are made first on the basis of a set of minimal requife- SPectives of the stakeholders of the Grensmaas project in
ments. This is expressed by means of the conditional stan-{€'ms of their goals and uncertainty perspectives. On the
dards. Any strategy that does not meet one of these st n-basis of these perspectives, we calculate agent support for
dards is considered unacceptable. When the requirementghe observed policy outcomes of the Grensmaas project.
are fulfilled, optimization occurs on the basis of other cr- Finally, we reconstruct the observed course of the Grens-
teria. This is expressed with the optimization standards. Maas project to provide a first validation of the ABM.

By applying optimization standards, the goal satisfactign

curve is a smoothly increasing function of the goal value 4.1 Stakeholder Perspectives

GV. Note that, with optimization standards, goal satisfac-
tion can become arbitrarily close to —1 without being unag-
ceptable. A negative satisfaction for an optimization gogal
can thus be compensated by a positive satisfaction for an-
other goal. The agent will thus seek the river management
strategy for which the set of optimization goal values pro-
vides maximum satisfaction, within the constraints posed
by the conditional standards.

It may seem natural to include goal weights in the fung-
tion for individual agent support (equation (3)) and stake-

holder weights in the function of total agent support (equa- 2. A similar argument applies in section 5.1, where model sensitivity
tion (4)). These weights are omitted, however, since actual with respect to the optimization standards is considered to be small.

The description of stakeholder perspectives is based on
a number of sources. First, interviews were carried out
with the main stakeholders of the Grensmaas project to
get a first qualitative overview of their perspectives [19].
This information was supplemented with quantitative data
from the governmental environmental assessments of the
proposed river management alternatives [7, 12] and on the
official stakeholder reactions to those assessments [20, 21].
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4.1.1 Agents and Goals

We consider the following main stakeholders/stakehold
groups: (1) parties representing the national and provi
cial government, including the project organizatio
Maaswerken; (2) citizen organizations representing the i
habitants of Borgharen; (3) the farmers organized in
regional farmer association; (4) the nature organizatio
involved; and (5) the gravel extraction industries. These 8
represented by the corresponding agents “policy make
“citizen,” “farmer,” “nature organization,” and “gravel
extractor.”

To these agents, we associate the goals shown in
ble 2. The policy maker supports all the main objectives
the Grensmaas project, including flood reduction, natu
development (i.e., nature area and ecosystem diversit
gravel extraction, and profitability. The negative side e
fects (loss of agricultural area, groundwater level decrea
and hindrance) are to be minimized [7]. The nongover
mental stakeholders hold various goals as presented
Table 2.

4.1.2 Goal Standards

The quantitative standards that the agents attach to th

self-interest (i.e., all agents except the policy maker) con-
sider their optimization high value to be their conditional
" standard as well.

The loss of agricultural area forms a special case. It is
both a goal of the policy maker and farmer, but the attached
standards are quite different. The policy maker considers
2 the goal to be inferior to the main project objectives and
'S considers it merely an optimization goal, with an optimiza-
r‘f tion zero point level of 1000 ha and an optimization refer-
" ence of 2000 ha. The farmer, on the contrary, is unwilling
to give up more land than absolutely necessary [19] and
adopts a conditional standard of 1000 ha.

e
n
h

n

ra-
of
re
y),Although the stakeholders of the Grensmaas project ac-
knowledge a number of uncertainties, there are practically
5e,no conflicting views on the interpretations of those un-
n- certainties [19]. Consequently, the stakeholder agents are
ingenerally endowed with “central” estimates for the uncer-
tain model parameters and do not consider climate change.
An exception to this rule occurs for the case of gravel ex-
traction. The calculation of the amount of extracted gravel
. depends critically on the values of the soil density and on
€I'the relative fraction of gravel in the soil. The estimated

4.1.3 Perspectives on Uncertainty

goals are displayed in Table 3. The conditional standar

for the main project objectives (goals 1-3 of Table 2) are
stated clearly by the government: a maximum flood recyr

rence of 1/256,minimally 1000 ha of new nature, and min
imally 35 million tons of extracted gravel. The citizen, na
ture organization, and farmer have adopted these stand

for their respective goals of flood reduction and nature area
[19]. Ecosystem diversity is measured by means of the
Shannon diversity index [22]. The policy maker states that

the distribution of nature “may not deviate strongly” fro
their ecological vision [7]. This is modeled by attaching

conditional standard of 0.7 to the Shannon diversity index

for both the policy maker and nature organization. Wit
respect to the goal of “profitability,” we assume that bot
the gravel extractor and policy maker adopt a standard
4%. This value corresponds to the discount rate of 4%/y
considered to be profitable by the Dutch government fi
risk-free investments [23].

The optimization standards for goals 4, 6, and 7 were
rived from the environmental impact assessment [7]. T
document contains impact assessments of five differ
river engineering alternatives. Agents selectively adopt
timations of the goal variables for the different alternativ
as goal standards. For example, we assume that the nal
organization adopts its optimization high val@s, for
ecosystem diversity from the so-called environmental
ternative, while its optimization zero point level for thi
goal variable is chosen in correspondence with the ba
alternative. We furthermore assume that agents holdin

3. The flood recurrence goal only applies for the second and thi

phases of the policy process (see Table 1). During the first phase, the issue

of flood reduction was not important at that time.

ds uncertainty ranges of these parameters are 8% and 3%,
respectively [12]. These ranges legitimate the real-life dif-
" ference in opinion between the policy maker and the gravel
extractor on the profitability issue. In the policy maker’s
view, the amount of extracted gravel is sufficient to reach
rdsys primary goals without additional expenditure. Accord-
ing to the gravel extractor, additional gravel extraction is
required to reach an acceptable level of profitability. There-
fore, the gravel extractor agent adopts a “conservative” es-
timate for the amount of extracted gravel, while the policy
maker and other agents adopt the “central” estimate.

4.2 Analyzing Support for Observed Policy
of Outcomes

ar As a first application of the simulation model, we assess
I' goal satisfactions and stakeholder support for the observed
policy outcomes of Table 1. Recall that we distinguish three
€- phases inthe planning process with different objectives and
IS stakeholders involved. The respective policy outcomes are
Ntthe river management strategies Green for Gravel of 1991
S- (GFG1991), the Preferred Alternative of 1998 (PA1998),

S and the Preferred Alternative of 2003 (PA2003). These
Ur€opserved” river management strategies are represented by
the following river engineering parameters: main channel
l- deepening, main channel broadening, floodplain excava-
. tion, surface elevation of the clay shield, and additional
IS nature area, as derived in Valkering [18] and shown in Ta-
aple 4. For calculating support for these strategies, we adopt

the stakeholder perspectives presented in section 4.1. Note
that for the assessment of the GFG1991, the policy maker,
citizen, and farmer omit their goal of flood recurrence be-

Volume 81, Number 10 SIMULATION 707
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Table 3. Conditional and optimization standards associated with different goals

Conditional Optimization Zero  Optimization High
Agent Goal Sign Standard Point Value Value
Policy maker Flood recurrence (years) Min 250 — —
Nature area (ha) Min 1000 — —
Ecosystem diversity (-) Min 0.7 0.7 1
Loss agricultural area (ha) Max — 1000 2000
A groundwater level (m) Min — 0 -0.2
Hindrance (person*years) Max — 20,000 30,000
Gravel extraction (*106 tons) Min 35 — —
Profitability (%) Min 4 — —
Citizen Flood recurrence (years) Min 250 — —
Hindrance (person*years) Max 30,000 20,000 30,000
Nature Nature area (ha) Min 1000 — —
organization
Ecosystem diversity (-) Min 0.7 0.7 1
A groundwater level (m) Min -0.2 0 -0.2
Farmer Flood recurrence (years) Min 250 — —
Loss agricultural area (ha) Max 1000 0 1000
A groundwater level (m) Min -0.2 0 -0.2
Gravel extractor Gravel extractor (*106 tons) Min — 35 70
Profitability (%) Min 4 — —

Note: The standards determine the evaluation curve that an agent uses to evaluate its goal (see Fig. 3). The “sign” indicates whether the

standard refers to minimal or maximal requirements.

Table 4. Calculated river management strategies compared to the

historically observed strategies Green for Gravel (GFG1991), the

Preferred Alternative of 1998 (PA1998), and the Preferred Alternative of 2003 (PA2003)

GFG1991 PA1998 PA2003
Observed Calculated Observed Calculated Observed Calculated
Main channel deepening (m) -1 -2 0 -2 0 0
Main channel broadening (m) 125 50 150 100 125 100
Floodplain excavation (m) 350 250 150 250 100 125
Clay shield surface (m) 0 0 0 0 2.4 4
Additional nature area (m) 0 250 200 125 300 250
Error 0.72 0.95 0.33

cause in this phase of the planning process, the issue
flood reduction was not important.

4.2.1 GFG1991

The calculated stakeholder goal satisfactions and stal
holder support for the strategy GFG1991 are shown

Figure 4a. The initiators of the plan, the policy maker an
nature organization, are indeed supportive of the strate
since their goals of gravel extraction and nature develo
ment are sufficiently met. Also, the gravel extractor, wh
was notintensively involved in the planning process, wou
have agreed with the proposed plan. The magnitude
gravel extraction is such that both of its goals of “profitabil
ity” and “gravel” (extraction volume) are fulfilled. The cit-
izen and farmer are unsupportive of the strategy. For t
citizen, the strategy fails because the hindrance levels

considered to be too high. The farmer objects primarily {

ofeffect of groundwater level decrease has been sufficiently
mitigated through the elevation of the river’'s main channel.

4.2.2 PA1998

e-After the floods of 1993 and 1995, the aspect of flood
in reduction is added as a primary objective. The proposed
d strategy PA1998 meets this objective, which is reflected
gy in a maximum goal satisfaction on the criterion “flood re-
p- currence” for all owners of this goal (see Fig. 4b). As a
o0 whole, the strategy PA1998 is more “efficient” than the
d previous GFG1991. With somewhat more riverbed broad-
of ening and a smaller emphasis on floodplain excavation,
and by omitting the measure of main channel elevation,
the main project objectives are reached with less gravel
he extraction and correspondingly smaller hindrance levels
areand consequently higher citizen support. The changes go
0 to the cost of nature and agriculture because of the antici-

the loss of agricultural land, whereas the potential negati
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Figure 4. Assessment of stakeholder support for the three historic river management strategies Green for Gravel (1991), the
Preferred Alternative (1998), and the Preferred Alternative (2003). Figures (a) through (c) show goal satisfaction of stakeholders
for each goal considered. Figure (d) summarizes the results by displaying total stakeholder support for each river management
strategy. pm = policy maker; cit = citizen; no = nature organization; farm = farmer; ge = gravel extractor. (continued on next page)

that the strategy lacks support of the gravel extractor be- tractor now observes a sufficiently high profit, which is
cause in his view, the standard for profitability is not met. displayed in Figure 4c. Due to lesser river-widening mea-
sures, the flood recurrence is smaller compared to PA1998,
4.2.3 PA2003 butthe standard of 1/250 years is still met. The compromise
with the gravel extractor does go to the cost of ecological
When the gravel extractor was included in the planning objectives. Ecosystem diversity decreases but remains at
process, the PA1998 was revised again to increase its pfof-an acceptable level. The farmer remains very unsatisfied,
itability, leading to PA2003. The solution was found by primarily due to an unacceptable loss of agricultural land.
allowing the surface level of the clay shield to be 2 to 3 me- In conclusion, we observe that the planning process can
ters below the original surface level. Hereby, more gravel be characterized as a process of compromise. With an in-
could be extracted in a more profitable fashion with smaller creasing number of stakeholders and objectives, new strate-
amounts of the by-products clay and sand. The gravel gx- gies are found that are acceptable to all. However, conces-
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Figure 4. (continued from previous page)

sions are made, which are reflected primarily in the grad
decrease of support from the nature organization along
various stages of the planning process (see Fig. 4d).

4.3 Calculating Policy Outcomes

As a second application, we compare the policy outcom
calculated with the simulation model to the correspon
ing observed policy outcomes for each policy phase

Table 1. For calculating the policy outcomes, we consid
only those goals and stakeholders involved in that phase
the planning process. Furthermore, we apply the conditi
that the policy maker and, for the last phase, the gravel
tractor are “essential” stakeholders who must have at le

ﬂ

al  The main purpose of this exercise is to provide a first
hevalidation of the ABM. To this end, we calculate a formal
model errorE,, s as the least squares difference between

5

2

i=1

1

5

RO; — RC;

RR, (7)

the five observed and calculated river management param-
s andRC;, respectively, the error is written as
-
2
br Egrus = ( ) .
of
X~ nonzero absolute values of the observed river management
iStparameterﬁio,r. For a model error of 1, the differences be-

positive support.
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eters displayed in Table 4. Denoting these param&@rs

pf

PN The reference valueBR are taken as the mean of all
tween the river management parameters roughly equal the
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reference values. Given the complexity of the policy prg
cess, this model error is considered an upper bound
an acceptable correspondence between the observed
calculated strategies. For a model ert00.5, the corre-
spondence is considered good.

The results show a good correspondence for PA20
and acceptable correspondences for GFG1991 3§
PA1998. The error between the observed and calculat
GFG1991 is related to the calculation of ecosystem dive
sity. Our model results show that the ecosystem divers
of the observed GFG1991 is significantly below its opt
mal value. So, either the calculation of ecosystem dive
sity in the river model is inaccurate or the optimizatior

The large simulation error for PA1998 is related to th
calculated profitability. The calculated profitability is suf;
ficiently high to allow main channel elevation (returning

profitable gravel to the river for mitigating groundwater
gy. Rather, the tool should be applied to explore different river

level decrease) as part of the calculated optimal strate
Inreality, however, the profitability was not considered su
ficient for main channel elevation. Again, the model errg
may be related to inaccuracy in the IRM results or to th
choice of goal standards.

Despite these difficulties, the general characteristics
the river engineering strategies are reproduced to a satisf
tory degree. The calculated GFG1991 is a nature-frieng
strategy with a large area of floodplain excavation an
main channel elevation. The calculated PA1998 is anin
grated strategy, with a mix of river engineering measur
The calculated PA2003 corresponds particularly well
the observed strategy and represents a compromise am
the different interests within the boundary conditions of
high profitability. Especially, the lowered clay shield sur
face, necessary for reaching a sufficient profitability, is w
reproduced.

To further illustrate the model results, we compare ¢
culated stakeholder supports for the observed and cal
lated river management strategies in Figure 5. Observe fi
thatin all cases, total support for the optimized strategie
higher than the support for the observed stratebielsich
is a natural and correct consequence of the adopted o

mization approach. The patterns of support between the

observed and calculated strategies generally corresp
well, which simply reflects the correspondence betwe
the calculated and optimized river management strategi

I
criterion of ecosystem diversity for GFG1991 is incorrec.
e

- agricultural area,” which falls just below the farmer’s con-

or ditional standard in the calculated PA2003 and just above

antbrthe observed PA2003. The support calculations can thus
be very sensitive to changes in river management strat-
egy due to the model formulation in terms of conditional

D3 standards.

nd So, can we consider our model to be valid? On one
edhand, we showed that the general characteristics of the
r- observed river management strategy are reproduced well.

ty On the other hand, we observe significant model errors.

These may be related, for example, to the validity of the
IRM or inaccuracy in the values of the different goal stan-
dards. Moreover, the errors may be related to the ABM
structure—for example, the assumption that the outcome
of the policy process is the river management strategy with
maximum stakeholder support. Our model must therefore
not be considered a “truth machine” that predicts policy
making for river management with considerable accuracy.

r_

management options and reflect on these as part of a partic-

r ipatory process with stakeholders. For such an application,

e we conclude that the model is a satisfying way to describe
the policy process.

of

ACs5, Sensitivity for Changing Goal Standards

ly
d In this section, we investigate the sensitivity of the model
e- results to changes in the agent’s goal standards. We focus
s. on the conditional standards since the effects of changing
o0 the optimization standards are expected to be small.
ng

5.1 Sensitivity of Support

I That the effects of changing optimization standards are

small can be seen on the basis of the following argument.
[- We consider small changes in the optimization standards
u-A0S, andAOSy pertaining to a given goal of any agent
rst A. The change in total support will then read as follows
is (see equations (3)-(5)):

ti_ _ x 1 AOSO
AS,, = S X )
= G*NA% Do, — 05,
nd AOS
: X, (8)
s. 0S4 — 05,

The most striking observation is that in some cases, the

individual agent supports differ strongly between the o
served and calculated strategy due to an “unacceptab
support evaluation in either one of the cases. The farm
for example, judges the observed PA2003 as unaccepta
while the calculated PA2003 receives approximately “ne
tral” support. According to our model results, this differ
ence arises from a slight variation in the goal value “log

4. The (often negative) evaluations of the parties not involved in th
phase of the planning process are not included for the assessment of {

- with N the number of goals of agedtand N, the num-
|e”ber of agents considered. Since the changes in optimiza-
er, tion standards are scaled with the faqtorS,, — 0 S,), the
hle corresponding change in support will generally be small.
- Evenfor large relative changes(0 Sy, — 0S,), the effec-
tive change in the total support is maximally of the order
s 1/(Ng * N,). A small change in a conditional standard,
however, may cause a sharp change in agent support of
Li the order 1 and a corresponding change of total support
otalA S, ~ 1/N,. Consequently, largest effects are expected

support.

from the change of conditional standards.
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Figure 5. A comparison between the calculated stakeholder

support for the “observed” and “calculated” river management

strategies. pm = policy maker; cit = citizen; no = nature organization; farm = farmer; ge = gravel extractor.

Next, consider the effect of changing a conditional stal
dard on the support of an agefitwith an acceptable sup-
port evaluation §, > —1) for some river management
strategy. It is a priori clear that for infinitesimal change
in one of its conditional standards, its support will remai
constant. For larger changes, a sudden drop in support
curs when the conditional standard exceeds the goal va

so that the adopted river management becomes unaccept

able. The sensitivity of support to the conditional standar

is thus best expressed as the relative differebge be-

tween the goal valu&V and the conditional standa&t.
GV -CS

ol

When the difference is small5V~CS), the conditional
standard is considered an important constraint in the poli
process.

Using this parameter, we can analyze support for a giv
river management strategy on its stability for changin
conditional goal standards. As an example, we consid
the case of the calculated PA2003. In Table 5, it is show
that for this case, the expected value of flood recurren
(633 years) is much higher than the value required by va
ious parties (250 years). This indicates that the criterion
flood recurrence is not the primary constraint for findin
an acceptable river management strategy. A much larg
constraint originates from the conditional standards “n
ture area” for the policy maker and nature organizatig

D¢ = (9)

(D¢s = 0.05) and “loss agricultural area” for the farmef

(D¢s = 0.02). Also, hindrance for the citize®y = 0.11)
and profitability for the gravel extractoD¢s = 0.17) are

n- Change of support obviously may lead to change in the
optimal strategy. This effect will be investigated in detail
in the next section.

5

n o :
bc-2-2 Sensitivity of the Policy Outcome

U€n this section, we study the sensitivity of the optimal river
management strategy PA2003 for changes in various con-
ditional goal standards. Hereby, the different conditional
standards are varied for all agents in the same way, with
the conditional standard “flood recurrence,” for example,
referring to the conditional standards of the policy maker,
citizen, and farmer. The results of the sensitivity analysis
are displayed in Figure 6. The figures show total stake-
holder suppors,,, and the model errok s with respect
cy to the observed PA2003 for the calculated optimal strate-
gies as a function of the conditional goal standard.
en  In Figure 6, one recognizes some general features. Note
g that the points marked with open squares refer to our es-
er timates of the actual conditional standards of stakeholders
n presented in Table 3. For all cases, these points lie at the
ce (often unique) minimum of the error function. This indi-
ar- cates that the estimates of the actual conditional standards
of are realistic and supports the general validity of the ABM.
0 A second feature is that total suppdtt, is always a
yjermonotonic function of the conditional standa@$, in-
a- creasing or decreasing. This can be understood as fol-
n lows.Aconditional standard may change in two directions:
(1) constraining the range of acceptable river management
strategies or (2) enlarging the acceptable range. Constrain-
ing the acceptable range can only lead to decreasing or

s

shown to be significant constraints in the policy proces
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Table 5. Sensitivity of support to changes in the conditional standards for the case of the calculated PA2003

Agent Goal CsS GV Dcs
pm Flood recurrence (years) 250 633 0.61
Nature area (ha) 102 107 0.05

Ecosystem diversity () 0.7 0.98 0.29

Gravel extraction (*10° tons) 3.7 5.6 0.34

Profitability (%) 4 13.7 0.71

cit Flood recurrence (years) 250 633 0.61
Hindrance (person*years) 30,000 27,022 0.11

no Nature area (ha) 102 107 0.05
Ecosystem diversity () 0.7 0.98 0.29

A groundwater level (m) -0.2 -0.11 0.82

farm Flood recurrence (years) 250 633 0.61
Loss agricultural area (ha) 102 100 0.02

A groundwater level (m) -0.2 -0.11 0.82

ge profitability (%) 4 4.8 0.17

Note: Sensitivity is expressed as the relative difference D¢ g between the goal value GV and the conditional standard CS.

only lead to increasing or constant support, as illustrated A further illustrative example is the case of profitability

in Figure 6. (Fig. 6h). Increasing the required profitability to 5% re-
We now consider the effect of constraining the accept- sults in the new optimum stratedy, coincidentally iden-

able range on the policy outcome. The curves indicate tical to the strategy corresponding to polt which the

ranges for which the policy outcome remains constant, gs citizen could not accept. Increasing the required profitabil-

well as gradual (linear) changes and stepwise (nonlinear) ity further to 6% leads to a gradual change in river man-

shifts. A constant range is illustrated for the case of flogd agement strategy, with somewhat less main channel eleva-

recurrence in Figure 6a. For a conditional standar@33 tion, as indicated by poin#. However, when the required
years, the optimal strategy is invariant and equal to the cal- profitability is increased further to 8%, a new step is ob-
culated PA2003, as indicated for poi#it This model be- served toward river management stratdgycharacterized

havior is easily explained from the differences between the by main channel deepening. Both the nature organization
GV andCSfor the goal of flood recurrence, displayedin Ta:  and farmer now object because of unacceptable impacts on
ble 5. In a constant range, the original optimum in suppart the groundwater level. The citizen, on the contrary, has re-
is thus unaffected by the changing conditional standand. gained its support since the expected hindrance levels have
A gradual change occurs, for example, in the case of the dropped.
nature area in Figure 6b. Here, an increas€%from the Finally, we briefly discuss the effects of enlarging the ac-
original 1000 ha to 1500 ha leads to the new optimal strat- ceptable range. A reduced profitability standard of 2%, for
egy D, which slightly deviates from the calculated PA2008 example, leads to the new optimal stratéfyr his strategy
by including more “additional nature area.” For these types is significantly different from the calculated PA2003, with
of gradual changes, the original optimisaffected by the significantly higher stakeholder support. The reduction in
changing conditional standard, but the new optimum lies the profitability standard could be obtained by providing
on the same local support maximum in river management an additional expenditure of some 10 million Euros (2%
space. on a total budget of 500 million Euros). Also, a reduction
For atypical example of a stepwise shift, we returntothe of the conditional standard for the nature area to 750 could
case of flood recurrence. When the conditional standard ¢x- lead to a different policy outcome (poi@tin Fig. 6b) with
ceeds the critical poif@S= 633 years, the optimal solution| much higher support. Enlarging the acceptable range may
shows a stepwise shift. The new optimal river management thus lead to new, strongly supported solutions. However,
strategyB strongly differs from the calculated PA2003,| the current quantitative estimates must be interpreted with
consisting primarily of broadening and main channel elg¢- care.
vation. Our model results indicate that the citizen does not ~ We conclude that the calculated policy outcome may
accept the strategB because the hindrance levels assg- show large changes for changes in conditional goal stan-
ciated with this strategy are too high. This explains why dards. Constraining the range may lead to stepwise shifts
the new optimum is so different. Since citizen support {s in optimal strategies, often accompanied by unacceptable
fixed at —1, it becomes effectively irrelevant for the opti- judgments of one or more agents. Enlarging the range, on
mization procedure. The new optimum thus represents athe other hand, may reveal new optima with significantly
significantly different situation of optimization among the higher agent support. These types of model results may
interests of the remaining stakeholders. provide new, possibly controversial, viewpoints on river
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Figure 6. Sensitivity of the policy outcome to changes in conditional standards. The figures show total stakeholder support (S;,;)
and the error (E gy s) With respect to the observed PA2003 values of the calculated optimal strategies as a function of the conditional
standards. Points marked with open squares refer to the estimated conditional standards for the Grensmaas stakeholders listed in
Table 3. For points marked with capital letters, the corresponding river management strategies are displayed in Table 6.
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management. As such, the model seems useful to expl
different river management strategies and stimulate disc
sions among stakeholders.

6. Changing Uncertainty Perspectives: The Case
of Climate Change

As a final model application, we assess how stakehold

prethat provides a framework for a “what-if” analysis. Given

Is-the goals and beliefs of stakeholders, the model calculates
stakeholder support for a river management strategy. The
outcome of the policy processis then derived as the strategy
with maximum stakeholder support. A simple model vali-
dation was performed by reconstructing the preferred river
management strategies that were documented in policy re-

er ports along three stages of the Grensmaas project. The val-

support and the policy outcome change when all agents idation showed acceptable correspondences between the

take climate change into account. Climate change is
highly uncertain development, which may cause an i
crease in discharge of 20% by the year 2050 [24]. Stak
holders are aware of this issue, and it is brought up mul
ple times, both in the stakeholder reactions [20] and in t
stakeholderinterviews [19]. In this final model experimen
increasing awareness of climate change among stakeh
ers is modeled by changing the climate change estim
as part of the agents’ uncertainty perspectives. Instead
assuming “no climate change,” all agents adopt a cent
estimate for climate change containing an increase in
erage winter discharge of 10% with respect to the curr
situation.

We first assessed stakeholder support for the calcula
PA2003 under climate change conditions (see Fig. 7
In comparison with Figure 4c (the case without climat|
change), one observes significant changes in support.
one hand, the support of the policy maker, citizen, al
farmer would drop because safety standards are no lon
met. On the other hand, the support of the nature orga
zation would increase because climate change could |
to a more diverse ecosystem distribution. Second, we ¢
culated the new optimal strategy among stakeholders
conditions of climate change. This strategy incidentally ¢
incides with strategyB in Table 6. It contains large-scale|
riverbed broadening, in combination with raising the riv
main channel. This would allow society to maintain curre
safety standards without compromising on the criteria
nature development, groundwater, agricultural area, pr

itability, and gravel extraction (see Fig. 7b). The citizen,

however, would not accept this river management strate
because the hindrance levels are too high.

The model results illustrate that current river manag
ment objectives may not be realizable in the case of ¢
mate change. A particular dilemma s reaching the requir
safety level while adhering to a maximum acceptable le
of hindrance. The model thus seems useful for reflecti
on one’s goals in light of uncertain future development

It may stimulate stakeholders to anticipate these develap

ments by reconsidering adopted goals and standards.

7. Conclusion

In this article, we have presented a coupled agent-bag
model—integrated river model for describing a policy pro
cess among stakeholders of river management. The mo
must not be considered a “truth machine” that predicts pq

a observed and calculated strategies, giving sufficient credi-
n- bility to the model results for proceeding with some model
e- experiments.

i-  The model results indicate that stakeholder support and
e the policy outcome depend strongly on the minimal re-

, quirements that stakeholders attach to their goals (the so-
Idcalled conditional goal standards). For example, increas-
teing the requirements for flood recurrence and profitability
ofcould imply new river management strategies that will be
al unacceptable for one or more stakeholders. Improvements
v- in societal support, on the other hand, may be obtained by
nt reducing the requirements for profitability (e.g., through
additional governmental expenditure) and nature area. The
edgovernment may thus influence the policy process through
). shifting its conditional standards in an appropriate way,

encouraging other stakeholders to do the same. In a further

nexperiment, we assessed how the policy process would

d change if stakeholders took climate change into account.
erAccording to our results, climate change could imply main

i- channel broadening in order to cope with increasingly high
adpeak discharges. The citizen, however, would not accept

- this river management strategy because the hindrance lev-
or els would be too high.

In the climate change experiment, we assumed that the
goals and standards derived for the current situation would
r remain the same. We know from the ABM literature that
t this assumption is not likely to hold. Cognition is likely to
f adaptin response to a changing environment and/or social
f- interactions [13]. Adaptive cognition can be incorporated

in the agent-based model by giving the agents autonomy
y for changing their goals in response to the stakeholder- en-

vironment and/or stakeholder-stakeholder interaction. The
- former may be modeled by defining a proper set of heuris-
i- tics for changes in the conditional goal standards to repre-
d sentlearning in response to environmental change. The lat-
| ter may be modeled as mutual goal adoption among agents

to represent cooperation. Modeling adaptive cognition is
5. left for future research.

The main potential of the current simulation model is
its application within participatory stakeholder processes.
It is outside the scope of this article to treat this appli-
cation in detail. As with adaptive cognition, the applica-
tion of this model approach in participatory settings is left
edfor future research. In this article, we did show that the
model is sufficiently well developed and valid for appli-
delcation in such a process to address relevant issues in a
[- realistic way. For instance, it may be used in small work-

icy making for river management. Itis rather a heuristictool ing groups to explore different river management options
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Table 6. River management strategies corresponding to the characteristic points in Figure 6

Main Channel Main Channel Floodplain Clay Shield Additional
Deepening (m) Broadening (m) Excavation (m) Surface (m) Nature Area (m)
O 0 100 125 4 250
A 0 100 125 4 250
B -2 200 125 4 125
C -1 100 125 0 0
D 0 100 125 4 500
E -2 200 0 3 250
F -1 100 250 4 125
G -2 200 125 4 125
H -2 200 125 3 125
| -2 200 125 4 125
J -2 200 125 4 125
K -2 100 250 3 125
L -2 200 125 4 125
M -1 200 125 4 125
N 1 50 125 3 375
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Figure 7. Assessment of stakeholder support given climate change conditions for (a) the originally simulated river management
strategy, the Preferred Alternative (2003), and (b) the optimum strategy given conditions of the climate change strategy.
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in relation to the different stakeholder interests and uncer- quickly responded by launching a river management plan:
tain future developments such as climate change. This maythe so-called “Delta plan Main Rivers” [27]. The Delta plan
serve to elicit stakeholder perspectives, improve commpu- contained two basic elements. First, it dictated an imme-
nication, and stimulate the development of shared problem diate construction of embankments to achieve a minimal
perceptions. A specific feature of the presented model|is safety level of roughly 1/50. These works were quickly
thatgoals and goal standards are made explicit. This, we ex-performed and finished within the year at several loca-
pect, will encourage stakeholders to reflect on their goals tions alongside the Meuse. Second, it proposed additional
in a social context and possibly reconsider adopted ggal measures of riverbed widening to achieve a safety level of
standards. This may lead to a better agreement about min-1/250 on the longer term. This strategy differed from the
imal needs and requirements for all stakeholders involved, original concept of Helmer, Overmars, and Litjens [11] by
which could be a small step toward better collaborative and including less main channel elevation to ensure the flood
sustainable river management. standard to be reached [25].

In 1997, the project organization “Maaswerken” was
set up to manage all ongoing river training projects for
the Meuse in Limburg, including the Grensmaas project.
In 1998, they published a detailed river engineering plan:
The Grensmaas project has its origins in the advisory study the Preferred Alternative of 1998 [7]. With this plan, the
“Toekomst voor een grindrivier” (future of a gravel river)| original Green for Gravel plan was further adapted on a
of 1991 [11]. Inthis study, the possibilities are investigated few accounts. The area of floodplain excavation was sig-
to combine gravel extraction with nature development in nificantly smaller, which was compensated by additional
the river Grensmaas. (“Grensmaas” is translated as “Bor- riverbed broadening. The original idea of main channel
der Meuse,” referring to the 40-kilometer stretch of the elevation was abandoned to ensure a low flood risk and
Meuse River north of the city of Maastricht that forms a high profitability. The Preferred Alternative was subject
the border between the Netherlands and Belgium.) This to stakeholder participation in the summer of 1998. Some
combination was sought, on one hand, to comply with the stakeholders expressed their worries—for example, citizen
national policy for ecological recovery in the Meuse val- groups that feared serious noise as aresult of the excavation
ley and, on the other hand, to fulfill an obligation of the works and farmers who objected to the loss of agricultural
Province of Limburg to extract 35 million tons of gravel land. But overall, the Maaswerken organization concluded
for national use. To this end, Helmer, Overmars, and Lit- that “the majority of stakeholders agree with the underly-
jens [11] developed the innovative concept of “Green for ing objectives and the approach of river widening” [20] so
Gravel”: riverbed widening in combination with ecological that the Preferred Alternative 1998 can be considered to be
rehabilitation as an ideal solution for reaching both the ecp- broadly supported by the stakeholders involved.
logical and economic objectives. The concept containsthe  This successful phase of the planning process ended
following elements: (1) riverbed widening through flood; in 1999, when the Maaswerken started negotiations with
plain excavation and main channel broadening, (2) storagethe gravel-extracting companies for the execution of the
of extracted top layer of river clay in so-called clay shields proposed river engineering works. The gravel extraction
inthe floodplain area, and (3) elevation of the main channel companies hold a powerful position since they own the
bed through restoring a fraction of the extracted gravel jn land and are therefore entitled to perform the works. With
the main riverbed. The benefits of clay storage are thrge- the argument that the proposed works were not sufficiently
fold: first, it is a cheap solution for handling the large volt profitable, the gravel extractors demanded either a payment
ume of strongly polluted river clay; second, it allows more of 100 million Euros or permission for additional gravel
and efficient gravel extraction; and finally, a clay shield extraction [28]. With an intermediate agreement for the
restrains water drainage and thereby mitigates a potentialextraction of 70 million tons of gravel (20 million tons
drop in the groundwater table. Main channel elevation j|s more than proposed in the Preferred Alternative of 1998),
equally performed to mitigate groundwater level decrease it seemed that the gravel extractors would get what they
but is very cost-ineffective. required. However, because of the expected noise pollution

Only a few years later, the Province of Limburg was and damage tothe landscape andthe natural environmentas
shocked by two floods that occurred in successive years. a result of the additional gravel extraction, this agreement
In December 1993, the Meuse flooded in the Limburg pdrt led to such a strong opposition from nature organizations,
of the river basin. An area of 18,000 ha was flooded, gf- inhabitants, farmers, and governmental parties that it was
fecting about 13,000 people and causing 115 million Eu- abandoned right away.
ros of damage [25]. In the beginning of 1995, the water  After a deadlock of several years, the Province of Lim-
levels in the Rhine and Meuse again rose to extreme lgv- burg took the initiative to bring all parties together and
els. The total material damage mounted up to 75 millign design a broadly supported plan. In only a few months,
Euros [26] and was inflicted mainly in the Province of a new river management strategy was designed in close
Limburg. After these flood events, the aspect of flood pro- collaboration with all parties involved [29]. The Preferred
tection came strongly into play. The national government Alternative of 2003 [12] was a compromise in which both

8. Appendix: The Course of the Grensmaas
Project
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the objectives of the Preferred Alternative of 1998 and th
objective of profitability were sufficiently met. This was
achieved by increasing the volume of gravel extractig
from clay shield construction, allowing the surface of th
clay shield to be 2 to 3 meters below the original surfag
level, and decreasing the area of floodplain excavation.

this way, the same amount of gravel could be extracted|in

a more profitable fashion with lesser amounts of the by-
products clay and sand.
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