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1. Introduction

Integrated environmental assessment is a booming field.
Its intellectual challenges, its relevance for real life prob-
lems, and its generous financial support have attracted many
researchers who either assess the environment in an inte-
grated manner, or purport or pretend to do so. This has led
to a wide and diverse range of research and policy activi-
ties, all sharing the nominator of integrated environmental
assessment.

This paper has a twofold objective. Firstly, it discusses
the main approaches to Integrated Environmental Assess-
ment (IEA). IEA is meant to deliver usable (scientific)
knowledge to environmental policy making. In order to
achieve its goal, IEA frequently uses an integrated assess-
ment modelling approach, but it may also use a participa-
tory approach. Modelling and participatory approaches are
sometimes considered irreconcilable, since they are differ-
ent in scope, use different kinds of methods and may even
be based on conflicting epistemologies. However, as this
paper will argue, they are increasingly recognised as mu-
tual reinforcing approaches. They need each other in order
to improve decision making on complex environmental is-
sues by identifying, using and integrating a broad body of
knowledge available from different sources. Therefore, the
second objective of this paper is to show the mutual interde-
pendence of participatory and modelling approaches in as-
sisting policy-making. It thereby gives special attention to
the various goals and functions of IEA. The contributions of
IEA to science are beyond the scope of this paper.

Section 2 defines the concept of integrated assessment
and explores its possible goals and functions in assisting
environmental policy-making. Sections 3 and 4 succinctly
provide an overview of approaches to integrated assessment.
The authors, working in both fields of IEA, have tried not
to hide the mutual differences. Especially the strengths
and weaknesses of each approach in assisting environmen-
tal policy-making are assessed. Section 3 introduces and
explains integrated assessment modelling, while section 4
focuses on participatory integrated assessment. Section 5
takes a different angle in assessing the strengths and weak-
nesses of modelling and participatory approaches. It dis-
cusses three examples of what may go wrong if either one
of the approaches stands alone. Section 6 presents conclu-

sions as regards possibilities for combining modelling and
participation in IEA.

2. What is integrated assessment?

Integrated environmental assessment is an active and
rapidly developing field. It involves scientists and decision
makers from a diversity of backgrounds and communities.
Many approaches to this complicated but promising field co-
exist.1 A number of definitions of integrated assessment are
around in the literature. Perhaps the broadest definition pos-
sible is the one used by the IPCC [123]:

Assessment is integrated when it draws on a broader set
of knowledge domains than are represented in the re-
search product of a single discipline. Assessment is dis-
tinguished from disciplinary research by its purpose: To
inform policy and decision making, rather than to ad-
vance knowledge for its intrinsic value.

Rotmans and Dowlatabadi [101] phrase it as follows:

In general, integrated assessment can be defined as an
interdisciplinary process of combining, interpreting and
communicating knowledge from diverse scientific disci-
plines in such a way that the whole cause–effect chain of
a problem can be evaluated from a synoptic perspective
with two characteristics:

(i) IAs should have added value compared to single dis-
ciplinary oriented assessment;

(ii) IAs should provide useful information to decision-
makers.

They also offer an alternative definition:

Integrated assessment is policy motivated research to de-
velop an understanding of the issue, not based on disci-
plinary boundaries, but based on boundaries defined by
the problem:

(i) to offer insights to the research community for prior-
itization of their efforts;

1 Reviews and assessments of integrated (environmental) assessment can
be found in [5,6,18,36,48,72,79,80,82,94,95,100,101,103,105,122,123].
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(ii) to offer insights to the decision-making community
on the design of their policies.

Parson [79] prefers to phrase it as:

The two defining characteristics [of integrated assess-
ment] are (a) that it seeks to provide information of use to
some significant decision-maker rather than merely ad-
vancing understanding for its own sake; and (b) that it
brings together a broader set of areas, methods, styles of
study, or degrees of certainty, than would typically char-
acterize a study of the same issue within the bounds of a
single research discipline.

In any of these definitions, “integrated” conveys a message
of multi- or interdisciplinarity, and “assessment” a message
of policy relevance. They also imply that the whole of inte-
grated assessment should be greater than the sum of the dis-
ciplinary parts and that the disciplines preferably participate
at levels commensurate to “their contribution” to identifying
and solving the problem. We use these notions as our guide.2

We take issue with the Rotmans and Dowlatabadi defi-
nitions, which presume that a clearly defined problem ex-
ists. Instead, we will argue that one of the goals of inte-
grated assessment may be to structure the problem. One
may be misled by the word “synoptic” in the first Rotmans
and Dowlatabadi definition. This is not to imply a top–down
view of policy making, but rather a broad and strategic look
at the issue (cf. also [114]).

The definitions also imply that integrated assessment can
contribute a great deal to the management of uncertainty in
two ways: It may help to establish research agendas (see
the second Rotmans and Dowlatabadi definition above) but
also to enhancing political action based on incomplete but
sufficient knowledge.3

In answering the question how integrated assessment may
contribute most to environmental policy it is important to
distinguish between specific goals and functions it may serve
in the policy process. The Social Learning Group (forth-
coming), as quoted in Toth and Hizsnyik [114], suggests the
following three goals – or, as they put it, functions – of IEA:

1. Sorting out the character, underlying causes and implica-
tions of the issue (“risk assessment”);

2. Identifying and evaluating management options (“re-
sponse assessment”); and

3. Establishing objectives and strategies to achieve these
(“goal and strategy formulation”).

The Social Learning Group explicitly states that the role of
IEA is limited in ex-ante and ex-post monitoring of the state
of the environment, in implementing policies, and in eval-
uating policies’ performances. This is because IEA takes a

2 Loosely defined as being policy-relevant, multi-disciplinary research
into complex environmental issues, IEA is nothing new. Toth and
Hisznyik [114] place IEA in its historical context.

3 It is this kind of uncertainty that Ravetz [92,93] refers to as “usable igno-
rance”, as opposed to “usable knowledge” [63].

Figure 1. Schematic presentation of a typical integrated assessment.

broad look at issues, whereas monitoring, implementation
and evaluation require a more detailed view. It is argued be-
low that multi-disciplinary tools are necessarily less detailed
(per discipline) than their disciplinary counterparts.

Figure 1 puts the functions identified by The Social
Learning Group in a somewhat different light, as it links
them to the stages that are typical for an IEA: problem identi-
fication, analysis of options, identifying goals and strategies
for action, and communication of results. The “risk assess-
ment” function corresponds a great deal to the IEA’s first
stage, identification of problem. The “response assessment”
function fits in quite nicely with the typical IEA’s second
stage, analysis of options, while “goal and strategy formula-
tion” is quite identical with what we consider the IEA’s third
stage, but it also may overlap with its fourth, the communi-
cation of results to the relevant audiences.

Obviously, a real IEA may look different from a “typi-
cal” IEA. Depending on specific information needs on the
side of the funding agency or the specific interest of the
IEA project team, its scope and focus may vary from one
of the goals as identified by The Social Learning Group
to another. For instance, with regard to climate change,
Dowlatabadi [20] focuses on defining the issue and its
boundaries; Bruce et al. [12] identify and assess policy op-
tions; Wigley et al. [125] discuss policy strategies; and
Schlumpf et al. [104] emphasize communication. Some
IEAs focus on (regional) risk assessment of climate change,
such as the Canadian Mackenzie Basin Impact Study [16]
or the study of climate change impacts in the Alpine re-
gion [13]. Other studies focus on both risk assessment and
the formulation of goals and strategies, such as the European
ULYSSES (Urban LifestYles, SuStainability and integrated
Environmental aSsessment) project. The Dutch COOL (Cli-
mate OptiOns for the Long term) project focuses on re-
sponse assessment and the identification of strategies for
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Dutch long term climate policy. In the COOL study, the
goal of long term climate policy, −80% GHG emissions by
the year 2050, is taken as a starting point and the risks and
impacts of climate change play a minor role in the assess-
ment. Other examples of IEAs focusing on response assess-
ments and strategies are the RAINS-project [47,48] and the
so-called Delft process [7], which served in support of in-
ternational negotiations on the Second Sulphur Protocol and
the Kyoto-protocol, respectively. From the diverse range of
IEA examples that are available, the IEA carried out by the
Intergovernmental Panel on Climate Change comes closest
to the four-stages IEA which is visualised in figure 1. The
IPCC has working groups reporting on the actual progress in
scientific knowledge on the climate system, climate change
impacts and response options.

Apart from the differences with respect to goals and func-
tions,4 IEAs are very much different in the way they develop
and use integrated assessment models and participatory ap-
proaches. Some IEAs are scientific modelling exercises,
aimed at integrating scientific knowledge from different (dis-
ciplinary) sources into a model. Results are communicated
to policy-makers and other potential user groups afterwards.
On the other extreme, the integration of (scientific) knowl-
edge from different sources is considered a mainly partici-
patory activity. This kind of IEA is quite similar to what is
known as Interactive Technology Assessment [45]. It is car-
ried out as an iterative dialogue between stakeholders from
the science and policy communities, but the scientific knowl-
edge discussed is not at all presented in the form of inte-
grated assessment models. Many IEAs, however, tend to
balance the two extremes of pure discussion and pure mod-
elling, with models (disciplinary, soft-linked, hard-linked or
integrated) supporting expert panels and focus groups,5 or
expert panels and focus groups supporting models.6 Inter-
action may take place by involving stakeholders but, equally
important given the complexity of many environmental is-
sues, by multidisciplinary panels of scientists, as, for in-
stance, the Intergovernmental Panel on Climate Change.

The distinctions made in goals, functions or, as in fig-
ure 1, stages of IEA are meant to support the highly difficult,
if not tricky undertaking of designing an integrated assess-
ment. At the core of the design should be a clear understand-
ing of what modellers and/or participating stakeholders can
deliver, at what stage and how. If modelling and partici-

4 Another way of distinguishing different types of IEA is provided by the
dichotomy vertical-horizontal. In a vertical integrated assessment, all as-
pects of one particular issue (such as, in the case of climate change; devel-
opment, equity, energy sector and so on) need to be taken into account. In
a horizontal integrated assessment, all aspects of a sector (e.g., energy),
system (e.g., a river basin) or region (e.g., an island) become articulated
Note that the definitions of horizontal and vertical integration are some-
times reversed. Note also that some prefer “horizontal integration” to
mean integration between scientific disciplines, and “vertical integration”
to mean integration between science and policy.

5 See, for example, Van der Sluis and Jaeger [119] and ULYSSES [23,50,
54,55,94].

6 See Hordijk [46] for a model review by an expert panel.

patory approaches are to be mutually reinforcing, this issue
should be addressed.

3. Integrated assessment modelling

Integrated environmental assessment is often done using
models. Models combine scientific theory and data in a pre-
cise and rigorous way. Models allow for many, wide-ranging
experiments with a virtual system, while we can only con-
duct one single experiment with the real system. A model’s
value is determined by its ability to realistically represent
certain features of reality.

As integrated assessment combines disciplines, inte-
grated assessment models (IAMs) consist of coupled “dis-
ciplinary” modules, or simplified forms thereof.7 The re-
spective disciplinary parts can stand alone and communi-
cate with one another through exchanges of input and output
data (soft-linked models), perhaps in a common shell (hard-
linked models). The parts can also be integrated into a sin-
gle computer code (integrated models). The latter is prefer-
able from a theoretical point of view, but may meet insur-
mountable difficulties. Differences in spatial scales, tempo-
ral scales (incl. equilibrium versus real-time models), mod-
elling concepts (optimisation versus simulation, local versus
global optimisation), data availability and quality, and ma-
turity of disciplinary modules often make coupling and in-
tegration difficult or even impossible. And then there are
practical difficulties, related to differences in hardware, soft-
ware, jargon, and so on.

There are many ways to design an integrated assessment
model. Various classifications of existing IAMs are con-
ceivable and have been proposed. A major distinction is
the way in which “policy” is brought into the IAM. IAMs
can be policy evaluation or policy optimisation tools [123].8

Policy evaluation IAMs analyse the outcomes of proposed
policy strategies.9 Policy optimisation IAMs advice de-

7 A proper simplified form contains all the essentials, but not the details of
the larger model. Simplified models are also referred to as reduced form
models, meta-models or computationally efficient models.
8 After the IPCC Second Assessment Report was written, a third type

of IAMs emerged: equilibrium models [31]. Simulation models are
recursive-dynamic models; these models calculate the future from a
given initial state and rules about the evolution of the states. Opti-
mization models are dynamic-control models; in addition to a recursive-
dynamic component, some intertemporal objective function is opti-
mized. Equilibrium models are intertemporal general equilibrium mod-
els; agents in each time period maximize their own welfare while ex-
changing goods with other agents in other time periods. Although unre-
alistic, equilibrium models are useful for thought experiments in which
the interests of different generations are explicitly treated. In their ap-
proach to policy, equilibrium models are similar to simulation models,
although aimed at more fundamental policy choices (e.g., about inter-
generational distribution of resources).

9 Examples of policy evaluation models for climate change are IMAGE1
[98], ESCAPE [102], IMAGE2 [2], AIM [73], GCAM [25] and SIAM
[35]. An example of a policy evaluation model for acidification is
RAINS [1,3,28].
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cision makers by analysing how certain goals can best10

be accomplished.11 Optimisation models thereby not only
evaluate policy strategies, but also select and judge them.
Note that optimisation can only be accomplished at the ex-
pense of a detailed representation of the system.12 Policy
optimisation models tend to place more emphasis on eco-
nomics; policy evaluation models tend to place more empha-
sis on the natural sciences. However, the division in mod-
elling approaches does not follow sharp disciplinary bound-
aries.

Another distinction between the various current inte-
grated assessment models is their treatment of uncertainty.
Some modelling teams try to capture the underlying system
as accurately as they can, resulting in very detailed mod-
els.13 In this approach, it is attempted to avoid uncertainty
by putting as much knowledge into the model as possible.
The problem with this approach is that the resulting model
is not necessarily as accurately as needed, particularly not
for complex environmental issues on large spatial and tem-
poral scales. Adding detail to a model implies an increase in
computer time to run it, the same time increasing the num-
ber of judicious choices and parameters to be analysed in
a sensitivity analysis. Other modelling teams place uncer-
tainty in the core of their endeavour,14 trying to capture the
range of possible directions in which the underlying system
may develop. All parameters are described by a probabil-
ity density function rather than a single value, variants of
the model are used to analyse uncertainty about functional
relationships between variables, and alternative models are
used to analyse uncertainty about model and problem struc-
ture. Note that uncertainty can only be properly analysed by
sacrificing the details of the model.

It appears that in both “evaluation versus optimisation”
and “best estimate versus uncertainty”, the level of detail
forms an important distinction. Because in modelling eval-
uation is a special case of optimisation, and best guess a
special case of uncertainty, optimisation under uncertainty
appears to be the proper approach to integrated assessment
modelling (that is, if one accepts that optimality can be de-
fined, and uncertainties meaningfully quantified). However,
the amount of detail sacrificed is considerable, and may ren-
der the exercise futile to decision makers.

Since there is no single-best modelling approach, inte-
grated assessment requires multiple modelling approaches –

10 Note that the definition of better and best is model-dependent. Note also
that most models take a mainstream neo-classical economic stance.

11 Examples of policy optimization models for climate change include
DICE [74–76], RICE [77], MERGE [67,68], CETA [83–88], DIAM
[33], FUND [109,111], and CSERGE [26,27,66]. An example of a pol-
icy optimization model for acidification is ASAM [4]; later versions of
RAINS are able to minimize emission reduction costs given deposition
targets [56].

12 A first attempt to build more complicated optimization models is
Janssen’s [52] OMEGA model.

13 The “kitchen sink” approach to uncertainty.
14 Examples of such models for climate change are ICAM [21], PAGE [44,

90,91] and the model of Yohe and Wallace [127]. See also [29,62,108,
116].

each with its strengths and weaknesses – to answer multiple
questions and obtain multiple insights.

This diversity of modelling approaches is needed espe-
cially when there is no consensus on what the actual problem
is, or many questions need to be answered. It does not suf-
fice, however, to have diversity of model approaches. Within
each approach, a diversity of models is desirable. This is to
enhance creativity through competitiveness, to avoid institu-
tionalised favours to the outcomes of particular models, and
to allow for the robustness of results to be analysed. Yet,
models should be comparable. A challenge for the integrated
modelling community lies in understanding what drives the
models’ outcomes and, particularly, the similarities and dif-
ferences in the outcomes for different assumptions, different
models and different modelling approaches.

Strengths and weaknesses

Formalisation of integrated assessment in a mathemati-
cal model has a number of advantages, such as: (i) inter-
nal consistency; (ii) subject to formal sensitivity, robustness
and uncertainty analyses; and (iii) transportability.15 Dis-
advantages are that: (i) only well-defined problems can be
analysed; (ii) it is hard to represent the “softer” parts of
integrated assessment (e.g., social structure, politics); and
(iii) continuous intuition checks (e.g., to prevent overextrap-
olation) are absent in a computer code.16

A particular difficulty with models is that, in most cases,
the modellers, and not their clients, determine which vari-
ables are reported and how, and which objectives are opti-
mised and how. Hence, it may happen that the modeller’s
answer does not match the decision maker’s question. This
implies that the decision maker does not necessarily get the
full answer to the question. The decision maker may also fail
to recognise the mismatch between question and answer, for
instance, because the differences between the model’s jargon
and the real world have not been made explicit.

Current IAMs suffer from a number of more tractable
problems too. We list five.

• Often, data are farther interpolated or extrapolated than
one would like to. For example, detailed knowledge
about a single tree species is used to model a mixed for-
est. Or, case studies of Egypt and Zimbabwe are used to
model the whole of Africa.

• The “softer” parts of the model are treated in a rather ad
hoc manner. For instance, models of the impact of cli-
mate change use “rules of thumb” to represent decisions

15 Some would argue that an additional advantage of mathematical for-
malization is transparency. However, transparency is a relative concept.
A mathematical model is only transparent to one with a fair understand-
ing of mathematics. Complex models are only transparent to the initiated
in that particular brand of modelling. In addition, qualitative assessments
can also be transparent, though not necessarily to a mathematician.

16 Some would argue that mathematical formalisation does not ensure
policy-relevance, a fourth disadvantage. However, policy-relevance is
not precluded either. Furthermore, qualitative assessments are not nec-
essarily more policy-relevant.
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about adaptation, such as “all densely populated land will
be protected from sea level rise” or “low income coun-
tries will not irrigate more of their agriculture”.

• A number of IAMs draw on a single set of disciplinary
studies, so that there is model proliferation but not di-
versity. For example, most integrated assessment models
adopt Nordhaus’ [74] impact estimates (see [112]). In
fact, there are only a relatively small number of (inde-
pendent) integrated models.

• Those independent models that are around are too diverse
in modelling approach to be comparable.

• Many models are intransparent. A few models are secret,
most are not fully documented, some are enormously
large, some are badly programmed, some are written in
an unfamiliar programming language, some are docu-
mented in an unfamiliar tongue.

Given the diversity of models available and the assessment
of strengths and weaknesses of integrated assessment mod-
elling, it is possible to draw some conclusions on the way
modelling can be used in the various stages of IEA:

Problem identification

– Models provide policy-makers and policy stakeholders
with information on how environmental conditions may
develop, with or without certain interventions. They help
to assess the impacts of a change in environmental con-
ditions on human life, global or national economies et
cetera. Models can also help identifying problems re-
lated to the distribution of costs and benefits.

– Since models are only capable of analysing well-struc-
tured problems, models are necessary but not sufficient
tools to identify and define the problem to be evaluated
in the IEA.

– Once the problem is identified and structured, existing
models need to be adjusted or new ones developed.

Analysis of options

– Models, especially optimisation models, provide infor-
mation on the effectiveness, efficiency, and equity of re-
sponse options. Given the specific assumptions and vari-
ables that characterise a model, analysis of options bene-
fit from the use of various models yielding different out-
comes.

Identification of goals and strategies

– Since the identification of goals and strategies to a large
extent implies a choice or ranking of values, the role of
models in this respect is limited. Given a clear set of pref-
erences, models are useful in assessing complex trade-
offs between conflicting interests.

– Models can be used or designed in order to assist in iden-
tifying acceptable levels of risk as related to expected

impacts. Models can also help to set timeframes for es-
tablished goals. An example of this is provided by the
so-called save landing analysis carried out in the Delft
process [7].

Communication of results

– Models provide a powerful tool to communicate research
results. Especially their capacity to visualise potential fu-
ture developments makes them appealing to a wider au-
dience. This is what happened with environmental issues
such as acid rain and ozone depletion.

– However, since models are often difficult to understand
for non-modellers and intransparent, they may meet with
scepticism or even suspicion. The evaluation and com-
munication of modelling results may therefore require
the involvement of stakeholder panels.

In conclusion, models play an important role in all stages of
IEA. It appears, however, that they are unfit for the identifi-
cation of complex environmental issues and policy goals and
strategies, especially if they are the only assessment tool.

4. Participatory integrated assessment

Participatory Integrated Assessment (PIA) can be consid-
ered as a form of participatory policy analysis, which aims
at supporting the policy process by designing and facilitat-
ing policy debate and argumentation [71]. A wide range of
participatory methods and techniques has been developed
within the realm of disciplines such as social psychology,
policy sciences, decision analysis and anthropology.17 Some
of these are quite old, like brainstorming [78] or decision
seminars [60], others are of more recent date, such as pol-
icy exercises [81,82], consensus conferences [53] and in-
teractive technology assessment [32]. The introduction of
participatory methods into the integrated environmental as-
sessment community is of quite recent date, which has con-
tributed to the misconception that participatory methodolo-
gies are less developed and matured than integrated assess-
ment modelling.18

Like there are many different kinds of models, there is
participation in many different forms. Mayer [71, p. 251;
70, p. 202] distinguish seven kinds of participation:

(1) Information/education. The primary function of stake-
holder involvement is to make them aware of scientific
findings and to explore the usability of the information
offered.

(2) Consultation. Stakeholders are asked what they know
about the problem and what should be done about it.

17 See for an overview [70,124].
18 One other explanation for this misconception may relate to the fact that

many of those working in participatory environmental assessment have
made the step into this field quite recently and sometimes lack a training
in the social sciences.
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(3) The anticipation of future developments, often used in
IEA. Forecasting and backcasting are methodologies
that fit in with this approach.

(4) Mediation. Here, the question is: What do participants
know about mutual values? What level of consensus can
they reach?

(5) Co-ordination addresses questions such as: What in-
terdisciplinary knowledge should participants generate?
What is the relation with other policy issues or sectors?

(6) Co-production, a concept introduced by Susskind and
Elliot (1983) relates to joint problem solving. The main
question is: What shared responsibility can participants
achieve?

(7) Learning. This kind of participatory activity enhances
a change in core knowledge and attitudes. Participants
are asked to explore new styles and strategies for policy-
making.

The above participatory activities are ranked on a scale,
which ranges from a lower to a higher level of actual par-
ticipation. In PIA, stakeholder involvement, debate and ar-
gumentation are matters of degree. The approach chosen in
a specific situation, may depend on factors such as the focus
of the project and its specific information needs. However,
in order to better understand the way participatory projects
are carried out in practice, it is worthwhile to briefly examine
their underlying assumptions.

Two approaches to PIA19

The huge diversity of methods and techniques that are
used in PIA basically reflect two main approaches to partic-
ipation, which both focus on knowledge dissemination and
use in support of policy development. For reasons explained
below, these approaches are labelled the cognitive approach
and the argumentative approach.

The cognitive approach departs from the observation that
policy-makers, because of their daily concerns, are not al-
ways open for information on complex issues. Preoccupied
with the short term, they tend to neglect the long term. Es-
pecially in situations of high risk and pressure, they tend to
narrow down their scope to their immediate network. This
may lead to miscalculations of the problem situation and
wrong decisions. The goal of a PIA exercise is to widen
policy-makers’ scope, or, to put it in jargon: to change their
“cognitive map”. This is basically done by creating distance
between the policy makers and the policy issue, which can
be accomplished by means of a role game and/or by moving
the decision-problem to another country or a future situation.
Distance is assumed to contribute to an atmosphere, in which
policy-makers become able to consider new information and
creatively think about new options. Gaming and simulation
exercises provide tools for policy support. In this view on

19 This section is based on Berk et al. [8].

participatory assessment, originally developed in the mili-
tary and for the training and design of complex systems such
as nuclear power plants and aircraft, distance between the
participant and the subject matter is essential, as Parson ex-
plains:

These methods involve displacing participants from their
real and immediate tasks, roles, identities and decision
contexts. They pose decision situations that are future,
or counter factual, to move participants outside their nor-
mal habits and positions, and encourage creative thinking,
new ideas, and insights [80, p. 12].

The cognitive approach can also be recognised as under-
lying methodologies for future research, such as Delphi in
its original form [64,65] and backcasting [22]. It should be
noticed that, in the most extreme but not unrealistic case,
participants in a PIA exercise may not at all enter into a dis-
cussion with one another. Some kinds of participatory activi-
ties, especially communication and consultation, do not nec-
essarily require any stakeholder interaction; they may just
respond to the information presented to them. Many tech-
niques used in other kinds of participatory activities, too,
are designed to prevent or restrict debate and argumentation.
The underlying justification is that debate and argumenta-
tion might prevent the discussants from taking distance from
the here and now and, hence, constitute a barrier to open-
mindedness and creativity. Of course, methodologies and
techniques like Delphi and backcasting can also be applied
differently, depending on the design of the project.

The argumentative approach starts with the observation
that stakeholders from the policy and science communities
are unlikely to improve their understanding of a complex
problem situation, if they are provided with (new) factual
knowledge. This is explained by the observation that igno-
rance does not primarily follow from a lack of information
but from a lack of understanding of the conflicting assump-
tions underlying diverging viewpoints. Stakeholders may
not only be unaware of each other’s assumptions, they may
be unaware of their own assumptions as well. PIA therefore
aims at increasing an understanding of ones own and others’
assumptions, some of which may look trivial at the begin-
ning of the process but may turn out to be quite essential for
a specific viewpoint in the end.

Stakeholder dialogue is a form of problem structuring,
i.e., the identification, confrontation, and – where possible
– integration of the most divergent views with respect to a
given problem situation [37,39,40].20 Problem structuring is
meant to avoid that the “wrong” problem is being addressed
by policy. Therefore, debate as regards the structure of the
problem is as much about what the problem is or should be
as about what it is not. A typical example is the question as
to whether addressing traffic congestion will help to address
climate change. This question can be partly addressed by

20 A problem is normally defined as a gap between a standard, value or
goal and an existing situation. Problems are socially and politically con-
structed. This is far from saying that they do not really exist, but refers
to the notion that facts and values are not similar to all observing them.
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providing stakeholders with information about technology
that leads to zero emission cars. But this may not convince
an audience which tends to put the climate change issue into
a wider perspective of sustainability than just addressing is-
sues of technology. Therefore, the core beliefs, which may
relate to feelings and emotions rather than to straightforward
facts, have to be addressed as well. Structuring an un- or ill-
structured problem, global climate change being a typical
example, is the kind of participatory activity which aims at
learning.

Learning, as Thissen and Twaalfhoven phrase it, can be
considered as “breaking through cognitive fixations” [107].
Learning by debate and argumentation implies that stake-
holders must be addressed as the persons they really are, that
is in the here and now. Creating distance would constitute
a barrier for the surfacing or eliciting of their assumptions.
Methods for problem structuring, like assumptional analy-
sis [69] and the Devil’s Advocate approach [106] have in
common “that conflict, if properly introduced and managed,
can improve the quality of decisions” [106, p. 153], quoted
in [61].21 Conflict may highlight the pros and cons of differ-
ent options and the underlying argumentative structure.

To wrap up, there are many participatory approaches that
underlie different visions about how participation may con-
tribute to a successful integrated assessment. PIA as an ap-
proach to integrated assessment may not be confused with
increasing democracy and is not exclusively rooted in the
theory of participatory democracy.22 The cognitive and ar-
gumentative approach, as they are labelled here, seem to
most comprehensively reflect the different notions that un-
derlie participatory activities. In practice, PIAs may to some
extent balance between both views. Backcasting, for exam-
ple, starts by putting the participants in a situation distant
from the here and now but will end up with investigating the
consequences of the long term assessment for present policy
making. PIAs may especially differ as regards the following
characteristics:

Participants

The identification and selection of stakeholders is a cru-
cial and time-consuming activity. If the project aims at
exploring the various aspects of a complex, unstructured,
issue, then participants should constitute a heterogeneous
group representing the whole range of (potentially) conflict-
ing views.23 If the project aims at communicating a scien-

21 Apart from methods to be used in stakeholder dialogue there are many
methods that policy analysts can use for reconstructing policy argument.
We refer to Hoogerwerf [43], Van de Graaf and Hoppe [117], Dunn [24]
and Leeuw [61] for overviews of different methods.

22 Berk et al. [8] argue that the cognitive approach to PIA has its roots
in democratic theories that argue against public participation in public
policy.

23 Note that the verb “represent” is a problematic one. The more partici-
pants act as representatives of an organisation or group, the more diffi-
cult it may be to enhance creativity and learning. The more stakeholders
engage in learning, the more difficult it may be to commit their organi-
sations to results afterwards.

tific model to a group of potential users, heterogeneity will
be not that important [7].

Process

The design of the process must be dependent on what the
project is supposed to deliver. Processes can be more or less
interactive and more or less consensus-oriented. Learning
does not necessarily lead to consensus.24 It is often more
satisfying to work towards the structuring of a diversity of
views than towards unanimity as related to goals and strate-
gies.

Role of scientists

Participation has a two-way critical function, as the in-
teractive identification and evaluation of policy options re-
quires a critical evaluation of the available knowledge, and,
vice versa, the identification of a policy relevant research
agenda cannot avoid a critical examination of policy op-
tions and associated research needs.25 PIA may thus in-
clude scientists or may even be restricted to scientists in the
form of expert panels.26 Experts can contribute by provid-
ing information, but the stakeholder dialogue may also op-
erate as an “extended peer review”, which critically analy-
ses and evaluates the assumptions that underlie scientific
findings and models [30]. Furthermore, stakeholders may
bring their practical knowledge to the fore in order to bal-
ance the – in their eyes – unrealistic picture put forward by
science. Scientists and laypersons may dismiss each others’
opinions, as witnessed by the government review of the Sec-
ond Assessment Report of Working Group III of the IPCC
(cf. [110]).

Strength and weaknesses

The major strengths of PIA appear to be the following:
First, PIA is able to highlight and analyse different views,
especially with respect to a certain problem. For obvious
reasons, models lack that ability. Secondly, PIA can initiate
learning, resulting in new insights for policy that could not
have been obtained otherwise. Thirdly, PIA may increase
stakeholder involvement and commitment to joint problem
solving.

PIA’s major weakness seems to be that participatory ac-
tivities meet with a lot of difficulties and are time consuming.
There are always difficulties caused by external factors that
cannot be influenced by the project team. But difficulties
also relate to the design and execution of the project itself.
A critical weakness is that PIA tends to produce incidental
results. A replication of a PIA with other stakeholders may

24 It seems as if stakeholder groups show a “natural” tendency to reach
consensus at the expense of clarity and understanding. If consensus turns
out to be artificial, the PIA project may have failed.

25 See, for example, [7,9,10,41,57,121].
26 Examples of this approach include the MINK [96], and [115] studies, on

the impacts of climate change on one region.
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yield completely different outcomes. It is also far from cer-
tain whether participants are committed to the views, ideas
and options generated in the assessment. In short, participa-
tory approaches often lack the reliability that is necessary in
order to be useful for policy-making [42]. So far, it is un-
certain whether this is an inherent shortcoming of PIA, or a
shortcoming of most of its applications to date.27

A possible weakness, from the perspective of scientific
experts, is conservatism: Suppose that the King of Spain
in 1490 had established a focus group in order to find out
whether to subsidise the expedition of Columbus. This pro-
posal may well have been evaluated as silly and rejected,
because the lay population at that time believed the earth is
flat. Stakeholders may formulate their own criteria for evalu-
ating the usability of science, one cannot know whether they
may hinder what experts consider as progress, or stimulate
what scientists think unnecessary.

Given the diversity of participatory approaches and the
assessment of their strengths and weaknesses, it is now pos-
sible to draw some conclusions on the way participation can
be used in the various stages of IEA:

Problem identification
– PIA is particularly suitable for problem structuring, espe-

cially those PIA approaches that aim at debate and argu-
mentation.

– PIA may evaluate scientific analyses with respect to the
problem.

Analysis of options
– There are many participatory techniques for the iden-

tification and evaluation of policy options. However,
whereas models will focus on the evaluation of effec-
tiveness of options and their costs, participation is more
suited for evaluating implementation trajectories.

Identification of goals and strategies
– Participatory activities are indispensable for identifying

goals and strategies in an IEA.

Communication of results
– PIA can be used to communicate science to policy stake-

holders and to evaluate elements of scientific quality, es-
pecially the conditions under which specific science find-
ings are valid.

27 Policy analysts think differently about the question as to whether partici-
patory methods can be evaluated according to standards applied to other
social science methods, including validity and reliability. On the one
hand, Thissen and Twaalfhoven [107] state that, since social problems
are constructed, participatory assessments cannot be evaluated with re-
spect to content. The underlying assumption here is that there may be an
infinite number of stakeholder views that can never be fully taken into
account in an assessment. On the other hand, Dunn [24] argues that the
range of stakeholder views can be determined within reasonable limits.

5. The need for a combined approach

This section presents three case examples, each of which
illustrates from a different angle the need for a combined
approach in integrated assessment. The first example high-
lights the need for stakeholder involvement in order to struc-
ture and restructure the problem to assist ongoing research
for policy on acidification and eutrophication. The second
example illustrates the need for a combined approach in re-
sponse assessment: Scientific analysis of the potential for
emission reduction options in the case of climate may turn
into a fairy tale, if it is not accompanied by a participatory
assessment of the potential for implementation. The third
example, the outcomes of the big Dutch National Debate
on future air transport, highlights some of the basic require-
ments for a combined modelling and participatory approach.

5.1. Acidification and eutrophication

Acidification and eutrophication are problems resulting
from a significant human intervention in the nitrogen cycle.
Additional nitrogen is introduced in the environment as a
byproduct of burning fossil fuels and as a waste product of
food production and consumption by a growing population
of animals and people.

The effects of the emissions of NOx and NH3 into the
atmosphere and nitrogen into the water system are: degrada-
tion of trees and plants through air and soils (acidification),
and overfeeding of water systems (eutrophication).

The overall result of the human intervention in the nitro-
gen cycle is more food and energy than would otherwise be
available on the one hand and a degradation of the quality
of water, air, soils and nature on the other hand. The latter
results into a reduction of societal benefits such as the avail-
ability of drinking water, agricultural production, recreation,
human health and cultural heritage.

The Netherlands government initiated environmental poli-
cies to reduce the negative impact of acidification and eu-
trophication in the course of the eighties. These policies
were based on scenario analysis of (future) input of nitro-
gen and other emissions such as sulphur and phosphates into
the environment and modelling analyses of the environmen-
tal effects to be expected. The scenario analysis and the ef-
fects modelling was carried out by governmental labs and
governmental research institutes such as RIVM and RIZA.
The results of the studies were translated directly into long
term targets for acceptable emission levels (for the years
2000 and 2010) and shorter term targets in combination with
short term implementation policies and measures. The pub-
lic and the parliament, triggered by the catastrophic futures
projected by the governmental institutes was eager to sup-
port far reaching measures.

In retrospect one may conclude that this rather direct and
reactive way of policy making (trying to avoid a catastrophe)
has been partially successful. The emissions of NOx from
stationary sources such as power plants and refineries have
drastically reduced. Emission reduction by the transport sec-
tor was only partially successful, as the emission reduction
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per vehicle was compensated by the increasing number of
vehicles. Emission reduction of NH3 and nitrogen from the
agricultural sector was unsuccessful as end of pipe measures
were hardly available and a volume approach was politically
not accepted by the sector.

The quality of air and water has improved over the last
15 years, be it less than desirable. The Netherlands inland
and coastal waters continue to be degraded by eutrophica-
tion, the problem is in fact increasing for a large number
of lakes. The input of nitrogen in the water system is still
5 times as high as it would be under pre-industrial condi-
tions. Also atmospheric deposition of nitrogen is still high:
in the order of 50 kg per hectare per year. This amount of
the same order of magnitude as the fertiliser put on the agri-
cultural land by farmers in the 1950’s.

Improvement of environmental quality will require a fur-
ther reduction of NOx emissions from the transport sector
and a significant reduction of NH3 and nitrogen input into
the environment by the agricultural sector. Already ear-
lier far reaching emission targets have been established and
some policy measures have been introduced. The success of
the policy measures however has been limited. Mainly be-
cause of the short comings in the analyses of the problem
(diffuse sources are more difficult to control than stationary
sources and require different policy instruments) and related
policy failures. Another problem is the international dimen-
sions of the problem. A major part of the nitrogen effect-
ing the environment and ecosystems in the Netherlands is
emitted in neighbouring countries. The NH3 and livestock
related problem however is mainly a national problem.

A typical feature of the reactive environmental policies
developed in the eighties is the predominance of natural sci-
ences analyses and end of pipe solutions. This approach
was successful when stationary sources were predominant.
However in the early nineties it became very clear that the
traditional approach would not be adequate for the diffuse
sources.

It became also clear that economic policies were having
the opposite effect of what environmental policies were try-
ing to achieve. Agricultural subsidies and other incentives
continue to enhance production and export of agricultural
products. Simultaneously governmental economic policies
are boosting transport through promoting the role of the
Netherlands as international distributor and through invest-
ments in the mainports Rotterdam Harbour and Amsterdam
Airport.

Another reason why eutrophication and acidification poli-
cies stagnated in the course of the nineties is the decrease of
public support for these policies. The public noticed that
the catastrophic predictions did not materialise. The forests
and the water systems did not collapse. Moreover the public
and the press demonstrated some kind of backlash after the
heavy period of environmental debates and policy making in
the late eighties, early nineties.

The question we want to ask is the following. Why does
it take so long for environmental analysis and environmental
policy making to adjust to a changing situation? We believe

that the system of environmental analysis and environmen-
tal policy making that was successful in the late eighties has
been carried on in the nineties, without adjusting to changes
in the nature of the problem and it’s potential solutions. Eco-
nomic analysis should have been used much earlier, to in-
crease the understanding of the cost and environmental and
societal benefits of emission control. A painful example is
the lack of cost benefit analysis in the development of ni-
trogen policies for the river basins around the North Sea.
A 50% reduction of nitrogen entering the North Sea was in-
ternationally agreed, without an analysis of cost and soci-
etal implications at the level of farmers, sectors and national
economies. Even more troublesome is the lack of knowl-
edge about the improvement of the environment resulting
from such an emission reduction.

Governmental experts and the governmental research in-
stitutes that were so successful in developing environmental
policies in the late eighties, were well aware of the short-
comings in eutrophication and acidification policies at the
start of the nineties. Still they did not act accordingly. Even
in the late nineties economic analysis is weak and policy ap-
proaches to deal with diffuse sources are scarce. One may
conclude that in times of deregulation, liberalisation and par-
ticipatory policy development the system of environmental
policy making needs to be adjusted. Environmental analy-
sis solely by governmental labs and governmental research
institutes feeding directly into the governmental policy mak-
ing process may not be adequate. A more open process with
outside peer review, including the early involvement of stake
holders and relevant disciplines would have helped to re-
structure the problem and to mobilize the relevant knowl-
edge basis.

5.2. Estimating the costs of greenhouse gas emission
reduction

Having “committed” itself to the Kyoto Protocol,28 the
Government of the Netherlands, particularly its Ministry
of Public Housing, Spatial Planning, and Environment
(VROM), sought advice how to achieve the target emission
reduction29 and what it may cost, as input to the white paper
Implementation of Climate Policy.30 We discuss the diffi-
culties the ministry’s research and advisory bodies had to
deliver meaningful information.

The process was rather straightforward. ECN and RIVM,
both governmental research institutes with a strong expertise
in the field, were to prepare a technical background report,
the so-called options document. The VROM-Raad, a council

28 The text of the “administration agreement” – the deal between the three
coalition partners in the government – conditions this commitment, inter
alia, on ratification by the USA and an EU-wide carbon tax.

29 The greenhouse gas emissions in the years 2008–2012 should be at 94%
of their 1990 levels.

30 Of course, instruments and costs were discussed before entering the in-
ternational and EU negotiations.
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of the Ministry of Environment, would, based on the options
document, advice the government what to do.31

Although simple, this process is strange. Given the high
stakes, one would expect a wider participation, including the
ministries of Finance, Economic Affairs, Transport, Nature
and Agriculture, and Foreign Affairs, and their research and
advisory bodies. After all, these ministries have the instru-
ments at hand to reduce greenhouse gas emissions. The
VROM-Raad was indeed requested to seek input. Judg-
ing the presented material as inadequate, the Algemene En-
ergieraad (the Energy Council) refused this, instead advis-
ing the Ministry of Economic Affairs directly.32 The Raad
voor Verkeer en Waterstaat (Council for Transport and Wa-
ter Management) and the Raad voor het Landelijk Gebied
(Council for the Countryside) did advice, but were only pre-
pared to talk about the long run, after 2012.

The options document was dutifully prepared by ECN
and RIVM. It contains long lists of technical measures (in-
cluding some changes in behaviour) to save energy, switch
to less carbon-intensive energy-carriers, or otherwise reduce
emissions of the greenhouse gases covered by the Kyoto Pro-
tocol. The options document also indicates the costs per
measure, and touches upon policy instruments and barriers
to implementation.

The reaction of the VROM-Raad to this document was
vehement. The following is a summary to their reaction, in
our words. The options document reflects the viewpoint of a
naïve engineer. The calculated costs are inadequate, reflect-
ing private costs only partially, and lacking social costs al-
together. The options document suggests a detailed system
of command-and-control measures to regulate the relevant
sectors. The discussion of potential barriers is rather thin.

In its advice to the government, the VROM-Raad decided
to correct the shortcomings of the options document. In our
opinion, it overreacted a bit. The advice of the VROM-Raad
reflects the viewpoint of a naïve economist. It describes how
one should implement a greenhouse gas emission reduction
policy in the wonderful world of theoretical economics. It
unfortunately overlooks the realities of international nego-
tiations, EU-policies, and national politics. An example is
the plea of the VROM-Raad for tradable emission permits,
instead of the command-and-control measures suggested by
the options document. The VROM-Raad backtracks its plea,
by stating that tradable emission permits are only desirable
if the permits can be traded internationally. However, many
of the VROM-Raad members believe that an international
market for greenhouse gas emission permits is unlikely to
emerge in the near future.

The government was thus saddled with two reports, both
of which are technically/scientifically sound, but which fall
short to the problem at hand, namely the implementation of
greenhouse gas emission reduction policy so as to meet the
Kyoto target. How could this have been avoided?

31 Usually, the VROM-Raad is asked to react to government standpoints.
In this case, it got involved in policy preparation.

32 In this advice, the Algemene Energieraad shared the reservations of the
VROM-Raad about the options document, see below.

It is clear that both the options document and the advice
of the VROM-Raad lack the necessary reality check and a
focus on daily policy making. The first problem was the
lack of balance in both teams of experts. This should be
avoided in future assessments. The assessment would im-
prove by a wider consultation and review process. The latter
solution may appear unnecessarily elaborate. However, in a
consensus-driven society such as The Netherlands, it is im-
portant that stakeholders “own” the information that is put
into the policy making/bargaining process. And, it is of ut-
most importance that a pervasive and long-term issue such
as climate change is carried from the bottom up. The entire
exercise illustrates the lack of reality checks regarding im-
plementation. A stake holder (participatory) approach would
have generated more useful advice to the government.

5.3. The future of air traffic

The ongoing political conflict related to the future posi-
tion of Amsterdam International Airport Schiphol provides
an example of an attempt to involve stakeholders from envi-
ronmental and other interest groups as well as a wider pub-
lic in the development of political decision-making on an
intractable issue. The Dutch Government found itself in an
uneasy position. The conflicting viewpoints were reflected
in the cabinet. Still, the cabinet wanted to make a strate-
gic decision related to the future of the Schiphol airport.
It followed the advice of the WRR (Scientific Council for
Government Policy), which had recommended involving so-
ciety at large in an earlier stage of decision-making on big
infrastructure projects. According to the WRR, an early in-
volvement is likely to contribute to the acceptance of deci-
sions that would facilitate implementation in a later stage.
Therefore, in 1997, the Inter-ministerial project TNLI (Fu-
ture Dutch Air Infrastructure) organised a four months de-
bate with about 100 participants and a huge number of other
activities including research in order to assist government
decision making on long term air traffic policy. This debate
had all characteristics of a participatory integrated environ-
mental assessment.

The question was broadly formulated: How much space
does The Netherlands want to make available for the future
development of air traffic? The background of this question
was whether it is useful and necessary for The Netherlands
to facilitate a future growth of this economic sector?33 It
is claimed Schiphol should gain and maintain the position
of a mainport, aiming to be one to the largest airports in
Northwestern Europe. According to economic studies, such
a mainport will increase the number of jobs in the Amster-
dam area considerably, as it is expected to attract companies
to settle in the area. Air traffic should be allowed to grow
and environmental standards should not inhibit its competi-
tiveness. If environmental conditions would restrict the po-

33 See “Hoeveel ruimte geeft Nederland aan de Luchtvaart? Integrale belei-
dsvisie over de toekomst van de luchtvaart in Nederland” en “De Di-
aloog. Verslag van de Nut en Noodzaak discussie”, Den Haag, Ministry
for Transport and Water Management (1997).
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tential of Schiphol at its present site, a new site should be
considered, either in the Flevoland polder or on an island to
be created in the North Sea.

Opponents to this view put forward arguments which
mainly relate to environmental impacts of air traffic: Air
traffic causes air pollution, contributes to climate change and
produces nuisance for surrounding areas, especially noise,
stress, traffic congestion and, according to many opponents,
risks for safety and health. The alternative is to shift, where
possible, to other modes of transport such as rail and ship-
ping. According to the opponents, travelling within Europe
should be enabled by a network of high speed trains. The
economic prospects of a growing airport are questioned as
the environmental costs are not (yet) taken into account (e.g.,
the lack of taxes on aircraft fuels).

The project succeeded in making an inventory of many
viewpoints. The dialogue came up with recommendations
for government, but also research questions to be addressed
in the near future. The main conclusion that can be drawn
from the project is that the outcomes were not really surpris-
ing. Despite a good atmosphere among the dialogue part-
ners, the project had not been able to produce new and cre-
ative insights.34 The debate did not by any means change the
shape and structure of the present conflict, it rather reflects
the current positions as they are.35 Furthermore, in spite of
quite some initiatives, the attentive public showed little in-
terest in participation.

This is not the place to make a detailed analysis of this
process.36 However, from the perspective of participatory
analysis, it is possible to make some observations on why
this happened.

1. Four months to discuss such a huge issue including the
many research reports that were on the table is a ridicu-
lous schedule. It takes Dutch governments four years or
longer to address the issues related to air traffic. The fact
that more than one year of preparation preceded the dis-
cussion does not mitigate this criticism.

2. The limitation of the debate to the future situation cre-
ates a serious obstacle for persons to participate, ex-
cept for those who pretend to know what the future will
bring. Present experiences by people living in the wider
Schiphol area – either in favour or opposed to future
expansion – could not systematically be taken into ac-
count. Instead, technological and economic optimism
about future developments set the margins for the discus-
sion. This may explain why members of the general pub-
lic did not participate. People like to discuss issues they
can relate to, they tend to leave other issues to experts.

34 See the conclusions of the project supervisory committee (Begeleid-
ingscommissie) in “Integrale beleidsvisie”, p. 68.

35 See also Peterse and Hoppe [89]: In the Schiphol debate two coalitions
are dominant, a hierarchist-individualist one and one based on egalitar-
ian principles. A coalition which unifies egalitarian and individualist
elements lacks.

36 But see [120].

3. There has been no systematic interaction between the dis-
cussants and the researchers, especially on the critical as-
sumptions, which underlie the rosy economic scenarios.
There has been a discussion on economic impacts, in-
deed. But this discussion took on the form of a mediation
resulting in a fuzzy compromise between the opposing
views. This compromise is reported as follows: “The
parties agree that an important international airport can
contribute significantly to the economic development of
our country. At the same time, they reject the self ev-
idence of doom scenarios if the economic growth will
be no longer facilitated.”37 Next to the huge amount of
taken for granted extrapolations by RAND and others,
there were some critical economic studies.38 But there
was no assessment of either of these studies by the policy
stakeholders, nor was there a parallel scientific panel.

In conclusion, we like to stress three major conditions to
make a combined IEA a success: Firstly, we recommend
a combined modelling and participatory Integrated Assess-
ment approach in which there is sufficient time for project
design, preparations and execution. Secondly, if policy
stakeholders or members of the general public are supposed
to participate, the subject matter for discussion should be
phrased in a way these people can relate to. Thirdly, scien-
tific uncertainty should be explicitly dealt with in the models
and in the dialogue and should be processed in such a way
that participants can grapple the horns of the issue. This sup-
poses that also scientists with conflicting views get engaged.

6. Integrating the assessment

It can be argued that proper integrated assessment com-
bines a modelling approach with a participatory, so as to
have the advantages of both. This is easier said than done
– indeed, in the worst case, we end up with the disadvan-
tages of both.

This paper has explored modelling and participatory ap-
proaches to IEA, thereby focusing on the question where
(in what stage, or with respect to what function or goal of
the IEA) and how modelling and participation can deliver
a meaningful contribution. Figure 2 below summarises our
main findings with respect to this question.

Figure 2 highlights both the apparent strengths and weak-
nesses of both modelling and participation. It turns out that
modelling is necessary, but limited in its applications, which
supports the thesis that integrated assessment modelling may
often benefit from participatory approaches. However, mod-
elling exercises are likely to yield their anticipated results
that are probably more specific than those anticipated in par-
ticipatory assessments. Participation can always add value to
an IEA, but can never form the whole assessment. However,
there is still a need for improving participatory approaches
and their practical application.

37 Translation from “Integrale beleidsvisie”, p. 49.
38 By Rietveld, Van Ewijk and Verbruggen, Jansen and Rietveld.
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Figure 2. Possible contributions of modelling and participatory approaches to IEA.

The examples discussed in section 5 support these gen-
eral conclusions. As the acidification example shows, prob-
lem structuring by stakeholders representing conflicting in-
terests and views turns out to be of utmost importance. Not
only at the beginning of a science for policy process, but also
when this process is already underway. A frequent feedback
from society to science may prevent scientific efforts from
“solving the wrong problem”. The climate options exam-
ple shows that a desk research approach toward analysing
the potential and effectiveness of policy options may fail,
if it is not accompanied by participatory approaches aimed
at evaluating feasible implementation trajectories. So, both
examples highlight the need for an integrated approach of
modelling and participation. The air traffic example, how-
ever, shows that the design and management of participatory
assessments is quite difficult (given only the number of ac-
tors involved). Among the many conditions for making a
PIA successful, there are probably three that are both criti-
cal and at the same time hard to realise: Firstly, there should
be sufficient time for participatory projects. Secondly, the
subject matter of the dialogue and the participants should
match, i.e., people can only meaningfully participate if they
can relate to the issue to be explored. Thirdly, scientific un-
certainty or disagreement should be explicitly dealt with.

These conclusions warrant a plea in support of strength-
ening the development of IEA, especially on the side of the
participatory approaches. The current situation, however,
shows that there is still more emphasis on modelling. This is

illustrated by the Joint Program on the Science and Policy of
Global Change of the Massachusetts Institute for Technol-
ogy (MIT).39 The bulk of the research program is about in-
tegrated assessment modelling. The team’s researchers have
built an impressive suite of models, which combined can be
applied to a range of policy questions. The program has also
a (minor) component of participatory integrated assessment.
Except for its bias toward modelling, the MIT approach is
fairly commendable. The policy–science interface is of ap-
parent value to the researchers and the stakeholders, as both
sides continue investing resources. The organisation of the
program and its support structure ensure the academic free-
dom of the research done.

We close our argument by suggesting some directions for
adjusting current practices. Firstly, IEA may give more at-
tention to the heterogeneity of views in the policy as well
as the science communities. The idea of transparent assess-
ments beyond single research institutes and extended peer
reviews implies that the plurality of perspectives within the
scientific community is accounted for. Secondly, more intel-
lectually competitive approaches to environmental analysis
will be needed. This requires the participation of more than

39 This is a large, multidisciplinary research program. It investigates the
science, economics, and politics of climate change. The program is fi-
nancially supported by a consortium of research funds, including gov-
ernment, foundation, corporate and MIT core funds. Corporate funding
is the largest contributor (some 70%), with oil companies putting up
most of that money.
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one group and more than one institute. Relatively open as-
sessment procedures involving different models and various
expert panels could be the way ahead. Thirdly, a more in-
tegrated approach to economic analysis and environmental
analysis is a prerequisite for understanding the interaction
between economic and environmental processes. Such an
integrated approach could set the stage for more consistency
between governmental economic policies and governmental
environmental policies. Further developing IEA into these
directions is required in order to address the increasingly dif-
fuse environmental problems of today and tomorrow.
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