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Abstract

Environmental processes have been modelled for decades. However, the need for integrated assessment and modeling (IAM) has
grown as the extent and severity of environmental problems in the 21st Century worsens. The scale of IAM is not restricted to the
global level as in climate change models, but includes local and regional models of environmental problems. This paper discusses
various definitions of IAM and identifies five different types of integration that are needed for the effective solution of environmental
problems. The future is then depicted in the form of two brief scenarios: one optimistic and one pessimistic. The current state of
IAM is then briefly reviewed. The issues of complexity and validation in IAM are recognised as more complex than in traditional
disciplinary approaches. Communication is identified as a central issue both internally among team members and externally with
decision-makers, stakeholders and other scientists. Finally it is concluded that the process of integrated assessment and modelling
is considered as important as the product for any particular project. By learning to work together and recognise the contribution
of all team members and participants, it is believed that we will have a strong scientific and social basis to address the environmental
problems of the 21st Century.  2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The modelling of environmental processes has been
undertaken for decades (e.g. Jakeman et al., 1993), but
the need for integrated assessment and modeling (IAM)
has heightened as the extent and severity of environmen-
tal problems in the 21st Century worsens. The scale of
IAM is not restricted to the global level as in climate
change models, but includes local and regional models
of environmental problems. Recognised in new IAM
approaches, the earlier forms of systems modeling are
being replaced with new integrated models that incorpor-
ate human components that facilitate scenario generation
and decision support functions. This paper presents the
deliberations of forty-five scientists from Africa, Asia,
Australia, Europe and North America who are directly
involved with and concerned about the direction of
environmental research in the future. Their shared vision
and advice for future directions in research, application
development and communication in IAM are offered to
encourage progress in the development of tools to help
address future environmental problems. However, con-
sensus was not reached on all points in this discussion
and the paper also identifies points where opinions dif-
fered and debates are expected to continue.

The paper first discusses various definitions of IAM
and identifies five different types of integration that are
needed for the effective solution of environmental prob-
lems. The future is then depicted in the form of two
brief scenarios: one optimistic and one pessimistic. The
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current state of IAM is then briefly reviewed. The issues
of complexity and validation in IAM are recognised as
more complex than in traditional disciplinary
approaches. Communication is identified as a central
issue both internally among team members and exter-
nally with decision-makers, stakeholders and other
scientists. Links with other research groups are recog-
nised and points of shared interest identified. Finally it
is concluded that the process of integrated assessment
and modelling is considered as important as the product
for any particular project. By learning to work together
and recognise the contribution of all team members and
participants, it is believed that we will have a strong
scientific and social basis to address the environmental
problems of the 21st Century.

2. Integration

Given the wide acceptance of the need for an inte-
grated approach to environmental assessment and mod-
elling, as well as to environmental management more
generally, it may be somewhat surprising that there is
no generally agreed upon definition of what constitutes
integration, or more specifically what is IAM. Risbey et
al., 1996 state that the linking of mathematical represen-
tations of different components of natural and social sys-
tems in a computer simulation model is one way in
which integration is undertaken. More broadly, a model
is a simplification of reality. People think and communi-
cate in terms of models. These may include:

—Data models that are representations of measure-
ments and experiments;
—Qualitative, conceptual models as verbal or visual
descriptions of systems and processes involved;
—Quantitative numeric models that are formaliza-
tions of the qualitative models;
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—Mathematical methods and models used to analyze
the numeric models and to interpret the results;
—Decision-making models that transform the values
and knowledge into actions.

Within the IAM process we attempt to integrate these
various models in a transparent and interactive frame-
work that allows for the participation of stakeholders in
all the stages of the process. This framework offers a
means to integrate the individual models of stakeholders
at a variety of scales and it organizes the stakeholders’
community by helping them communicate understand-
ing, values, and concerns. Most important is not a unique
model implementation that is developed, but the ongoing
process of integrated assessment. As Risbey et al., 1996
stress, IAM is more than just a model building exercise,
it is also a “methodology that can be used for gaining
insight over an array of environmental problems span-
ning a wide variety of spatial and temporal scales”.

This view of the importance of the process of IAM
rather than just the model building aspect is supported
more generally. Rotmans and Van Asselt, 1996 provide
a definition of IAM stating “Integrated Assessment is
an interdisciplinary and participatory process combining,
interpreting and communicating knowledge from diverse
scientific disciplines to allow a better understanding of
complex phenomena”. They stress the importance of
integrated assessment models as frameworks to organise
recent disciplinary research and note that the explicit
purpose of IAM is to inform policy and to support
decision making. They state that IAM, as an intuitively
based process, is not new and conclude that the new
element in IAM is the use of integrated frameworks such
as conceptual frameworks or computer based simulation
models. Finally they note the ideal state of IAM as an
iterative process of investigation and recommendation,
stressing the importance of communication not only of
results from scientists to decision-maker, but also of les-
sons learned by decision-makers and the visions and
views expressed by society, from stakeholders back to
the scientist.

Margerum and Born, 1995 in their discussion of Inte-
grated Environmental Management note that while inte-
gration is a goal that is often strived for, in practice it
is never truly achieved. This is an important observation
for IAM, in that while the ideal of IAM may be difficult
or even impossible to achieve, focusing on the process
of IAM allows important lessons to be learnt. In many
ways it is the process, rather than the outcome, which
is of paramount importance in IAM.

To meet the need for integration or integrated scien-
tific studies to address environmental issues, the various
definitions of integration used by authors should be
incorporated in a multi-dimensional form of IAM. The
term ‘integrated’ has been used by different authors as
describing various forms of integration, such as linking

models with GIS (Geographic Information Systems),
integrating software, or even stakeholder participation in
the IAM process. At least five different types of inte-
gration can be identified within IAM. These integration
types are illustrated in Fig. 1. Issues are the centrepoint
of integration as IAM seeks to avoid the fragmented
approach traditionally adopted by science and recognises
links between environmental issues and the need to
include such interactions as part of the study. The inte-
gration of different issues is reinforced with the inte-
gration of multiple stakeholders as part of the research
process. Conversely, models designed to depict pro-
cesses at the local scale may not be appropriate to apply
at a larger scale. Different disciplines may focus on dif-
ferent scales and this creates challenges for the inte-
gration of modules from these different sources.

The integration of different disciplines is required to
gain insights into complex processes. Scale is important
as IAM studies are often designed at one scale, yet
decision-support is required at the local or catchment
scale. Decision-support requires application develop-
ment where the general scientific model is embedded in a
‘user-friendly’ application to meet the needs of decision-
makers. The integration of models or linking of discrete
modules is a common method adopted in IAM. Figure
1 shows that in IAM, a variety of stakeholders, scales,
disciplines and models are integrated for the consider-
ation of integrated environmental management issues.
This is in many ways the ideal of IAM, whereas in prac-
tice one or more of these forms of integration may be
ignored, often for good reason. In some cases, prac-
titioners even argue about the necessity of models as a
part of IAM, that is, about the role of non-model based
integrated assessment. However, in its most comprehen-
sive form IAM contains all five elements of integration.

More broadly, the term ‘integrated’ is often used inter-
changeably with similar terms in the environmental man-
agement literature. Downs et al., 1991 reviewed terms
used when referring to Integrated River Basin Manage-
ment. In particular, they found that four terms — com-
prehensive, integrated, ecosystem, and holistic — are

Fig. 1. Types of integration to address environmental issues.
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used interchangeably to some extent, even though they
have slightly different meanings. We accept the overlap
in meanings of these terms and assert that IAM seeks to
achieve multiple forms of integration in its approach to
environmental issues.

3. Visions of the future

The use of IAM tools to solve environmental prob-
lems in the future could follow one of several paths. To
illustrate the range in future possibilities, two brief scen-
arios are offered: the optimistic view and the pessi-
mistic view.

3.1. Optimistic view

The optimistic view foresees new IAM tools being
used to better manage the environment of our planet.
The new tools successfully integrate insights from the
natural and social sciences. The future ‘knowledge-
based’ economy enables teams to use their brainpower
to integrate models developed by scientist partners and
to convert scientific models into practical application
packages for use by the decision-maker partners. The
results from the modelling and testing of alternate future
scenarios are used to depict scenarios that extend beyond
the recent range of experience to assist in the evaluation
of more extreme events or frequencies and to develop
appropriate environment and resource management poli-
cies. These results are effectively communicated to poli-
ticians, decision-makers, and community partners who
then use the findings in their decisions about future
actions. The overall pattern is one of integrated model-
ling, integrated application, integrated communication
and integrated decision-making. The new underpinning
to this integrated approach is an integrated scientific edu-
cation where the insights and skills of single disciplines
are not left in isolation, but are set within the broader
context of other disciplines and processes that also
influence the overall pattern. Environmental science, by
being grounded in the complexity of real environmental
problems, thus serves as the base for the development
of a new integrated science education that incorporates
rather than isolates core features. An enhanced environ-
mental future is the expected outcome.

3.2. Pessimistic view

The pessimistic view foresees IAM tools failing to
influence decision-making regarding the management of
the Earth’s environment. Fragmented, piece-meal, or sin-
gle-purpose decisions prevail. The result is unintended
consequences where harvest techniques reinforced with
new technologies result in unsustainable harvests, popu-
lation collapse and rapid ecosystem change. The cumu-

lative impacts of many independent decisions also create
environmental problems on a scale and magnitude that
were not foreseen by the individual decision-maker. Fol-
lowing this pattern, major environmental catastrophes
occur before society moves away from the dominant
economic growth paradigm. Crisis-based reactions prove
insufficient to address the complex problems that arise.
In some cases, the species, ecosystem, or resource may
be lost and consequently not be available for any form
of assessment or management. The failure of the frag-
mented approach leads to the belated realization that an
integrated response is needed. A shift is made to adopt
an integrated approach, but valuable time has been lost
and environmental problems worsened. The outcome is
a recognised need for integrated approaches, but the
environment has suffered increased damage and its natu-
ral capital has been eroded.

Some of the barriers to achieving the first scenario
are built into our current global system and need to be
addressed if the environmental damage of the second
scenario is to be avoided. These barriers include:

—Separation between scientists in different disci-
plines
—Separation between scientists and application mod-
elers
—Separation between application modelers and
software interface designers
—Separation between scientists and decision-makers
—Separation between scientists and the community
—Fragmentation in education

In each case, integration is proposed as a means to over-
come the separation and fragmentation. A core question
is how to teach the next generation of scientists to avoid
the current fragmentation. The need is recognised for
multi-disciplinary tuition that focuses on collaboration
and accepts responsibility for its vision of the future as
value based. Dominant social values and welfare goals
shape science so an open and honest approach is advo-
cated to recognise these links. For example, by changing
the social values, the objectives of environmental
decision-making may change from maximum sustainable
yield of species x to maintenance of species diversity in
habitat y. The consensus opinion of the workshop parti-
cipants is that an integrated approach is required to
address environmental problems in the 21st Century. The
uncertainty discussed is over the timing and priority
placed on developing the required integrated tools. To
set the context for future development of integrated mod-
els and assessment approaches, a brief review of the
evolution of IAM is provided.
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4. IAM current position: points of agreement

From our discussion we conclude that (IAM) in its
current state has several distinctive features. IAM is cur-
rently a problem-focused area of research, with research
often being project-based, and undertaken on a demand-
pull, or stakeholder needs basis. IAM projects are gener-
ally undertaken to address specific sustainability or man-
agement issues, in contrast to previous systems model-
ling when research was often science driven and focused
on providing complex systems descriptions and prescrip-
tions for decision makers. IAM aims to be responsive to
different groups of stakeholders, including client groups,
government and policy makers, and community mem-
bers and organisations. It combines the natural and social
sciences to provide a broader view of the system and the
impediments to better management and sustainability. It
also seeks to enhance communication both between
researchers and stakeholders, and among IAM parti-
cipants.

We agree that the science behind IAM is often not
new, rather the current state of IAM has been enabled
by new technologies. In many ways IAM can be con-
sidered to be the combining of old areas of science and
research to consider problems in new, more holistic
ways. This more holistic approach to science raises
additional problems, outside of those experienced in
disciplinary research, which are the core issues requiring
resolution and innovation in IAM research.

We consider that one of the main methodological
problems in IAM is scale, and the resolution of different
scales for different system components. Global system
models differ greatly from local catchment models and
creating links between models designed for different
scales remains a major challenge. Even in catchment
models, the boundaries and scale of hydrological aspects
can be very different than the boundaries and scale of
socio-economic aspects. Uncertainty and error esti-
mation are also more challenging when modules based
on different scales and different approaches are com-
bined.

While there is no single way in which to perform
IAM, the success of individual research efforts in IAM
in the past has been dependent on a number of common
features. Janssen and Goldworthy, 1996 discuss the
importance of multidisciplinary research for natural
resource management and the attributes of multidiscipli-
nary teams and research efforts that are required for suc-
cess. They emphasise the importance of the teams
developing their own sets of norms and values, aside
from norms and values which each team member experi-
ences within their own discipline, and the need for indi-
vidual team members to be prepared to respect contri-
butions from other disciplines and to view their
disciplinary ability as a contribution to a joint goal. They
see the problem-solving orientation of multidisciplinary

teams and their shared objectives as the foundation on
which these norms and values may be established. They
conclude that due to the difficulty in imposing rigid
scientific norms on multidisciplinary teams, there is a
need for multidisciplinary teams to establish their own
standards of excellence, from very basic things such as
presentation, to more complex details such as module
integration and error estimation. While the ideal qualifi-
cations for team members have not been well docu-
mented, Janssen and Goldworthy, 1996 state that atti-
tude, communication skills, education and experience
are all important attributes.

Another important aspect of IAM, which often affects
the success of the IAM process, is the way in which
stakeholder participation is managed throughout the pro-
ject. Margerum and Born, 1995, in their discussion of
Integrated Environmental Management (IEM), note that
for integration to be successful in IEM “provisions must
be made to include the fullest range of participants who
accurately reflect the set of concerns of the public”. This
statement is equally applicable to stakeholder partici-
pation in IAM. They conclude that IEM, and we would
argue IAM, “requires participants to: take a more inclus-
ive view that considers the scope of environmental and
human systems; examine interconnections; identify com-
mon goals; and selectively identify the key elements on
which to focus attention”. Morgan and Dowlatabadi,
1996 describe a number of attributes, which they feel
are the hallmarks of good integrated assessment. These
include the characterisation and analysis of uncertainty
as a central focus of assessments, the use of an iterative
approach and the recognition and inclusion of parts of
the problem about which there is little information, by
using techniques such as expert opinion, where formal
models are inappropriate.

5. Important features of IAM

5.1. Model complexity

It is hard to imagine succeeding with mere simplicity
in the form of models developed and employed in inte-
grated assessment, unless this is in the use of simple
relationships, regressions for example, in one of the con-
stituent knowledge domains (and where integrated
assessment is being implemented largely without the use
of models). We take it for granted, therefore, as the pre-
ceding discussion has shown, that all integrated assess-
ments address complex situations, so that the IAMs
developed for exploring such situations are necessarily
complex, that is, they tend to be of a high order, with
many state variables and dense interactions among those
states. Furthermore, the goal of integrated assessment is
not to enquire into the nature of complexity itself, in the
popularly understood manner of the agenda of the Santa
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Fe Institute in the early 1990s (Waldrop, 1992). Rather,
in the process of integrated assessment we may assemble
the constituent, disciplinary parts of the overall model
according to what is thought to be appropriate to the
problem at hand (along the lines of what has been called
“demand-side” modeling). The goal is not to end up with
a model as a finished product (transferable to many like
situations elsewhere), but to adapt it within the process
of integrated assessment, as a vehicle of problem explo-
ration, for instance, or as a device for communicating
the relevant science to a lay audience. The resulting
complexity is a blend of the complexity of the constitu-
ent disciplines and the exigencies of the stakeholders
hopes and fears for the future. For example, the investi-
gation of the propagation of pathogens through a
foodweb requires a greater degree of model complexity
than the foodweb model itself, without even beginning
to consider incorporating the simulation of human
agency as it interacts with the environmental system.
Complex interactions can generate counter-intuitive
results and these need to be verified as valid before
decision-makers are willing to initiate prescribed actions.

Scale issues are extremely important when describing
processes and in some cases proper scaling may dramati-
cally decrease complexity. The hierarchical/modular
approach can be used so that the complexity in certain
modules may not appear in higher hierarchical levels and
thus simplify analysis and the interpretation of results.

So crucial issues are: can we comprehend what we
have done with the model, sufficient to interpret its
results in ways that will be understandable to the pro-
fessional scientist and communicable to an audience of
scientifically lay stakeholders; and how valid, or trust-
worthy, has the model been, as it has evolved throughout
this process?

5.2. Validation

What constitutes validation of a model, without
entering into what we now know is the vexed question
of finding the right label for it (Oreskes, 1998), has argu-
ably changed significantly in the past decade. At one
time “history matching” and “peer review” were the two
necessary and sufficient cornerstones of the process. But
with the increasing difficulties of actually being able to
match history and increasingly an absence of observed
history to be matched (in part, because we move on to
ever more extensive, more avowedly inter-disciplinary
problems) has come a dissatisfaction with the sufficiency
of these conventional cornerstones (Beck et al. 1997,
2000).

In lay terms, the following are the essential, contem-
porary questions one would like to have answered in
seeking to evaluate a model:

(i) Has the model been constructed of approved

materials, i.e., approved constituent hypotheses (in
scientific terms)?
(ii) Does its behaviour approximate well that observed
in respect of the real thing?
(iii) Does it work, i.e., does it fulfil its designated task,
or serve its intended purpose?

We are familiar with peer review as the means of
answering the first of these, and of matching history
being directed at the second. The third question, of
course, has always been vitally important, yet we have
rarely been able to address it in a manner allowing us
to discriminate between a process of model design, con-
struction, and application deemed to be superior and
another deemed inferior. Moreover, the purpose to which
a model might be put may be quite varied, for instance,
to provide:

(i) a succinctly encoded archive of contemporary
knowledge for storage and retrieval;
(ii) a collation tool for allowing different sets of data
to be viewed or examined together;
(iii) to help develop an understanding of the system
being managed and the types of interactions that exist
between, for example, the social, economic and
biophysical sub-systems:
(iv) an instrument of prediction in support of decision
making or policy formulation;
(v) a device for communicating scientific notions to
and/or from a scientifically lay audience:
(vi) an exploratory vehicle for scenario building and
the discovery of our ignorance.

The last pair of purposes (arguably of particular signifi-
cance to integrated assessment) is notably not what one
would normally expect of a model, at least not when
considering how its design (and performance) should be
evaluated. Significantly too, the terms embedded in these
statements (archive, instrument, device, vehicle) evoke
the image of the model as a tool, not a truth-generating
theory, and thus prompt the insight of judging the trust-
worthiness of the model on such a basis, of whether the
model is ill or well designed for its purpose (Beck et
al., 2000).

Evaluating IAMs, therefore, is likely to be less depen-
dent on the previous conventions of classical peer review
and history matching, and more dependent upon proto-
cols and tests yet to be developed. For they are distinc-
tively defined as serving the needs ultimately of mostly
lay stakeholders and, perhaps ever more frequently, of
incorporating the human dimension of environmental
problems within them. The constitution of a “peer
group” can therefore be expected to be very different
and more varied than just the former sub-groups of
model builders and model users, steeped largely in the
professional training and standards of science. While
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there may be scope for modest parts of evaluation by
mono-disciplinary (scientific) peers, there will be few
renaissance (wo)men capable of reviewing the whole
and fewer still who will be able to claim no conflict of
interest as the model evolves over possibly many years
in the light of successive reviews by these few. And
whereas, likewise, there may be scope for parts of the
model to be evaluated against part histories, it is highly
unlikely that a “whole history” will be available for eval-
uating the whole IAM, considered as a single compu-
tational complex (even if it were technically possible to
match a model to such a whole history, which arguably
is no longer feasible; Beck et al., 2000).

In short as apparent in Ravetz, 1997, the path towards
a “good practice” of evaluating IAMs and of integrated
assessment itself is likely to be one the community of
persons engaged in IA will have to construct itself, and
uncomfortably so, precisely because of this. Insofar as
it is the process, not the final product of an integrated
assessment, for which a code of good practice is
required, so too may it be that a protocol of validation
(or evaluation) is needed more for the evolving structure
and content of an IAM, as opposed to the eventually
finished product. The difficulty and discomfort of this
challenge notwithstanding, we should be encouraged by
the fact that we are today armed with a wider pallette
of metaphors and analogs (quality assurance in the
design and construction of tools; quality assurance in
controlling procedures in an analytical laboratory; the
legal process; and, as promoted by Ravetz, 1997, the
discipline of historical analysis) with which to fashion a
broader protocol for the conduct of evaluating IAMs.

5.3. Communication

Communication was agreed to be the critical factor in
the success or failure of integrated studies. To achieve
integrated environmental management, integrated mod-
elling, integrated assessment, or integrated knowledge,
communication is required. The need for iterative dia-
logue is recognised to both improve the exchange of
information and to build the trust relations among part-
ners. Communication among members of the scientific
team is just as important (and challenging) as communi-
cation between modellers and stakeholders. Communi-
cation within the scientific community is required to
advance the collective pool of knowledge as well as to
encourage review and dialogue.

Different forms of communication may be required
and used by different parties depending on the range of
functions they are performing. For example, scientists
may engage directly in the delivery of models to
decision-makers or they may have software designers
who specialise in interface design to undertake the
design of the tool that enables decision-makers to use
the scientist’s model. When many tasks are separated

and undertaken by different parties, communication is
essential to ensure that the final product achieves the
initial objectives without compromising the integrity of
the model as a whole.

Communication tools may be designed to simplify
complex models to simple indices or indicators that are
easily understood by the general public and decision-
makers. Graphic presentations may effectively summar-
ise a large quantity of information. In each case decisions
need to be made that are appropriate for communication
with the audience (scientific, policy maker or general
public).

5.4. Values in models

The different values represented by multiple stake-
holder groups need to be recognised and explicitly
included in models. Previous models often made allo-
cations based on implicit value choices. In the future,
the selection of values should be open and transparent.
In this way, the effect of changing values can be seen
in the allocation scenarios.

5.4.1. Points of continuing disagreement: cultural
relativism

Although most voices called for an open and clear
identification of the values incorporated in models,
others argued that models are objective. The two views
are articulated below:

“All models have values throughout. The human
dimension permeates everything. There is no pure
science free of subjective opinions, we make choices
about what we include and exclude.”

“The product of modelling is as culturally bound
as other social products.”

The counter argument was also voiced.

“No! Cultural relativism is limited, the physical world
has constants.”

“We build rational (objective) models to be viewed
and evaluated by peers (scientists) and stakeholders
(public, etc.).”

As well as concern over the challenge about value
systems, concerns were also expressed about the conflict
and debate over the numerical values attributed to parti-
cular variables.
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“Now everything is challenged, even atmospheric dis-
persion coefficients are challenged.”

To preserve the integrity of science, the focus should
be on transparency to allow for criticisms of models,
their selected variables and the values used. The
accounting for environmental services and other features
important to people should be made explicit. In this way
honest endpoints can be generated which are key policy
endpoints where sensitivities can be examined to explore
scenarios and inform decision-makers. In this way
decision-makers will have confidence in the models,
knowing which parts are built on solid knowledge and
which are dependent on particular values.

6. Future of IAM

The future of integrated assessment and modelling
builds on the best elements from its past and adopts
inclusive partnerships to address new environmental
problems. The consensus among participating scientists
is that models and the whole modelling process needs
to be open, honest and transparent. Communication is
an integral feature of the process at all stages. It is
accepted that other people view the world differently.
The development of a model starts with a storyline or
preliminary model. Qualitative as well as quantitative
elements should be included as an iterative approach is
taken to enable the model to evolve with improved
understanding of the system under investigation. Failure
is recognised as an important part of the learning process
that helps refine the model and move research in an
agreed (the right) direction. In particular it was agreed
that IAM requires a validation of processes and out-
comes, rather than strictly of model outputs. It was seen
that the first step in achieving this is the development of
guidelines on methods and standards representing best
practice in IAM.

New tools are needed to achieve integration, but the
components required may change from one environmen-
tal problem to the next. Integrated models often include
biophysical and socio-economic components and some
have decision support functions. However, the biophys-
ical component may itself integrate modules, e.g. physi-
cal hydrology modules with biological modules, while
the socio-economic component integrates economic
modules with psychological or sociological modules.
The particular combination depends on the environmen-
tal problem being investigated: water allocations within
a catchment, fisheries, forest functions, wetlands, nuclear
waste storage, etc.

New challenges that need better representation include
the issue of criticality and how to identify and represent
thresholds where systems may flip from one state to an
entirely different discontinuous state. The transfer of

new models from physical systems to biological systems
also poses particular challenges for future IAMs.

7. Conclusion

Integration is essential to address future environmen-
tal problems. Integration goes beyond IAM to include
integrating the sciences, knowledge, and our understand-
ing of the future. The old descriptive systems models are
being replaced with integrated models that are designed
to address particular management issues. The role of
humans, both as decision-makers in management roles
and as agents causing environmental change, has become
an integral part of new models. The next challenge is to
improve on the existing suite of modules by relating
each one to broader ecological sustainability. The
environmental problems of the 21st Century cannot be
considered in isolation, but need to be set within the
broader sustainability context.

IAM needs to focus on moving forward beyond single
issues to improve broader ecological sustainability, to
improve decision-making, to integrate insights from
natural and social sciences, to seek validation of IAM
processes, and to maintain integrity and rigor through
openness, transparency and honesty in the processes
used. Overall, there is a strong desire to work together
as part of a team to address the environmental challenges
ahead. An integrated approach, a participatory process,
an interdisciplinary team, and a visible research program
that is conducted with integrity and trust, are key
ingredients that need to be combined in a framework
where communication is continuous.

Integrating the sciences starts with an integrated prob-
lem. Environmental problems of the 21st century are
public and non-exclusive. They affect the Earth’s eco-
systems and all inhabitants. Separating mediums, inputs,
or vectors is inadequate. Integrated science also means
generating integrated knowledge. We must invest time
and ability to create a shared pool of knowledge and
understanding. This result can only be achieved through
integrated scientific efforts. To achieve an integrated
future, instead of a fragmented disciplinary future, there
is a call for integrated environmental science as its base.
Rather than simply debate over the components of the
curriculum, it is time to take action. The goal cannot be
achieved unless we take integrated action. IAM is not
limited to a particular model, but argues the importance
of process. We seek to bring dispersed data and stake-
holders together to gain improved understanding and
enhanced environmental quality for future generations.
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