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Preface

About the MATISSE project

The MATISSE (Methods and Tools for Integrated Sustaility Assessment) project is funded by the
European Commission, DG Research, within th&@mework Programme. The project is interestetién
role that Integrated Sustainability Assessment JISAuld play in the process of developing and
implementing policies capable of addressing peastsiproblems of unsustainable development and
supporting transitions to a more sustainable futuféurope. The core activity of MATISSE is to dioe

test and demonstrate new and improved methodsoaislfor conducting ISA.

This work is carried out through developing andl@pg a conceptual framework for ISA, looking atth
linkages to other sustainability assessment preseéisking existing tools to make them more usebt

ISA, developing new tools to address transitionsustainable development and applying the new and
improved tools within an ISA process through aesedf case studies.

The extent to which the case studies are carryingaa@omplete ISA for their area of focus variesvaen
attempts to cover all phases of an ISA processattaph implementation of the process. Equally, etiéint
case studies are oriented to developing and testialy and approaches to some, but not all, of the
methodological challenges of ISA. The case studrescomplementary, however, and the set of cases
offers the opportunity to address a wide range ethawdological challenges and to explore linkages
between cases. An evaluation of practical expeggmith ISA implementation in the case studies will
provide guidance on the further improvement of redghand tools. Results will also contribute to more
informed policy advice.

What is ISA?

Within the MATISSE project, Integrated SustaindpilAssessment (ISA) has been defined as a cyclical,
participatory process of scoping, envisioning, eéxpenting, and learning through which a shared
interpretation of sustainability for a specific text is developed and applied in an integrated mgrn
order to explore solutions to persistent problefmsnsustainable development. ISA is conceptualased
complement to other forms of sustainability assesgmsuch as Sustainability Impact Assessment,
Integrated Assessment and Regulatory Impact AssgdsiWhereas these other forms of assessment fulfil
the pragmatic need fagx antescreening of incremental sectoral policies that developed within the
prevailing policy regime, ISA is conceptualised asupport to longer-term and more strategic policy
processes, where the objective is to explore gergiproblems of unsustainable development that lsav
systemic pathology and possible solutions to théSA. is therefore oriented toward supporting the
development of cross-sectoral policies that speadlfi address sustainable development and at emglor
enabling policy regimes and institutional arrangetse

MATISSE Working Papers

Matisse Working Papers are interim reports of mopectivities that are published in order to ilhase
ongoing work and some provisional conclusions, e &s providing the opportunity for discussiontioé
approaches taken by the project and interim restits discussion should be both within the propeud
between project members and the broader scietific policy communities. Readers are encouraged to
contact the authors to discuss the content of M&ABSVorking Papers.

Jill Jager and Paul Weaver
Editors of the MATISSE Working Paper Series
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Abstract

Sustainable development has become an overarchliny parget for the global policy arena. Howevée
international policy-making process and that ofitiddvidual countries remains largely sectoral ature: a
wide spectrum of international policies pursuegsaarsectoral concerns and do not contribute futigueh

to the achievement of broader sustainability tagétew policy tools such as Sustainability Impact
Assessment (SIA) have therefore been adopted biguhepean Union to ensure that sectoral policies ca
be evaluated in relation to their wider, sustailiigbimpacts. However, what is really needed israss-
sectoral approach to assessing sustainable develdpat an even higher, much more strategic level:
Integrated Sustainability Assessment (ISA). ISAoiwes a long-term, comprehensive assessment of
international and national policy programmes adganstainability targets and criteria.

In order to perform ISA at the international leveéw assessment tools and methods are needed avkich
rooted in a new paradigm. Sustainable developngeataomplex, multi-dimensional phenomenon, with a
breadth and depth that cannot be fully coveredhleycurrent portfolio of ISA-tools. We therefore des
new generation of ISA-tools, in particular modedlitools that can (semi-)quantitatively assess thkipe
dimensions of sustainable development, in termsmoftiple scales, multiple domains and multiple
generations. Although a new paradigm is on thezbarand its contours are gradually becoming cleérer
will take a while before it can be used to devalagctical ISA-tools.

Within the context of the European MATISSE projeet therefore propose a two-track strategy: find new
ways to use the current portfolio of ISA-tools &fceently and effectively as possible, while aetsame
time developing building blocks to support the ngemeration of ISA-tools.

Keywords: Integrated Sustainability Assessment J|SATISSE



MATISSE Working Paper 4

Table of Content

€= o Tot PP PP PPRPPROPPRRPPP 3
Y 41 1 = T PR 4
0] o] =0 oo U = 6.
2 State-of-the-art of Sustainability ASSESSMENL..........ooiiiiiiiiii e 7
3 Science Perspective for NEW ISA-PAradigM o ..veeeeeerrereiiirriiiiiiinrereeeeee ... 9
4 The next generation of ISA-tools and INStrUMENtS..............ccoo e, 12
L2 L0710 0 PR P P TTPPPPPPPPR 12
YT T o] LI ox= 1 o PP 13
Stakeholder INVOIVEMENT. ... ..o e e 13
5 A two-track strategy for ISA-t00IS and INSITUMBRN..........uuvvuiieeiiiiii s vmmmmmr e e e e e e e e e e 14
B.1.2. Track I: Interlinking and improving exiStifBA-t0O0IS. ........cooiiiiiiiiiiiiiiiiiieet e 14
B.1.3. Track II: Developing new ISA-tools and mamiQ................oooeeeeee 15
6 Implementation strategy for ISA-t00ls and INBIANTS..........ccooiiiiiiiii e 16
ContextualiSiNg ISA-TOO0IS ... e 16
Guidelines for developing and using ISA-tO0IS ..., 16
Experimenting with ISA-t00IS iN CASE StUAIES ..neeuiieeiiiiiie e 16
Dissemination and capacity DUIING ........oorrrmri e 17
7 Conclusions and reCoOMMENTALIONS ........ceeviierieiiiiiiii it ereeer e e e e e e eeeaee s 17
ACKNOWIEAGEMENLS ... e 18
=] 1] €= o7 18



MATISSE Working Paper 4

Tools for Integrated Sustainability Assessment:
a two-track approach

1 Problematique

Nowadays our society faces structural problems ¢hanot be solved by incremental policies leadng t
sub-optimal solutions. These problems are compliiystructured, involve many stakeholders, are
surrounded by structural uncertainties, and ard tamanage. We call these problems persistentgirzb
(Rotmans, 2005), an even higher grade of compleklems as what Rittel and Webber called "wicked”
problems (Rittel and Webber, 1973). Examples of¢hproblems can be found in many international
sectors: the agricultural sector with its many stongs of unsustainability, visible through proteiaskd
diseases like BSE and Foot & Mouth; the energyosseasith its one-sided and environmentally-detrinaknt
energy supply system; the transport system withcascomitant air pollution and congestion. These
problems seem different in scope and nature, bey tmave certain commonalities. The symptoms of
unsustainability reflect a deeper-lying problermedh persistent problems are deeply rooted in aietsbd
structures and institutions, and are closely inteem with manifold societal processes, so that tanot

be solved in isolation. They are complex becausg thave multiple causalities, cover multiple figlds
whereas ready-made solutions are absent. The te@isisof these problems is the result of systeharés
that have crept into our societal systems. Maraitires concern imperfections of the market sysaeich
can be corrected by the market or by external vetgions in the market. System failures, however,
concern profound flaws in our societal systems ¢thanot be corrected by the market or by exterraket
interventions (Rotmans, 2003). These system falune profound barriers that prevent systems from
functioning in an optimal manner. System failurgerate at different levels and may differ by nature
institutional system failuregdominance of institutions that block innovatioeonomic system failures
(insufficient market development or investment tapi social system failuregworn-in behaviour and
habits that hamper change in behaviourganlogical system failurgglominance of species or ecosystems
that threaten biodiversity).

In the societal domains we gave as an example wakspf a systems crisis. This demands a revision of
both development processes and the institutionshich the underlying system failures take placet No
only it demands a re-orientation but it also reggiia different form of governance and planningftiabi
away from the old directing and controlling modee Weed a different form of planning for the pegsist
problems that mark unsustainability trends in aurent society. Such a new form of planning aimthat
sustainable innovation of societal systems rathen their optimization, takes uncertainty and caxiy

as a starting point rather than as closing entilked learning and experimenting as guiding priecipther
than fixed goals based on blueprint thinking, andvolutionary by nature. An example of such a fawm

of planning is 'transition management’ (Rotmanslet2001; Kemp and Rotmans, 2005; Loorbach, 2006),
which uses basic notions of complex systems sciet@evolution, emergence and self-organisation, in
order to organize a cyclical process of envisionagenda-building, coalition-forming, experimentizgd
learning. In fact transition management involvesorg-term (several decades) sustainability planning
process in small, incremental steps: 'perspectigeesimentalism’ as a variant on disjointed increraksin

of Lindblom (Lindblom, 1979) and logical incremeligen of Quinn (Quinn, 1978). The experimentation
and learning character of transition management &las similarities with adaptive management
(Gunderson and Holling, 2002; March and Olson, 198%®wever, transition management is not only
adaptive, but also anticipating (pro-active, foagsbn the long term) and involves relatively higgkr
experiments rather than low-risk or ‘no regret’ esiments adaptive management often involves (Ratman
2005).

On the other hand, scientists attempting to agkessomplex phenomenon of sustainable developniemt a
failed so far to develop adequate tools to comprsely analyse the complexity of sustainable
development. Here we run into the 'sustainabilisygolox’: the unsustainability problems humankind is
faced cannot be solved with current tools and nuthbat were applied — or seemed to work - in t.p
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Obviously, the paradox is that we cannot wait far hext generation of tools and methods (and minds)
What we can do, however, is using current knowledgels and methods in the best possible manner,
while developing a new paradigm that better reflebte complexity of sustainable development. This
because the current paradigm used for assessitairgalslity has reached its limits in creating ldéok for
new tools and instruments that are better suiteatitress the multiplicity of sustainable developm&o

we need new tools and instruments to support tlstasability decision-making process in a more
adequate manner. These tools and instruments eadalyse the non-sustainability symptoms at the
systems level in relation to their deeper drivingcés; they need to recognise and monitor earlyiwgr
signals of non-sustainability patterns, in ordedigentangle the short-term fluctuations from thregtterm
slow wave patterns; and they need to evaluate ubigability impacts of strategic policies at ditfnt
scales.

In conclusion, the nature and context of a new g of societal problems, called persistent [eois,
require a new way of thinking and acting. Actingénms of an evolutionary planning and decision-imgk
process, aimed at different intervention pattems mechanisms at different levels in time and spaod
thinking in terms of a new paradigm that allows #or interdisciplinary approach towards sustainable
development, that enables us to deal adequatétytraitsition patterns towards sustainability.

2 State-of-the-art of Sustainability Assessment

Sustainable development is an essentially contasdéidn, because it is inherently complex, normetiv
subjective and ambiguous (Kasemir et al., 2003gr&tare, nonetheless, a number of commonalities eve
in diverging interpretations, upon which the notiohsustainable development can be implemented in
practice. These commonalities include that it isiatergenerational phenomenon, that it operates at
multiple scale levels, and that it covers socidttral, economic and ecological dimensions. Theraile
challenge is to make the tensions between these Isv@ls and dimensions explicit and to develolficgo
strategies to alleviate them. The need for IntegreBustainability Assessments (ISAs) to support the
development of integrated sustainability policiesai challenge not only for policy makers but also f
science.

Over the past two decades many researchers hameehgaged in a quest to develop tools and metturds f
sustainability assessments. While many started imgpricom a mono-disciplinary basis, others made an
attempt to develop generic tools and instrumentshi® phenomenon of sustainable development. Tdss h
resulted in a diverse field of approaches: concémtssustainable developments (Munasinghe, 1993),
indicators for sustainable development (Grosskuatid Rotmans, 2005), models for sustainable
development (van den Bergh, 1991) and scenariosustainable development (Rotmans et al., 2000).
Without pretending to be comprehensive, importagsbns and insights can be drawn from these
sustainability assessment studies. In generalgthéferts have resulted in the following insighti: an
overall generic tool, capturing the multi-dimensibty of sustainable development, is not possifigthe
diversity of the tools and methods developed himdbe efficient use of sustainability assessmerd in
practical policy-making setting; (iii) the multittiensionality of sustainability requires an integdand
interdisciplinary approach, in the sense of devielp@nd using analytical tools and instruments iwith
participatory setting; (iv) the current paradigndarlying sustainability assessment has reachédithits in
creating lock-ins for new tools that are bettetesito address the complexity of sustainable devedmt.

Although it is difficult if not impossible to speaf a unifying paradigm currently used for assasgsin
sustainability, the prevailing approach is rootadheo-classical economics. Sustainability assedsimen
still dominated by neo-classical thinking, whiclsestially implies the usage of the rational actaragigm
and standard equilibrium approximations to descitileebehaviour of actors in socio-economic systéns.
is broadly acknowledged that a neo-classical ambross inadequate for addressing the multi-
dimensionality and complexity of sustainable depetent (Jaeger et al., 1998). The non-linear dynsuatic
both macro-micro level cannot be described in teah®ne equilibrium, price-driven actor behaviour,
efficient resource allocation, and market failuteat can be remedied by corrective tax policies or
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subsidies. Such an approach may be valid withini@ sconomic framework, but is certainly inappriape
for describing real world dynamics of non-sustaleablevelopment characterized by system failures
(Rotmans, 1998).

The required integrated approach for sustainabdggessment makes the research field of Integrated
Assessment a potentially suitable candidate foress$thg the complexity of sustainable development.
Integrated Assessment is the science that deafsamitintegrated systems approach to complex sbcieta
problems embedded in a process-based context.nh& @& analyse the multiple causes and impacts of a
complex problem in order to develop policy optidosa strategic solution of the problem in questilza
itself involves a process whereby IA-tools form dwipment to perform the assessment. The 1A-tbaki
rich, including both analytical tools/methods (si@shmodels, scenarios, uncertainty and risk angjlyaad
participatory methods (such as focus groups, pa@imrcises and dialogue methods). For a survep-of |
methods the reader is referred to Rotmans and Dabddi (1998), Rotmans (1998), Toth and Hizsnyik
(1998), Toth (2003), and Kasemir et al. (2003)his been successfully applied in fields such ak rad

and climate change, using IA-models such as RAINSafmo et al., 1990) and IMAGE (Rotmans, 1990).
The role of stakeholders in IA has become more @ode important over the past decade(s) (van de
Kerkhof, 2004)

Integrated Assessment is now exploring new cha#lemg new fields, such as sustainable developriéat.
refer to this as Integrated Sustainability AssesgniSA). Integrated Sustainability Assessment (l$A
closely related to Sustainability Impact Assessnighd). While SIA is focused on the short-term armay
practical, ISA is broader, explorative, forward#otg and long-term oriented. The two are positively
correlated and should go hand-in-hand. For examgbmlied to agriculture, ISA could involve an
assessment of the sustainability implications ef @AP-reform in a particular Western-European agunt
versus an accession country, while SIA could messessing the impact of bio-fuels on small-scale
agricultural production in particular EU-regionSA and SIA are considered as complementary, arfd bot
will be used in a harmonious manner (Weaver andnBos, 2006).

While the ambitions of ISA are high, the currerdltkit of IA is not well enough equipped to addréise
multi-dimensional complexity of sustainable devahgmt. Although significant progress has been made
over the past decades in the use of ISA, obviodgieercies and limitations of current Integrated
Assessment tools have become clear: the imbalagtee=bn the socio-economic-technological dimension
versus the ecological dimension, the purely ratiom@resentation of actors, the poor treatment of
uncertainties and the single-scale process repmgan Sustainable development, however, puts new
requirements on Integrated Assessment tools, mst@f trade-offs between multiple scales and mieltip
generations, and between socio-economic-technabgand ecological processes. New Integrated
Assessment tools are therefore needed which atmded in a new paradigm, without loosing contach wi
the old paradigm. The time seems ripe to startldpireg new Integrated Assessment tools, here ede

as ISA-tools, without discarding the current Intdgd Assessment tools. However, developing new ISA-
tools is a time-consuming activity, so a more harired and efficient use of existing ISA-tools is as
important as developing new ISA-tools.

The overall challenge is to perform Integrated &usbility Assessment in a similar way as has lukwre

for global climate change and, to a lesser exfentacidification. In concrete terms this meanst s
involves the whole palette of: (i) analysing hunaativities as driving forces; (ii) estimating thegacts on
ecosystems functioning and human health; (iii) ¢atihg critical thresholds and potential damage) (i
setting policy-targets; (v) developing mitigationdaadaptation strategies; and (vi) monitoring thecess.

As a consequence, we need a portfolio of Integrétesessment models and participatory methods to
support ISA at the various stages in specific cdstand domains. No single tool or instrument capiware

all stages and dimensions of ISA. Furthermore, mitree range of applications contexts and domains, a
flexible, hierarchical approach to linking elemetdgether is needed. In practice, ISA encompadses t
following tasks and tools:
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® analysingthe dynamics of sustainable development, ubitegrated Assessment moglels

(i) forecasting(un)sustainable trends and developments, usitggrated Assessment-models and
scenarioof the future;

(iii) assessinghe sustainability impact of policy options, usimgpdel-based cost-benefihd cost-
effectiveness analyses

(iv) monitoringthe long-term process of sustainable developmengumodel-based indicators

(V) designingthe process underlying Integrated SustainabilitgeSsment, usingarticipatory
methods

The challenge is to use the above ISA-tools in aremadvanced manner (i.e. interlinking and
adjusting/improving existing tools to better copighvthe complexity that SD requires), while working
the next generation of ISA-tools grounded in a geigntific paradigm.

3 Science Perspective for new ISA-paradigm

A new paradigm for ISA has not yet taken shape mature form, but its contours can be portrayed by
formulated a number of shared research principlegerlying such a new paradigm. “Shared” means
broadly recognised by a growing group of peoplekivay within diverging networks in the sustainalyilit
research field.

() The first shared principle is that afterdisciplinarity. sustainable development runs cross several
disciplines and cannot be addressed adequatelydrorano-disciplinary viewpoint. We need to devedop
new interdiscipline using building blocks from ariedy of disciplines, where the building blockstimn are
cross-disciplinary adventures. The human behavitbonrension of sustainable development needs to be
addressed from micro-economics, social psychologlyaatificial intelligence; the ecological dimensiby
ecology, ecological economics and economic valnattbeory, the social-cultural dimension by
anthropology, sociology and social geography, deditstitutional component by institutional econosni
and social psychology. In this way we can buildaugystemic puzzle, where the various cross-disEpfi
concepts form the pieces of the sustainability f[muaeed to be combined and integrated.

(i) The second shared principle is the usecamplex systems theoag an overarching framework that
brings the different pieces of the sustainabilitgzle together. This implies that we study socisyatems
from a complex systems viewpoint, using three ketyams of that complexity science field: co-evoduj
emergence and self-organisation (Holland, 1995; fikean, 1995). We speak of co-evolution if the
interaction between different systems influences ttynamics of the individual systems, leading to
irreversible patterns of change. Further, pattérromplex systems emerge ‘spontaneously’ as dtreksu
relationships between the components of the syséema consequence, these systems have the ability t
self-organise: for ordered patterns to emerge sirapla result of the relations and interactionsrajrthe
constituent components, without any external céntf@wing unsustainably functioning societal syste
from complexity glasses has serious consequencesidoaging these systems. Forget about command-
and-control management of these systems, only evelutionary management approach, which subtly
takes emergence, co-evolution and self-organisatsostarting-point, might work (Kemp et al., 2006).

(iif) The notion of non-linear knowledge generaticiorms the third shared principle. This means that
knowledge is developed in a complex, interactivecpss of co-production with a range of stakeholders
involved. There is a continuous interaction betwkeowledge producers and consumers, but knowledge
producers may be knowledge consumers at the same @nd vice versa. Only through frequent
confrontation of theoretical knowledge with actpedctice can innovation get its ultimate shapeembted

at the system level. Silverstone and Hirsch (19@8r to this process as domestication of knowledge
Knowledge institutions then become co-innovatoraemw innovation-creating networks, which fits withi
the context of the currently ongoing switch fromdaedl science to mode-2 science as postulated by
Gibbons et al. (1994). Where in mode-1 scienceotfentation is purely academic and mono-discipimnar

in mode-2 science inter- and transdisciplinaritd aocietal accountability play a key role. This methat
ISA, by definition, involves transdisciplinary reseh, where the development and usage of fundaimenta
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knowledge, applied knowledge and practical knowded® hand-in-hand and do influence each other
directly and interactively.

(iv) Another shared principle shapes tkarning processin complex and uncertain search processes for
sustainable directions with no ready-made solutamnisand, all one can do is experiment and leam fr
these experiments. We refer to social learning eratithan cognitive learning: learning in a social
environment through interaction with other actdrbg social learning group, 2001). The learning pssc
has three components: learning-by-doing (develogiigretical knowledge and testing that by prattica
experience), doing-by-learning (developing emplriki@owledge and testing that against the theory) an
learning-by-learning (developing learning strategagpplying and evaluating them).

(v) A final shared principle is that afystem innovatiomather tharsystem optimisationMany societal
systems are in a kind of dynamic equilibrium stagféen in a sub-optimal state from the viewpoint of
sustainability. The punctuated equilibrium theonggests that complex societal systems do not evolve
gradually from one (non-sustainable) equilibriunthe other (sustainable) equilibrium, but that tiaises
radical change (Gersick, 1991). The deep struatngerlying complex systems, which represents iatern
rules, practices, networks, etc. prevents the syftem moving gradually away from the equilibriutage.
Only radical “punctuations” of rapid change, deoés a transition period, brings the system inteewa
equilibrium period. The system needs to be “forcedt of its equilibrium, quite far from the exisgin
equilibrium, which requires an enormous amount redrgy. These forces operate at different leveld, an
cannot be generated externally, but should bothrggmendogenously and be stimulated exogenouslg. Thi
explains why gradual system innovation often letmlsa lock-in, a non-preferred situation from the
viewpoint of sustainable development. To directyastam onto a higher level of sustainability regsiire
radical, non-linear change instead of gradual chamghich can only be realised by a form of co-
evolutionary management.

The new scientific paradigm for Integrated Sustailitg Assessment is emerging from a scientific
undercurrent that marks the evolution in sciencgdneral and in decision-support science in pdaticu
Unmistakably, a scientific undercurrent is evolvitogvards the already above-mentioned transitiomfro
mode-1 science to mode-2 science, as postulateditiiyons et al. (1994). Where in mode-1 science the
orientation is purely academic and mono-discipinam mode-2 science inter- and transdisciplinapigy

a key role. In mode-1 scientists are supposed tacbeuntable primarily for their scientific achievents
within the scientific arena. In mode-2, howeveigstists are part of more heterogeneous networksyev
their scientific tasks are part of a broader preadknowledge production, and where they are atednle

for more than just scientific productivity. This é@mparable to the new accountability mechanism for
businesses, where responsibility extends beyorahdéial profitability; companies have to live uphigher
expectations with regard to social corporate resibility. Another paradigm that has gained influeris
that of postnormal science, not to be confused wiktmodern science (Funtowicz and Ravetz, 1990).
Postnormal science results from the unavoidabdlityncertainty in data and models. One way of martag
uncertainty is through the organization of parétqyy processes in which different sorts of knowk@ot
only scientific knowledge) are used to inform pglimaking on complex societal problems with higtketa

as good as possible. Notwithstanding the growirtyémce of the scientific undercurrent, it has ® b
noticed that although the direction of the undamniris clear, the pace of the evolutionary trendather
slow.

If we zoom into the decision-support scientificreagwe observe a congruent evolutionary patterth wi
similar characteristics as the shift from mode-Iade-2 science. A new generation of decision-stppo
tools and instruments has emerged over the pastddec For the sake of brevity we focus here on
Integrated Assessment tools, in particular on 1Adeis, as an illustration of the trend. We descthis
evolution in 1A-tools by means of a number of clideastics beginning with the evolution from supply
driven to demand-driven models. The first generatiof IA-models were almost all supply-driven, in
particular by the scientific curiosity of the resg®ers involved, who ex-post were looking for users
clients. Only occasionally these users or cliergsesfound: the vast majority (roughly estimated enibran
90%) of IA-models has never been used by clientasers. The model developers themselves were the
major clients, leading to a self-referential moihgilarena, tending to a closed shop (Rotmans, 19983

10
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has generated the awareness that potential usel&-mbdels need to be involved from onset. The
upcoming generation of IA-models therefore is oil vide more demand-driven, in the sense that
stakeholders are or will be involved already ineamly stage of the model development. That is not a
sufficient guarantee that IA-models will be usedrenoften, but at least it is a prerequisite forepditl use

of these decision-support tools.

The nature of these IA-models is also changingviBus generations of models were quite technoceatit
deterministic by nature, with a high level of eregring, and were often considered as ’'truth mashine
The current and future generation of models aresidened more as heuristic tools, as aids to gairemo
insight into and achieve a better understanding pérsistent problem in question. This implies iha
more accepted by both model builders and users rtitatels contain both objective knowledge also
subjectivity; and also that uncertainty is not dmyger considered as a mathematical artefact tatbe
reduced or avoided, but that uncertainty is a gagrsymptom of complexity in the world around ian(v
Asselt, 2000).

Where the previous IA-models focused on the predictapability as a basic strength, with a firmidfeh

the model outcomes, the current and next generafibti-models focuses on their exploratory valuthea
than on the predictive value (with the exceptiorihafse modellers who those days already recogtieed
limitations of their models and did not blindly apted their modelling results as reflection of itgal For

the current and future generation of 1A-models rtigadiploratory value is much more important than the
predictive value, something that cannot be detadhauh the increased awareness of complexity and
uncertainty among model developers. In line wiils th the shift from the purely deterministic chaea of
IA-models to a more stochastic character.

A final striking difference between the next genieraof I1A-models and the previous ones is thatfttss
generation of IA-models were built by individualgsearchers within universities or research irsttu
operating on a solo basis, whereas the next gémeraf IA-models will be built by networks and
collaborations between research institutes. Theptexity of IA-models these days requires a collalive
effort rather than an individual attempt, where miled can be exchanged easily and flexibly between
research institutes. The previous generations efmbilels formed a monolithic whole, which severely
limits the applicability and transportability of marate modules. Often, the modelling or at least
reprogramming from other models of all componeatsdry time-consuming to such an extent that little
time remains for the Integrated Assessment itdalfthe next generation of IA-models, modules are
separate entities that can communicate with others.

These are confusing times for both model builded rmodel users. On the one hand the time is ripa fo
new generation of IA-models based on a new inteiglinary paradigm as sketched above, on the other
hand the modelling scenery is still dominated bgofclassical models. Aggregating this to the lenfel
decision-support tools and instruments, one coaidtbat the evolutionary transition of decision{soift
tools to user-friendly, exploratory, participatofyeuristic tools has not succeeded. Sitill, the tpofnno
return has been reached, so the overall pathwiagigrsible.

Box: Lessons learned in 1A-modelling

IA-models have unmistakably demonstrated to beuligebls in the international policy arena, esplcia
in the fields of acidification and climate chand®{mans and Dowlatabadi, 1998). At the same time it
needs to be stated that it is difficult to meagter impact, and that IA-models mostly dance adbtire
policy arena and not in that arena. The reason Mihypodels often dance around policy makers and|not
with them, is grounded in the fact that it takes ta tango. But each of the dancers has its ovionality,

and the scientific rationality is essentially difat from the political rationality. Model buildeodten do
not recognize these differences and have a faalyenpicture of how policy makers think, act anarte
This hinders a successful application of IA-modaldhe policy arena, and is a source of frustrafimm
many model builders. This has been signalled easlith respect to the use and applicability of stife

models in general in the policy context (Greenbeggel., 1976). Research into model-client refatibas
shown that if the problem conceptualisation of ttient significantly differs from that of the modgl
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developer, it is extremely difficult for the cliemd understand the model let alone thrust the model
(Robinson, 1978). This underlines the need to emgagential users already in an early stage imtodel
development. In this way the potential user getsilfar with the model, which helps to build up mare
credibility and authority for the model.

Numerous factors can be mentioned that mark tterdiices in rationality between developers andsuser
Important determinants are: lack of transparenayjegessary complexity, irrelevance for policy and
inadequate treatment of uncertainties. But gengerialcan be postulated that model rationality paticy
rationality can only converge if brought togetherai participatory process. In such a participafpcess
IA-models are developed in dialogue with potentisérs, in particular policy makers. It is importamt
engage the potential users already in an earlyesthg@ conceptual model development. In practiée|th
means that model aspects as temporal and spa@utien, scale level, aggregation level, in- anpat,
exogenous and endogenous factors and processes| stadtture and the presentation of model resplts,
needs to be determined in mutual consultation. Bsethis is a continuous and iterative process,reeds
to be managed carefully.

That's not to say that all IA-models should be deped along these participatory lines. There i® @$
need for ‘early warning’ models that anticipateufet problems that haven't been recognized yet Higypc
makers or other clients. Headstrong scholars whim against the mainstream and develop models far|ne
environmental problems are slowed down rather gtanulated by participation of others. The IMAGE
(Rotmans, 1990) and RAINS (Alcamo, 1990) modelgared examples thereof: the right model at the right
time, developed during a phase when the problentsirofte change and acidification were no priosty
all on the policy agenda.

o

4 The next generation of ISA-tools and instruments

The requirements that sustainable development ddsnaf the next generation of ISA-tools and
instruments can be captured by means of the seecéllriple-I” approach:innovative, Integrated and
Interactive Innovativebecause the paradigmatic basis of these modeldevillifferent: following the new,
evolutionary paradigm as sketched above (involwmgr- and transdisciplinarity through co-developine
of knowledge with stakeholders, system innovatioa &ansition, adaptation and social learning psees,
and complexity principles as self-organising bebayj chaotic behaviour and emergent processes), and
more oriented towards the dynamic behaviour ofviddial and collective actors, explicitly incorpazet
into the IA-tools.Integratedbecause of the better integration of differentreteaof knowledge at different
spatial and functional scale levels, and becauskeointegration of quantitative and qualitativeowhedge.
And interactive,because the influence and role of stakeholdersrbesanore important. This influence
manifests itself in both the conceptual and impletaigon phase of the ISA-tools, but also in the oBe
these tools, realising that multiple stakeholdeesceive a problem from different perspectives, and
therefore act differently, which needs to be ra#éiddn the ISA-tools and instruments.

To illustrate the practical implications of the ffile-I” approach, we work these out in more detail a
particular group of ISA-tools, namely ISA-modelse\dketch some important elements of a future relkear
agenda for ISA-models for the next years, encap=tilen terms of the required level of innovation,
integration and interactivity. The “Triple-I” chalhges are clustered around three different themes:
transitions, scaling and stakeholder involvement

Transitions

The first challenge is to represent transitionaltgras in socio-economic systems in a more adequate
manner in ISA-models. Advances in complexity sceshave pointed towards the need to develop models
of the socio-economic system that better captueentin-linear dynamics and adaptive behaviour & thi
system. Over the last decade advances have beanimbtmodelling of technological change (Barker e
al, 2002), the cultural dimension (Rotmans and deesy 1997) and demographic-migration patterns
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(Hilderink, 2000). A full representation of soci@ktural-economic-technological-environmental systes
still impossible. The challenge is that such systame hugely complex and on the one hand are uliffic
make tractable to a manageable 1A-modelling agtiwithile on the other hand advances in particigator
methods are clearly highlighting the value of siemphodels that are readily understandable to trained
policy analysts. In this way the next generationS#-models become social learning tools rathen tiee
present highly complex forecasting IA-models. Tiams patterns are simple representations of highly
complex societal patterns, and could thereforeesawssa useful concept to strive for a balance hmtwe
simplicity and complexity. It is proposed to deyelelatively simple ISA-models (prototypes) that able

to describe transition patterns, where in particthe incorporation of some relevant social, calkwand
institutional dynamics in a less primitive formimportant. The overall challenge is to develop tieddy
simple ISA-models that contain transition patteregresenting the complex interactions between socio
cultural, economic and environmental systems fotiqdar case studies.

Multiple scaling

Because there is no unifying theory in IA-modellialgout how to deal with multiple scales, we have to
develop and use heuristic scaling methods. A ficssibility is to use thgrid-cell approach in which
model processes are allocated to grid cells, makiegmodel outcomes also grid-cell dependent. An
example of this type is the IMAGE 2.0 model (Alcam®94). The problem here is twofold: (i) driving
forces in terms of social, economic and demographiczesses cannot be easily captured in a grid-cell
pattern; and (ii) these drivers are representeal highly aggregated form, which means that the ayos
are not modelled at the level of grid-cells, buthat regional or supra-regional level. And finallgere is
hardly any dynamic interaction between the gridscel IA-models. That means that the outcomes e$¢h
models suggest more precision than can be fulfillkdsecond possibility is to useellular automata
models These are based on grid-cells that communicatle @ach other in an intelligent manner. The
dynamic state of each cell depends on the staserodunding cells, the characteristics of the catid the
distance to the core cell. Usually, these typemadels operate at two different scale levels: toall level
(micro-level) and the regional level (macro-levélh example is the Environmental Explorer developgd
Engelen e.a. (2002). A potential drawback of theselels is that they seem to be more suitable at the
micro-level for the short-term, and that their ability is reduced on a larger scale level (Rotma@9?2).

A third possibility could bemultiple scale regression modellinpased on the interaction between a
relatively coarse and a relatively fine scale levdle driving forces are modelled at the relativebarse
scale level, while at the fine scale level locattgrams are modelled, taking into account local trasts
and limitations. An example is the CLUE-model (Marp, 2000). However, the interaction between scale
levels is based on correlation patterns rather dmaoausal patterns. This quasi-static methodpsasally
useful for the short time horizon, and but les$osdhe longer time horizon. Based on this analg$isow

to deal scaling in current IA-models, it is propdde strive for combinations of the above methddss
because of the complementarity of the various nithevhich makes it possible to combine these meathod
In concrete terms this means that simple IA-modelsld be built which combine a causal grid-cell
approach and a correlative multiple scale appréBotmans and Rothman, 2003).

Stakeholder involvement

A final challenge relates to the involvement okstaolders in the process of model development aodkin
usage. In this process of interaction we can @jsish three types of stakeholders: (i) stakeholdesrs
advisor, using the knowledge and expertise of stakeholdsraell as possible, both ex ante and ex post,
but in both cases the stakeholders directly infteethe modelling process; (ii) stakeholdersisesr There
may be strategic reasons, political reasons, k=g atucational or moral reasons for using IA-madels
Preferably the potential user is already involvedhie design of the IA-model at the conceptualestéig)
stakeholder aactor, where an attempt is made to incorporate the di;mbahaviour of stakeholders in the
model. We then speak of agent-based models, simglabhe dynamic, cognitive behaviour of both
individual and collective (institutions and orgaatisns) actors.

We will develop examples of each of the three dtalder-based IA-models. In particular experimenits w
be conducted with agent-based models, building renipus attempts to model agents, such as the EU-
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FIRMA project (Valkering et al., 2005). In the casfeagent-based models the rationale is to reptében
dynamic behaviour of agents by a set of rules enoite hand (rational behaviour) and by the intemact
with other agents (emergent behaviour). Prototyae® been developed which contain agents thatadan t
autonomous decisions, and are equipped with gbel&fs and social norms, as shown by van der Veen
and Rotmans (2001). The physical part of an I1A-nhede be combined with the actor-part, where tlere
mutual interaction between the two subsystems.

The latter, most active involvement of stakeholdar$A-models is interesting, because stakeholders
recognise and reflect on their behaviour, whicregesented in a simplified manner in IA-models.

5 A two-track strategy for ISA-tools and instrument S

We have pointed to the need for robust, (semi-)ttadive tools to support the development of ingtgd
sustainability policies, and that such tools needhé developed so as to be of most use to the ergerg
research context of Integrated Sustainability Assent (ISA). The overall challenge is to improve th
current tool kit available for conducting Integrtgustainability Assessments. The current toaliéés not
meet the needs of sustainable development. Contplemd multi-dimensionality cannot be fully covered
by the current portfolio of ISA-tools. We therefoneed new tools and instruments rooted in a new
paradigm that enable us to quantitatively assesarthltiple dimensions of sustainable development, i
terms of multiple scales, multiple domains and mpldtgenerations. Although a new paradigm is on the
horizon looming and its contours are gradually Ipgiog clearer, it will take a while before it can bsed

to implement practical tools. On the other handdar’t want to lose contact with the prevailing g,
making use of the current portfolio of ISA-toolsdanstruments as efficiently and effectively asgioke.

We therefore propose a two-track strategy for imprg the current ISA-toolbox for conducting Intetga
Sustainability Assessments. The first track inveltke interlinkage and improvement of existing ISA-
tools: this involves the use of a portfolio of éxig ISA-tools in a more creative and coherent nesnn
while also adjusting and improving them. The immnments need to be guided by priorities and needs as
identified by stakeholders. The second track cargdre development of new ISA-tools: this involtes
development of co-evolutionary, stakeholder-oridntexplorative, and more integrated ISA-tools, gsin
past and current experiences as important guidduté. tracks can be run in parallel mode, and ceme
reinforce each other.

In terms of organising this two-track strategyisiimportant to organise both tracks as a soceainiag
process, where stakeholders learn from ISA-analygtere ISA-modellers learn from ISA-users, where
policy makers learn from ISA-analysts in an optimvaly. This can be realised by taking three prirss

a starting-point: (i) setting up a cyclical andrdtitve framework, in which learning, interactiondan
feedback are crucial elements, where past leareipgriences form the basis for best practice rides
ISA; (ii) seeking the involvement of stakeholdansan early stage and in a structured manner, byehct
engaging them in the improvement and developmeifsAftools; and (iii) building up a user community
by using the notions of co-development and reflexiwutual learning with potential users, varyingniro
policy makers and policy analysts to practitioresnd scholars.

B.1.2. Track I: Interlinking and improving existing ISA-to ols.

This track will use a portfolio of existing ISA-tlsoand methods in a more creative and coherent enann
while also adjusting and improving them, in ordetetter enable current policies and programmeseto
assessed. To overcome the deficiencies and lion®tdf current tools for sustainability assessmiens,
necessary to inter-link them. This enables estomadf how policies contribute to specified susthility
targets, and it allows assessment of the distart@elen a future projection and specified sustalityabi
targets, and exploration of the reasons for any bepveen them. There is also much room for
improvement of current ISA-tools and instrumentsparticular the limited level of integration betvethe
various subsystems and the high level of abstractfdhe processes represented are facets thattméded
improved.
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An overall challenge is to use ISA-models in cowjion with sustainability indicators and scenariasd

to provide them with an appropriate and adequatécjatory setting. For instance, a hierarchicatl ar
framework of indicators might be dynamically linkedlAMSs; in this way, indicators can serve as cdd

to communicate IAM results and as a basis for mappesponse strategies. ISA-models might also geovi
scenarios with quantitative rigour and accuracyemghs scenarios could provide communication vehicle
for models (as tested in the EU-VISIONS projecan(Msselt et al., 2005)). Existing ISA-models coléd
used in a participatory context (as tested in thelEYSSES projects, Kasemir et al., 2003). Systénat
uncertainty and risk analyses performed with ISAdele can help in conveying the nature of the
uncertainty and provide a link to different riskagégies.

And finally, different kinds of ISA-models could lreterlinked. ISA-models that could be interlinkechge
from integrated system models, macro-economic rated models, general equilibrium models to Input-
Output models. A common link between these are maafiows between terrestrial land surfaces (retur
or artificial ecosystems) on the one hand, and musacieties on the other. Questions to be pursued
concern (1) the impact of human economy on natamdl agricultural systems and the potential forrthei
sustainable use, (2) patterns of flows and theieq@l transformations through the economic sysaeih
(3) impacts and options of policies relevant taausbility. The few experiences from the pasthsas the
coupling of the IMAGE 2 model and Worldscan mod€in{mer et al., 1995) show that a successful
interlinkage between ISA-models is far from triviBut can generate a considerable added-valuehéor t
models involved. Both conceptual and technical lerols need to be solved by interlinking differenfiS
models, requiring agreement on spatial and tempmratrage, spatial and time resolution, basic saena
assumptions, etc. Model interlinkages will be piblder their improved ability to provide hindsight
(verification of model relationships using histalicata), foresight (extrapolations based on pastds)
and insight (identification of ‘missing links’ wheexisting models are apparently inadequate toagxpir
illuminate current problems).

B.1.3. Track Il: Developing new ISA-tools and methods

To address the complexity of SD we need to deviilemext generation of ISA-tools, in particular trest
generation of IAMs. These should handle multiplales, in particular micro-scale dynamics that ceal d
with the dynamic behaviour of actors, and are matea new paradigm, that is rooted in complexesyst
theory, evolutionary economics, multi-level goverca and multi-agent modelling. It can be descrilved
terms of common characteristics: (i) better intégraof science; (ii) co-evolution of subsystemsdan
underlying driving forces; (iii) more explorativéaan predictive; and (iv) more demand (stakeholder)-
oriented than supply-oriented. New concepts areeckevhich are based on the above characteristitseof
new paradigm. An example is the transition cond®&uatmans e.a., 2001), which enables us to unravel
complex societal patterns of transitions in terifinsnoe, scale and actorsransition modelsre models that
describe and explain radical changes in betweendgeof dynamic equilibrium. This requires a comple
systems representation rather than an integratsterag description. Transition models do exist, i.e.
simulating demographic or technological transitpatterns (Hilderink, 2000; Barker et al., 2002)t bat

at the level of a societal system, i.e. for thacadpural, transport or energy system, or at thg lgvel. A
systemic representation of the driving forces, aysthanges, impacts, feedbacks, potential locladrts
lock-outs is developed per selected transition.sThystemic representation of transitions contains
gualitative and quantitative causal relationshipsMeen stocks, flows and agents. It also allowsafseeries

of experiments that yields insights into the positng of the transition in question in terms of gfease in
which the transition is, the co-evolution and ere@xe of processes at different levels, the natuceange

of the transition phase at the different levelg tre self-organizing ability of the transition daim So the
transition concepts of multi-phase and multi-lege@btmans et al., 2001) are tested within the corple
systems representation of each transition. Thelesigd is to detect historical, current and future
transitional patterns which consist of emergingcpsses, autonomous trends, surprises, market forces
institutional changes and actor-oriented actiofisc@evolving with each other. In a similar manner
transition scenarioscan be developed: future patterns in which traosdi patterns are interwoven,
including unexpected events, surprises and disuoitigs. Transition scenarios differ from most ey’
scenarios in the sense that both the analyticaleabrand process context is different (SondeijRe06;
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van Asselt et al., 2005). Again, the transition dom should be the focus for the scenarios to keldped:
scenarios for agriculture, energy, water, transpod spatial use.

Because developing new ISA-tools is a time-consgnaiativity, our strategy is to work in a step-wise
fashion: first conceptual models and modules véldeveloped, then these modules/conceptual modeéls w
be implemented and tested in case studies, an@ssfat these modules can be incorporated in egistin
ISA-models, gradually evolving into the next getiera of ISA-models. In developing new ISA-tools,
learning from past experiences, both in terms itdifes and successes, plays an important role.efdwer,
the guidance from activity 2, providing a set oinpiples, priorities and needs for the next genenabf
ISA-tools, is of crucial importance.

6 Implementation strategy for ISA-tools and instrum ents

Developing ISA-tools is challenging, but implemagtithem successfully is even more challenging and
might be cumbersome. The implementation of ISAdaeluires a sensible strategy that is built upfawa
pillars, which are briefly described below:

Contextualising ISA-tools

First of all the context in which ISA-tools are dseeeds to be studied and defined. This involves an
exploration of the demand and supply side for 188l¢. On the demand side this includes an exptorati
of the usage of ISA-tools in relation to differefdmains and contexts of application, including imtgot
institutional factors at the science-policy intedathe complex mechanisms that shape policy-making
terms of actors, interests, preferences, informatieeds and what the role of ISA-tools should be @
supply side this requires insights into the scfenpotential of the ISA-toolkit currently availadl A
systematic inventory of ISA-tools is needed, inahgdtools and methods that are available but naelyi
used in the policy arena, and including criticgbgiadeficiencies and overlap between tools and austh
This has been done within the EU-project Sustalita4i-Test (de Ridder et al., 2006).

Guidelines for developing and using ISA-tools

A following aspect is that the lessons and priresplearned from past |A-experiences need to be
formulated into guidelines, backed by examples estlpractice and appropriate use. There is a reed t
clarify to prospective ISA users and practitionadsat methodological options and tools are available
which principles are appropriate for selecting aghdhese and how factors pertaining to applications
domain and context might best be handled in thecieh process. This may be achieved through the
development of “best practice” guidelines for ISapable of providing design principles and guidamce
how different ISA-tools can be interlinked and gri&ted flexibly according to the application neeul a
context. Different authors have already addressedssue of developing guidelines for good IA pict
(Rotmans, 1998). Often it is distinguished betwapalytical criteria, methodologicatriteria and criteria

for quality in terms of usabilityThere already exists a wealth of tools and apprescthat will constitute
important elements of a coherent ISA guidance &oml associated portfolio of tools. But there asoal
significant gaps to be filled and consistency cletk perform (to ensure compatibility of individual
elements in terms of data, assumptions and undgrlgiinciples), and innovations needed in tools and
methods to address the full complexity of sustdmaevelopment. Achieving take-up of such a franmwo
from stakeholders and ISA users will be vital. Tlaquires a co-learning and co-development apprt@ach
the research (working closelgnd interactively with users and stakeholders) togethih the wider
dissemination of the ISA knowledge-base developed.

Experimenting with ISA-tools in case studies

In order to test improved and new ISA-tools we naegt of case study applications. The case stodies
to be selected carefully in order to exemplify ptio substantive policy issues and urgent analitica
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challenges that face ISA-tool development. The caiadies also need to be linked, allowing for the
possibility for further integration by consideririgteractions between them. The case studies need a
common format and a common working mode. The compase study format addresses the following
aspects: (i) what is the deeper-lying problem immge of non-sustainability?; (ii) what are the uryieg
driving forces and potential impacts?; (iii) whigisions, solutions, outcomes have been producemth®rs

in the past? And in terms of methodological asp#dwatsformat addresses: (iv) what kind of ISA wié b
performed in the case study?; (v) which ISA-toaa be used in the case study?; (vi) what is treeabthe
various stakeholders in the case study?; (vii) varatbase line assumptions and common methods to be
used in the case study?

The case studies will provide not only a testingugd for the new and improved ISA-tools, but wika
provide both substantive results of value to stalddrs and a body of best practice examples. Fekdba
from experiences in the case studies will be usddrther adjust and improve the ISA-tools and rodgh

Dissemination and capacity building

Learning, interaction and feedback are crucial el@sin the development of the next generatiorSeéf- |
tools. Obviously, dissemination of these learnirgeziences and feedback is of crucial importancehé
spirit of the new paradigm underlying the new IS#8is, in which knowledge development is a co-
production process, the involvement and engagenwéntsstakeholders throughout the process of
dissemination and capacity building needs to begsefrded.

Dissemination activities are often limited to thabfication of technical reports and are subsequentl
distributed with the help of standardised mailirsgsl. To achieve the desired impact with the staldsdrs,
the basic rules of communications have to be falldwReach the right people, at the right time, viliid
right message using the right means (communicatiamnels).

However, the dissemination process should go beyloadraditional dissemination strategy of prodgcin
reports, books, publications or websites. A majant pf the dissemination strategy deals with thiévac
participation of users and other stakeholders irdeeloping ISA-tools, and internalising the ISA-
knowledge and expertise that arise out of thisigpatory process. The ultimate aim is that thevact
involvement of users and stakeholders will leacnoactive social learning process, which will iethce
the wider development process of ISA-tools and oagh And finally, the next generation of ISA-models
will be used by the next generation of scientistd atakeholders. We therefore need to train yo@#y |
scientists to build a future community of experigthcpractitioners capable of implementing ISA in
accordance with the ambitious vision for ISA set earlier.

7 Conclusions and recommendations

The overall challenge is to assess sustainabititth@ global, national and local level, using thestb
available current ISA-tools in a more coherent amdrlinked manner, while also developing new ISA-
tools. In this way the current paradigm can graguaolve into a new paradigm that better reflabis
complexity and multi-dimensionality of sustainablevelopment. This new paradigm is rooted in complex
systems science with principles of co-evolutiongesgence and self-organisation on the one handjrand
mode-2 science principles on the other hand, reftem the notions of co-production of knowledgenn
linear knowledge production and social learning.

In order to implement this two-track approach wepmse a cyclical and iterative procedure, followihg
principles of adaptive management and learningt Rasning experiences with ISA-tools form the basi
for the guidelines and best practice rules for 88\ development. Because we need a variety of ISA-
tools, they are tested in case studies, whereethdts form the input to the further developmengxibting
and new ISA-tools, and further sharpens the gudsliand best practice rules. These are then ugéé in
case studies, which in their turn feed back ineodbvelopment of ISA-tools and methods, etc. Otshiqu
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dissemination of these learning experiences andbBek is of crucial importance in this cyclical and
iterative process.

Overall, this proposed ISA-tool development stratéglows a learning-by-doing and doing-by-learning
approach, which is a risky but highly challengitggy.
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