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Abstract

Human activities change the environment on a gltdhadl. Global modelling is used to derive
insights in the interactions between humans anul émironment. However, the possibility to
validate those global models is limited. In faabp tlittle information is available, many
subjective assumptions are made and a single noadelot cover all relevant scale levels and
processes. These limitations already appearedeirednly seventies. Current global modelling
activities still deal with the same dilemma’s, often the same way as the strongly criticised
world models of the early seventies. We sketch somsent developments which can help to
manage the persistent dilemma’s. We focus on theotiglifferent modelling paradigms and on
the use of different world views to analyse the ssmuences of subjective assumptions to be
made in global models.
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1. Introduction

The history of humankind is a continuing recordndéractions between peoples' efforts to improve
their well-being and the environment's ability tastsin these endeavours. Environmental
constraints led to innovations and social develogmas well as social stagnation and human
suffering. While the interactions throughout mokhistory were on a local scale, during the last
decades mankind has become aware that the comyexitincreasing scale of the interactions are
demanding new forms of environmental managemeiplBéave become aware of various new
threats for mankind, such as climate change, aiid ozone depletion, resource exhaustion, and
limits to the availability of food and unpollutece$h water. In fact, the globe is already changing
rapidly due to human activities (Vitousek, 1997).

One response from the scientific community toitteeeased influence of human activities
on its (global) environment is global modelling. ey accurate predictions for long term future
developments is inherently impossible. However, @®dan help us to show the interdependence
of the various activities and consequences in ame space. In that way models can be used to
communicate information and insights from the dtfiencommunity to policy makers and stake-
holders. A recent development in the efforts tgpsuppolicy-making and to stimulate the science-
policy dialogue, is the development of integrateteasment models (IAMs). These models
integrate simplified versions of expert models inotee framework. Integrated assessment models
have been used to support acid rain policy (e.gabet al, 1990) to address the climate change
problem (e.g. Rotmans, 1990, Alcamo, 1994, Nordhb2@4) and global change (e.g. Rotmans and
de Vries, 1997).

Current projects in integrated assessment modeadl@borate on a tradition that was founded in
the early 1970’s by the Club of Rome (Forrester,11®Meadowset al, 1972, 1974). Over the past
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20 years, numerous global models have been buthdnradition of system dynamics (Brecke,
1993). Those models were useful for their qualigatrather than quantitative results. But the
criticism on the validity and incompleteness of thedels in scientific circles made this approach
never get into the scientific mainstream. The wanddels were found to be based on too little
empirical data, have a too high aggregation lemdl iaclude many subjective assumptions of the
model builders. Risbegt al. (1996) wonder if the current generation of intéglaassessment
modellers ignore the parallels between world modélkhe early 1970’s and the current stream of
integrated assessment models as the world modetssedeavily discredited.

In this paper we address the validity issue obglanodels. We argue that the critique on
the earlier world models still holds for the cutragtivities in integrated assessment modelling.
However, there are various approaches to deal thighcritique. Some approaches to manage
uncertainty, complexity and incomplete informatare discussed in this paper.

2. TheWorld Models
The first generation of world models used the systiynamics approach as developed by
Forrester. According to the system dynamics aprodice world can be described by a
conglomeration of interacting feedback loops. Ouadlly, Forrester developed system dynamics
as a means of helping to solve management prollremsustrial firms (Forrester, 1961; 1969),
but he claimed that system dynamics can be apfgiedy kind of system, industrial, political or
social. In June 1970, Forrester gave a presentafitis system dynamics scheme at a meeting
of the Club of Rome. A sketch of the world systezsulting from the interactions with the Club
of Rome was published in 1971 (Forrester, 1971}h&éhmeantime resources became available
for a larger project which resulted in the book ltg1io Growth (Meadowst al, 1972).

The World 3 model of Meadows et al. used Forréstaodel, World 2, as a prototype.
They elaborated the world model and estimated malagions from empirical data which was
not done for the World 2 model. The World 3 modahtains the sectors resources, population,
pollution, capital and agriculture on an aggregatdal level. The “standard run” of the World
models is one of growth followed by collapse (Fgy). The collapse occurs because of non-
renewable depletion. The industrial capital stoakg to a level that requires enormous input of
resources, more and more capital must be used tionothose resources, leading to less re-
investments and finally collapse of the industbhate. Population decreases when the death rate
is driven upward by lack of food and health sersice

Although it was recognised that there are vargh@tcoming in the model, Meadows
al. say:

We feel that the model described here is alreadficgntly developed to be of some use to
decision makers. Furthermore, the basic behavioodes we have already observed in this
model appear to be so fundamental and generalwlgatio not expect our broad conclusions to
be substantially altered by further revisiofMeadowset al, 1972, page 22).



population

industrial production
- - = -resources
— — food

pollution

1900 2000 2100

Figure 1. Standard run of World 3

The publications of the World 2 and 3 models caladi with the increasing interest in
environmental degradation due to human activiflége report had a large impact on the public
debate.
It also received a lot of critique. Nordhaus (1978) example, classified the approach of Forrester
and colleagues as misleading while, accordingrtg hiwas not enough empirically tested and did
not fit within the mainstream economic approachdse Science Policy Research Unit of the
University of Sussex carried out a project to asmlthe world models (Colet al, 1973). Their
main conclusion was that due to the scarcity avasht empirical information, relationships in the
world models are subjective. Given the uncertahtaher sets of equally plausible assumptions
can lead to a complete different picture of thereitIn fact, a parameterization of the model can b
derived which lets the industrial output, resourse and pollution grow without limits. The Sussex
group argues that the outcomes of the models egelyathe mental models of the researchers:
Malthus in, Malthus ot

If we gather the critique on these world moddisg¢ categories can be distinguished:
- Uncertainty: incomplete knowledge about procesksgls to subjective assumptions on
relations like pollution affecting health and ecomo growth lowering birth rate. Moreover,
subjective assumptions are made on e.g. technalodevelopments and the availability of
natural resources.
- Complexity: To manage the complexity of changeditierent scale levels the world models
are aggregated into a single region which is togregated to be useful for policy makers.
Moreover, there are essential differences betwegioms which makes a lower aggregation level
necessary.
- Incomplete Information: The available empiricafarmation is too scarce to calibrate or
validate the models according to scientific staddar

2 Almost two centuries ago economist Thomas Maltaw food production as a land-limited resource ¢bald
not possibly be increased quickly enough to keaje péth a growing population.



3. Integrated Assessment Modelling

Due to the strong criticism on the early world medglobal modelling did not became a main-
stream scientific activity although various oth&bgl models were made in response to the early
ones. These new models try to use different tedesiand aggregation levels (Meadows, 1985).

Recently, a new approach to global change hasgeheintegrated Assessment. It is felt that this
approach could help prioritise policy making ansesech activities and get insight in uncertainties
and missing links of knowledge. It is used in acess whereby knowledge from a variety of
scientific disciplines is combined, interpreted @edimunicated, with various stakeholders such as
scientists, policy makers and NGO’s involved. Téwsnplex, intuitive, and value-loaded process
cannot be performed with a single method; divergeraaches are needed, such as integrated
assessment models, policy exercises, dialoguesbetacience and policy, data analysis, scenario-
analysis and expert models. This may increasedbestness of insights and conclusions of the
assessments.

The generation of models currently known as irttegl assessment models started with focus on
the acid rain issue. The RAINS model (Alcaetoal, 1990), which was developed and used to
address the contentious issue of acid rain in Eyra@as one of the more successful among these
earlier studies. More recently, the challenge obgl climate change has prompted the development
of models such as the IMAGE model (Rotmans, 199€ao, 1994); the DICE model (Nordhaus,
1992); the MERGE model (Manret al. 1994) the PAGE model (Hopet al, 1993); ICAM
(Dowlatabadi and Morgan, 1993) and TARGETS (Rotnaantsde Vries, 1997).

In general, integrated assessment models trysiiribe quantitatively as much as possible of the
cause-effect relationship and the cross-linkagdsraaractions between the elements of the system.
More specifically, integrated assessment modelglaibal change are designed to analyse this
phenomenon from a synoptic perspective. Althoughetlare some serious attempts being made to
construct an integrated model of the Earth’s atmesy hydrosphere, and terrestrial biosphere
(Fisher, 1988; Krapivin, 1993), it is conceptuadlyd technically not yet possible to link, let alone
integrate, a variety of complex, detailed and taieeensional models. Therefore, it is often more
appealing to make use of reduced versions for eachponent of the integrated assessment
framework, which are small enough to be comprebémsilexible, and easily linked to one
another. A metamodel is a simplified, condensedioerof a more complicated and detailed model
(expert model), which provides approximately thexedehaviour as the expert model from which
it is extracted. There are various methods for ldguag metamodels, which vary in complexity,
ranging from fully parameterized models to procassated models. A manageable approach is
then to use the core knowledge of the various éfiedals in an integrated framework. Interlinking
the resulting metamodels requires the definitionooé single conceptual framework, so that
harmonisation can be obtained with respect to gadjien level, temporal, and spatial scales.
However, this approach still faces the same problesithe world models of 25 years ago:

- There is much uncertainty on various basic m@tathips. Therefore, the assumed relationships can
not be validated objectively.

- The different scales which are used in integraieskssment models are subject to discussion: a
high aggregation level makes it of less use forcpahaking and more difficult to validate against
more disaggregated expert models; a disaggregaiddims more difficult to manage and may give

a false impression of accuracy.

- Whatever the aggregation level, there are notugimoempirical data to calibrate models
satisfactory, let alone to validate the models.

Despite these problems we want to address theityatiithese models. Given the difficulties we
first will discuss the kind of validation one migitpect.



4. Arelntegrated Assessment M odelsvalid images of reality?

Validation can be subdivided into two different égp The first is practical validation, which
concerns the outcomes of the model as comparebsenational data. The major difference with
calibration is that the comparison should be based new set of data, which lies outside the
calibration pathway. Wherever possible, independatd sets and observations are used to validate
components of integrated assessment models. HowalNethe available data may already be
needed for calibration of the models, so this kifidvalidation is rather limited for integrated
assessment models. In fact, we can only performerperiment to test the integrated global model:
reality itself.

The second type of validation is conceptual véaa to test whether the model represents the
real system. This implies that the internal strrectof the model is tested, i.e. whether the comscept
and theoretical laws of the system under considaratre interpreted and represented in a sound
way.

Because our empirical record of processes on litlealgscale is far from complete and by
definition only one experiment can be done, valabf a world model by empirical data is a
mission impossible. Moreover, the large uncertaininake it possible to construct various plausible
but contradictory explanations about phenomena.eikample, the missing carbon sink, which is
the amount of carbon which is taken up from theoafhere by the terrestrial biosphere and/or the
oceans is a highly uncertain quantity which alldevsvarious descriptions with different results
(Schimel et al, 1995), and different policy recommendations. Aeotstriking example is the
discussion about the timing of climate change pesdicAccording to the bottom-up engineering
studies there are many opportunities to cut thesgons at zero or negative costs, while the top-
down macro-economic analyses find that every amiuitipolicy to reduce emissions compared to a
no-policy reference case will cost up to varioascpntages of the GNP (Grubb, 1996).

Validation of global models seems to be an agtifuitl of value-loaded judgements. We argue
that validation of global models should make thepext of global modelling transparent and
explicit. We use the following framework to worktdhis statement.

5. A Framework of interacting levels of model reality

By integration one should bridge what is usuallfemed to as domains of natural and social
sciences. A useful approach is to distinguish theeels of complexity which differ with respect to
the degrees of freedom of the system elementspanilly as a consequence of this, with respect to
the nature of our knowledge about them (De Vri@941 Figure 2). The relevance of distinguishing
these three levels is that it allows an explicgcdssion of the concepts and methods used in
integrated assessment, and their differences.

The first level consists of physical reservoirg #ows which correspond partially to observable
reality. Model variables, at this level, usuallyban explicit and formal correspondence with real
world observable phenomena. At least in princiile, laws of physical, chemical and biological
science hold, e.g. conservation of mass and endigy. next level maps the behavioural and
informational structures which govern human intenfiee in the underlying physical environment.
Such behaviour is described by information-dependets of rules. The rules describe actors,
varying from individuals to multinational companiasd institutions. Models of actors are usually
meta-relationships based on correlation analysia dimited sample of data. The third level
comprises values, beliefs and ideas that refledtrationalise people’s behaviour. Policy issues
arise at the highest level, so that at this ldwveldesign of macro-oriented policies enters theesce
Generally speaking, this level is merely includedniodels in the form of response variables chosen
ex ante The normative dimension and decision-making @eeg, also at this level, are not - and



mostly cannot be - included in quantitative mod@le. need to search for complementary methods
to address those aspects and nuances of humas.value

These three levels of complexity are of coursg ansimplified representation of a continuous
spectrum. Its use, however, may help to communitetie'strong’ science, generating statements
on the basis of controlled experiments, only coeelisnited domain of the physical environment
and an even smaller part of the levels of behavamat values. Many of the controversial issues
related to global change, for example, are rootdihited understanding or ignorance about certain
physical phenomena. This gives rise to quite distinterpretations of observations about the
physical environment, thereby supporting confligtimodels of how this part of the world
functions. Such uncertainties may be resolved i@nse proceeds. However, there will always be
competing explanations of real-world observatiortsctv in turn can be used to support one’s
behaviour and one’s beliefs, values and prefereesgecially at higher levels of complexity.

Another facet of this complexity axis is thatlibevs an explicit discussion of the concepts and
methods - as well as their differences - usedenngtural sciences and in the social sciences. The
former use the techniques of differential and irdkgalculus to describe physical and chemical
processes in environmental compartments, but tlseyhave to deal with uncertainties as soon as
the applications are outside the realm of contloBxperiments, The latter are used to large
uncertainties in describing (human) behaviour aakeloften employed models from the physical
sciences as analogues for the construction of hgsat (De Vries, 1989). The science of ecology is
somewhere in between the first and the second ¢té\l@ure 2 which has given it a great heuristic
role in modelling global change (Clark and Hollid§85). In the last decades, the search for new
methods and approaches to bridge the gap has ifrdensSystem dynamics, applied general
equilibrium and actor-oriented models, cellularoawita and genetic algorithms are some of the
tools that have been applied more recently.
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Figure 2. Three interacting levels of modellinditggbased on De Vries, 1994).



Summarised, we can at least distinguish two aspédtse construction and validation problem of
global models. Firstly, global models integrateimas parts of reality into one framework. This
process is an interdisciplinary activity where nmaieconomics and natural science interact with
each other. We will analyse how successful thiegration of disciplines is in some current
integrated assessment models. Secondly, we wilke havclose look at the subjectivity of
assumptions. Often there are different plausiblglagations which can explain our incomplete
knowledge of reality. Therefore, we may clusteruagstions within the model according to
different world views in order to construct diffateplausible explanations of the past and plausible
long-term scenario’s for the future.

5. Integration in Modelling Global Change

As was discussed in Section 3, global modellingmerged during the early 90’s as integrated
assessment modelling, partly because of the impaetaf the global climate change problem. We
will use this problem to address the question wéregfiobal models do really integrate knowledge
from different disciplines.

Although it was known for more than a century tthet increasing use of fossil fuels may lead to
global warming, it took until the mid 80s beforeiaternational scientific consensus has developed
on the issue of anthropogenic climate change asi@us problem. The problem of climate change
rapidly moved to the political agenda. In 1987 thiergovernmental Panel on Climate Change
(IPCC) was established to assess the issue ofteliomange and to report this information to the
governments. The IPCC is nowadays seen as theisagjan which co-ordinates an integrated
assessment of global climate change. This assesmmaainly based on modelling studies, varying
from expert models up to integrated assessmentlmode

The IPCC established in 1988 three working grodp®e first was asked to assess available
scientific evidence on climate change; the secoasl W assess available environmental and socio-
economic impacts of climate change. The third veagotmulate response strategies. The three
working groups published reports in 1990 and 19P€C, 1990;1996). The first working group
was rather successful as they reported that it higidy certain that there is a human-induced
climate change. The influence of this report sténmis the fact that it was regarded as ‘scientific’
and hence detached from political bias, and froenstries of abnormal climate events across the
globe (Jager and O’Riordan, 1996). According taedé&md O’Riordan (1996), the other working
groups have had less impact:

“ The other working groups were far less succesgialtly because it is undesirable to separate
adjustment from impacts, and also to isolate amalfrem policy prescriptions. The fact that the
Russians chaired WG2 and the Americans chaired W&z3also politically dictated, and virtually
guaranteed that both groups would be ineffectiviefiorming the all important negotiation process.
It is also a sad reflection on the state of thaa®ciences at present, that their practitioneasigot
produce a coherent view of what causes climate giaam terms of human needs and wants and
associated economic and technological ‘drivers’atidhould be done about these, and what would
be the social, political and economic consequenCesipared with the consensus-oriented format
of the natural scientists, the social scientistgehbehaved in a more disorganized and non-credible
manner.”

This shows that the IPCC itself meets the diffieslto deal with the three levels of complexityeTh

first level, the physical system was successfulyseased. Although there are still many
uncertainties in the functioning of the climate teys, and although there are still too little
observations to measure with certainty the antrepiagcontribution to a possible observed climate



change, the assessment of the physical level ¢gmujokerformed fairly successfully because of the
formal laws in natural science and the correspatelehthe hypotheses with the observable data.
The second and the third level of complexity wess successfully assessed. Observational data
are less easily derived at these levels. For exgrhplv will economic development be affected by
a climate change or by measures to avoid emissibgeeenhouse gases? The information needed
to feed the models at these levels of complexigydarived by interpretation of different types of
data. This interpretation can be largely influenbgaubjective bias - world view - of the scierstist
What actually emerged in the working group 2 and & neo-classical economic approach to deal
with the assessment of the impact of climate chahgece the costs of climate change, and to
provide response strategies, hence cost-beneftegies. However, many other approaches from
social science to assess the impact and resporaegsts, such as political science, ethics,
technology assessment, ecological economics anohsavere consequently less visible in the
assessments of the IPCC. A probable explanatitheoflominance of the neo-classical economic
approach is its strong mathematical ‘scientifighagach. Nevertheless, the model dominated IPCC
assessment led to two streams in global modeling:which is rooted in natural science and one
which is rooted in neo-classical economics. Unfuately, these approaches are not always
consistent with each other. In order to illustthis conflict we use the following two “cartoons”.
The neo-classical economic model can be charasteby the following description (Figure 3).
Given is a rationally behaving agent who maximigesiscounted sum of consumption for the
coming 100 or more years. Decisions will be madé@n much to consume and re-invested, and
how much emissions will be reduced at costs wdivehg economic growth. On the other hand
climate change may also lead to a reduction ofnecdn the longer term. Economists formulate
integrated problem as an optimisation problem ddrs® resources. In order to derive the
mathematical optimum one often simplifies the dpesion of the system. A consequence of such a
simplification might be the incorrectness of theutleng description of the natural system.
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Figure 3: An integrated model from the perspeatiiveconomics

The natural scientific model can be characterise@ aimulation of the consequences of human
activities (Figure 4). Given the emissions of ghemrse gases and possible other activities such as
land use changes, the changes of the natural systée various components is simulated by rather
complex models. Although it uses a more reliabkrdption of the natural system, it does not take
into account the consequences of a climate chamg@man activities nor the dynamics behind the
activities e.g. prices.
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Figure 4: An integrated model from the perspeaiiveatural science.

An overview of prominent models in the field ofegtated assessment modelling of climate change
is given in Table 1. It clearly shows the maineliénces between the approaches: the level of detail
and the treatment of decision making.

Table 1: Summary characterisation of integrateceasment mode{based on Rotmans and
Dowlatabadi, 1998

Model A B C D E = G
Economics
DICE 0,1 0 1 1 0 1 0
RICE 0,1 0,1 1 1 0 1 0
CETA 0 0,1 1,2 1 0 1 0
MERGE 2 0,1 1 1,2 1 0 1 0
Natural Science
IMAGE 1 0,1,3 0 0,2,3 1 1 1 1
TARGETS 1 0,1,2,3,4 0 1,2,3,4 1 1,2,3,4 2 1,2
IMAGE 2 01,2,3 3 0,2,3 3 12,3 1 1
MiniCAM 01,23 2,3 12,3 3 0 1 1
GCAM 01,2,3 2,3 12,34 3 0,2 1 1

Notes

A: Forcings: 0 = CQ@ 1 = other GHG; 2 = aerosols; 3 =land use; 4hewn

O MMUOW

: Geographic Specificity:0 = %Iobal; 1 = contiten2 = countries; 3 = grids/basins

. Socio-economic dynamics:0 = exogenous; 1 =@wigs; 2 = tech choice; 3 = land use; 4 = demodcaph
. Geophysical simulation: 0AF; 1 = GlobalAT; 2 = 1-DAT, AP; 3 = 2-DAT, AP
Impact Assessment:0 indexed; 1 = sea level rise; 2 = agriculture; &wosystems; 4 = health

. Treatment of uncertainty: 0 = none; 1 = baBis;advanced

: Treatment of decision-makin@:= optimization; 1 = simulation; 2 = simulationithivadaptive decisions

An integrated approach of integrated modelling migé the combination of the two different
approaches. The advantage would be that it wouldbow the strong points of each approach
although one should overcome the differences & scal modelling paradigms.



To be more specific about this difference we byiefescribe two well known and widely used
models: the DICE model of the economist Nordhausthe IMAGE model of the Dutch National
Institute of Public Health and the Environment (R

- DICE (Dynamic Integrated model of Climate and the Ecowp (Nordhaus, 1994) is an
optimisation model of the energy-climate interactimased on aspects of optimal growth theory.
DICE calculates optimal capital accumulation asl\aslgreenhouse gas emission reduction by
maximising the discounted value of utility from somption. DICE envisages the world
economy as producing a composite commodity assatiaith an initial stock of capital, labour,
and level of technology. Output is represented bstaandard, constant-return-to-scale Cobb-
Douglas production function in capital, labour aedhnology. Climate change may lead to
damage costs which reduce the growth of the ecanomtput. On the other hand, reduction of
emissions which cause climate change, may redwegribwth of economic output. Population
growth and technological change are regarded aml®iogenous, while the optimised flow of
consumption over time determines accumulation gbitaa Only one actor, the global
commoner, rules the world. This actor has perfecivwkedge of the system and optimises his
discounted utility of consumption. In a regionaksien of DICE, the RICE model (Nordhaus
and Yang, 1995), game theory is used to deterrhiménon) co-operative optima.

- IMAGE 2 (an Integrated Model to Assess the GreenhousetEfidlcamo, 1994) is a multi-
disciplinary, integrated model to simulate the dwies of the global-biosphere-climate system
(Figure 5). The objectives of the model are to stigate linkages and feedbacks in the system
and to evaluate the consequences of climate-relgt@tties. Dynamic calculations are
performed from 1970 to 2100, with a spatial scaleging from grid (0.5x 0.5 latitude-
longitude) to world regional level, depending oa ftubmodel. The model consists of three fully
linked subsystems: Energy-Industry, Terrestrial iEmment, and Atmosphere-Ocean. The
Energy-Industry models compute the emissions oérgreuse gases in 13 world regions as a
function of energy consumption and industrial prdhn. End-use energy consumption is
computed using various economic/demographic (exmg®ndriving forces. Each sector is
assumed to consume a certain amount of energyias=sbevith indicators like industrial and
service value added or GNP per capita. The enezgyadd can change due to autonomous and
price induced energy conservation. The activityelsyrelated to economic growth, are scenario
dependent. Fuel use depends on fuel prices andnitathconstraints. The Terrestrial
Environment models simulate changes in global er on a grid scale based on climatic and
economic factors, as well as on the flux of L&nhd other greenhouse gases between the
biosphere and atmosphere. The changes in landreiskeermined by the suitability of the land
and climate and the regional demand for food. TheoSphere-Ocean models compute the
build-up of greenhouse gases in the atmospher¢hancksulting zonal-average temperature and
precipitation patterns.
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A possible integration of the two approaches waaldceptually look like Figure 6 where Figure 3
and 4 are combined. This leads to a complex omiiois model which probably not be solved by
tradition techniques.
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Figure 6: An ‘integrated’ integrated moder.

Janssen (1997, 1998) has worked out this conceggpabach and has constructed a coupled model
(OMEGA), of the DICE model and the mathematicakesn version of IMAGE 1 (Braddoek al,
1994). The aim of Janssen’s study was to asses®tisequences of the simple description of the
natural system in the DICE model. Various othergpgmave assessed the limitations of the DICE
model by critiquing the inadequate descriptionhef tlimate system (Price, 1995; Fiddaman, 1996;
Kauffman, 1997; Schultz and Kasting, 1997). busdan (1997, 1998), and also Fiddaman (1996),
provide alternative approaches to integrate ecor®amnd climate change.

By substituting the IMAGE model for the three efipra description of the environment in the
original DICE model, Janssen derived a complexnapétion model which was successfully be
solved by different optimisation routines. A tydiexample which illustrates the consequences of
differences in describing the climate system isftitlewing, Suppose a policy target is formulated
as the stabilisation of the G@oncentration at a level of 400 pptm# number of experiments have
been conducted in which the starting year of niitigeis varied, using the starting years 1990,
2000, 2010 and 2020. Using the OMEGA model, theltesuggest that a delay until 2010 may
lead to a drastic reduction in order to avoid edoee400 ppmv (Figure 7a). If policy follows the

% The current level is 360 ppmyv, and the expecteel i@ 2100 if no additional climate policy is ingshented is
about 700 ppmv.



reference scenario until 2030, the concentratidhexceed the target level for about two decades.
In case DICE is used, the required reductions aceendrastic (Figure 7b), and the €O
concentration level exceeds the 400 ppmv concénirédrgets, of the enhanced mitigation policy
is not implemented before 2020 (Figure 7b). Thealteslso show that similar emission paths lead
to quite different concentration levels.

The explanation for this difference mainly dealshmihe constant parameters in the carbon cycles
equation of the DICE model. It is expected that¢agbon flow between ocean, atmosphere and
biosphere changes with changing atmospheri¢ @idcentrations. While the parameters in the
DICE model are estimated on historical measuremémsderived equation is only valid for a
limited amount of possible scenarios. In fact, Di€Bnly able to estimate future concentrations by
extrapolating historical behaviour. These constarbon flows are not valid according to our
present knowledge about the carbon cycle, and at way the DICE model is not a valid
description of the climate change system as wasaatgied by Price (1995), Kauffman (1997) and
Schultz and Kasting (1997). This means that thelwmsefit analysis of Nordhaus himself is based
on a invalid description of the climate system.uatlly, it are not the differences between the two
experiments that matter. Ignoring the state-ofatidenowledge of a significant part of the problem
should lead to rejection of the model.
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The optimization approach with the OMEGA model weregeview discussions with economists
not accepted as an alternative to the DICE modafurdl scientists favour the analyses with the
model to show the consequences of including a meaiéstic climate model. However, they prefer



a simulation approach where they can more easdlys@the consequences of human activities in a
detailed way. The economists do not see the retevahincluding a complex climate system while
it leads not to significant different conclusions fcost-benefit scenarios. That the results as
presented in Figure 7 differ significantly does nwdtter while it is found obvious that another
description of the climate system leads to othewulte. Furthermore, they prefer a simple
mathematical model in order to be sure of the nmadttieal optimality of the solutions.

Although the classification between economists @aimiral scientists is a rather artificial one, this
case study illustrates that one integrated globmdehmight not be the holy grail where we are
looking for. The early world model builders alscagnised the limitations of building one model of
everything. Forrester (1985) wrote in a memo in11%iat the integrated model itself is not the main
aim of the model builders:

In fact, for any particular real-life implementatiove can expect that there will be a series of
models simultaneously existing and simultaneouslheviolution. Different model will address
themselves to different issues. The various issilksvolve and become clearer. New issues will
arise which require a new model, or combinationsnadels which previously had existed
separately.

Rather than stressing the single-model concempjgears that we should stress the process of
modeling as a continuing companion to, and too] fbe improvement of judgement and human
decision making.

The dilemma of integrating the various disciplimg® one framework is currently recognised by a
number of groups in the field of global modellirigstead of building one integrated model a
number of groups develop an integrated framewordiftérent types of models. This means that
assumptions, scenario descriptions and in- andutautare linked between the models, but the
models themselves keep their special characteri€dften such a framework is developed as a co-
operation between various institutes, or varioysadenents within one institute. Examples of such
activities can be found at MIT (Cambridge, USAE RIVM (Bilthoven, the Netherlands) , Battelle
Institute (Washington, USA) and IIASA (Laxenburgjdria). For example, instead of integrating a
world economic model, the IMAGE team closely wodgdther with the Dutch Bureau for
Economic Analysis (CPB) who developed the World 80Aodel, a regionalised world model for
economic analysis. Joint scenario constructionoignd to be more fruitful and derive more
credibility instead of building it all into one meldand losing the special characteristics of blogh t
models.

7World Views

Uncertainty is often viewed as a statistical adgfalthough it can and should partly be traced to
different interpretations of reality. As noticedde, Coleet al. (1973) analysed the World 2 and

3 models and conclude that they are able to deatadly different conclusions if they change

some parameters and relationships of the world lead@ch may be equally plausible given the

scarce amount of data and scientific understandingnportant phenomena. It is therefore

crucial to acknowledge different interpretations retlity when one build models of issues

wrapped with large uncertainties. Therefore, itingreasingly common to use different

perspectives or world views in discussions onanable development to derive consistent
gualitative and quantitative projections (e.g. Dde¥, 1989; Rayner, 1991; Schwartz and
Thompson, 1990; Thompsen al, 1990; Colby, 1991; WRR, 1994).

Computer models are mathematical representatiomiseoental model of the model builders.

Because of the large uncertainties in global maugit is to be expected that subjectivity, in the



form of different mental models, can play a cruoide in the results of the modelling studies. A
guantitative application of world views is workedtdy the Global Dynamics and Sustainable
Development group of the RIVM (Janssen and Rotma®85; Van Asselt and Rotmans, 1996;
Rotmans and de Vries 1997; Janssen and de Vri€8).19he cultural theory of Michael
Thompson and colleagues (1990) is used to dersehame of different world views. Cultural
Theory can be used to describe the differenceglaviour of actors which is nicely illustrated
by the following example on the Brent Spar:

If there were only markets and hierarchies thendbkition that was agreed between Shell (the
market actor) and the British Government (the hienécal actor) would have come to pass, and
the Brent Spar would now be mouldering in its waigrave. It isn’t: it is sitting bolt-upright in

a Norwegian fjord. Greenpeace - an actor from ardhkind of solidarity (we call it
egalitarianism) - winged its way in, literally artdtally transformed the outcoméhompson,
1997)

The three ‘active’ perspectives from Cultural Theerthe Hierarchist, the Egalitarian and the
Individualist - can be integrated as the corners tfangle.

- Hierarchists believe that humans are born siifut,can nevertheless be redeemed by virtuous
institutions. Nature is stable in most circumstandait can collapse if it crosses the limits of
capacity. Therefore control is advocated as managéestyle.

- Egalitarians believe that human beings are bavadgbut also highly malleable by evil
institutions. nature is highly unstable, and thastehuman intervention may lead to complete
collapse. A preventive management style is prederre

- Individualists believe that humans are self-segkand unmalleable. Nature provides an
abundance of resources and is believed to remaltestinder human interventions. An adaptive
management style is advocated.

Of course, in the real world, actors rarely exptéss views in such a caricatural way. They are
in constant interaction and often have strategit public relations in mind as well. Moreover,
positions may be implausible or even inconsistehenvstakeholders share only part of the
underlying values and judgments. Nevertheless, filaismiework is found to be useful to be
applied in a global modelling framework. The basiea is that a set of heterogeneous agents
have all their own world view and preferred managetistyle (Table 2). We suppose that those
world views may change if the agents are confrontét a persistent pattern of surprises. If
agents change their world view, they are assumetidage their preferred management style as
well. In this way, one may simulate a kind of leaghmechanism on the side of the actors.



individualist hierarchist egalitarian

world view

idea of nature skill-controlled isomorphic nature accountable
cornucopia

myth of nature natural benign nature perverse/tolerant| nature ephemeral

sinful

concept of human self-seeking born good, malleable

nature

management style

driving force growth stability equity and equality

type of management | adaptive control preventive

attitude to nature laissez-faire regulatory attentive

attitude towards channel rather than restrict behaviour change social

humans change environment

attitude to expand resource base rational allocation of need-reducing

needs/resources resources strategy

economic growth preferred: aim to create | preferred: aim to avoid | not preferred
personal wealth social collapse

risk risk-seeking risk-accepting risk-aversive

Table 2: Characteristics of Cultural Perspectives.

We have applied this framework to the problem obgl climate change (Janssen and de Vries,
1998). A simple dynamic system is constructed wisahnulates the economy (investment
decisions and the degree of emission reductiond)tla® climate system. By making different
assumptions on climate sensitivity, technologicavelopment, mitigation and damage costs,
three different possible worlds can be construcBgpose the agents have perfect knowledge
and their world view fits exactly with the real ftioning of the global system. In this
hypothetical situation, so-called utopias can bastwocted (Figure 8). In the utopia of the
hierarchists, the economy grows at a stable rate58f/yr. The C@emissions keep increasing
in the short run, but the use of fossil fuels viaé# phased out in the longer run to avoid a
dangerous level of temperature change. This pdkagls to a stabilisation of temperature
change. In the utopia of the individualists, ecoimogrowth is on average above 2%/yr. Due to
limited efforts to reduce energy intensity, £€missions soar to over 40 GtC in 2100. However,
the insensitive nature of the climate system le¢ads temperature increase of only°@5In the
utopia of the egalitarians, economic growth is ald®a/yr which but CQ emissions are forced
down by a strong policy on energy efficiency anpghase-out of fossil fuels in the early part of
the next century. Nevertheless, global warming edsef C because the climate system is
assumed to be quite sensitive to human interference



N
o

X% 8 8
‘
m
m
\
\
\
\

-\

fossil CO2 emissions (GtC)
=
o

(53]

o

[N
©
©
o
N
o |
o
o
N
o |
=
o
N
o |
N
3]
N
o |
@
(3]
N
o 1
s
ol
N
o |
ol
al
N
o |
<2}
(3]
n
o |
3
ol
n
o |
3]
o
n
o |
©
o

»
3

w

[N
m
m

w
L
+

s r
[N
. , .
+ + +

temperature change (degrC)
N
= 3

It
3

— ———

0 e =T

1995 2005 2015 2025 2035 2045 2055 2065 2075 2085 2095

Figure 8: Projections of three utopias (EgalitafigR), Hierarchistic (HH) and Individualistic (I1))

If we include the more realistic assumption thagrag do not have perfect knowledge and that
their behaviour is biased by their world view, eas@ble to include, in a rough way, the possible
adaptive response to climate change in the forichahging world views and hence changes in
climate policy.

If is assumed that agents abandon their perspsctivehe event of a surprise, that is, if
observation differ from expectations, agents whbeae to a certain world view may switch to
another one if it can better explain the observeldaliour of the system. Again three kind of
experiments are performed, each with a differerdgcdption of the global system. In each
experiment agents start with a variety of possield views. Agents change in time their world
view, and therefore their management style whigudeto emission pathways and temperature
profiles as depicted in Figure 9. The expected sionsprofiles remain close to each other for a
long time period. Not until the middle of the nesgntury, the emission profiles begin to
bifurcate. If a severe climate change is experigneaission will decrease significantly but can
not avoid a high temperature change of aboliC2.51 case the climate system is insensitive to
antropogenic emissions, emissions increase shaftgy2040.
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These quantitative thought experiments illustrage consequences of assuming different views
on the global system. The approach of adaptivetageight be a useful alternative to the agents
with perfect knowledge (optimisation of control pots) and the agents without response
(simulation of the impact of scenarios of humarnviets). Furthermore, it shows the importance
of improving our understanding of social dynamics.

In the currerit development of IPCC scenarios a more comprehemgipeoach is used than in
former IPCC assessments. Those former IPCC scenfeggettet al. 1992) were rather simple
emission projections for different levels of ecomorand population growth (low, medium and
high). The current development of emission scesadre based on a number of storylines.
Different possible socio-economic, cultural anchtestogical developments are sketched such that
four consistent stories are constructed. Thesetajina stories will then be translated into diéfet
parameter values and relations within the computatels such that quantitative projections can be
derived. After quantifying the qualitative storgdis, a so-called open process will be started which
enables other modelling groups of various partshefworld to criticise the work of the IPCC
scenario group.

Such a ‘computer aided story-telling’ does inclugesome extent the diverging views and
controversial evidence about the impact from greasl gas emissions. Yet, there are still
important limitations in the IPCC scenario sessanh as the ignorance of a feedback of climate
change on economic development, together with rdifte possible descriptions of the
environmental system.

8. Conclusions

Global models can be useful tools to assess temstions between humans and their environment.
They can be used to explore the consequences sfblgsocio-economic, demographic and
technical developments on the state of the envieotpand policies to reduce harmful impacts. In
this way global modelling can be useful to supgmticy making with regard to sustainable
development issues. However, global models haaheer poor quality in the context of formal
validation of computer models: Not enough dataaaaglable to calibrate, let alone to validate the
global models; large uncertainties in the inforoatand scientific understanding leaves plenty of
room for subjective assumptions; models are ofieraggregate to confront the model with real life

* The authors are involved in this IPCC scenaricettjyment process.



data, and sometimes too detailed too acknowledgelithited understanding and information
available. In fact, global modelling is confrontedh the same dilemma’s during the last 30 years,
that is managing uncertainty, complexity and inclatgpinformation. This paper do not give the
ultimate solution to manage these issues succhsdiut we have extracted a number of lessons
from the past:

- It is the modelling process that matters, nottioelel itself.

- There is not one model of reality. Different misdesing alternative paradigms should be used.

- Explicit treatment of subjective assumptionssiseatial.

Global modelling, or integrated assessment modgli;one key element of integrated assessment.
The usefulness of models depends on the scientifadity of the models and the interactions
between scientist and policy makers. We focusetheriirst issue and conclude that no objective
judgement can be given on the quality of global eflod). However, explicit treatment and use of
different modelling paradigms and perspectivessgegtial to derive insights in the diversity and
complexity of global change. This insight can bangbortant use in decision making on shaping
the future of mankind.
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