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Within the CLEAR project a new approach to integrated assessment modelling has been developed for the participatory integrated
assessment of regional climate change involving citizens’ focus groups. The climate change decision problem was structured by focusing
separately on climate impacts and mitigation options. The attempt was made to link the different scales of the problem from the individual
to the global level. The abstract topic of climate change was related to options on the level of a citizen’s individual lifestyle. The option
of a low energy society was emphasised in order to embed the climate change decision problem in a wider range of societal concerns.
Special emphasis was given to the characterisation and communication of uncertainties. The chosen approach allows different kinds of
uncertainties in one framework to be addressed. The paper concludes with a summary of the experience made, and recommendations for
the use of models in participatory integrated assessments.
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1. Introduction a means for a unidirectional transfer of scientific knowledge
to the public. Their use in policy processes has been limited
In dealing with environmental problems, models play aup to now [4,5].
ever increasing role, in particular in the emerging field of Integrated assessment modelling and participatory inte-
integrated assessment (1A). IA has as its stated goal to inggated assessment (PIA) developed for a considerable time
grate the knowledge from different disciplines about an erather independently [3,5]. PIA assesses a broader context of
vironmental problem along the whole chain of causes asdcietal decision-making. Human participants are interact-
effects to provide useful information for decision-makersng with one another and with expert knowledge in a struc-
The construction of large integrated assessment models tied and decision-oriented setting. The integration com-
been the prevalent approach to achieve this goal. As farprises both expert and local knowledge.
the problem of climate change is concerned, a number of in- However, more recently, IA models have increasingly
tegrated assessment models have been produced up to been used in participatory settings (Jaeger et al. this vol-
(e.g. [1-3]). Most models address the climate change pralwme, [6,7]). In PIA stakeholders and decision-makers ac-
lem at the global scale. Many are based on the so-callidkly participate in the process of integration by contribut-
PSIR philosophy, in which a model includes the causal sigg their knowledge and assessments. The process of in-
quence and feedback along the sequence of pressure (¢egration comprises thus the integration of different kinds
fossil fuel burning and carbon dioxide productien) state of knowledge. This is particularly important at the regional
(e.g., global climate — temperature) impact (e.g., sea level scale since it has become increasingly evident that decisions
rise and its associated damages)response (e.g., mitigaterelated to climate change will be made at the regional scale
climate change by introducing a carbon tax). Such modelad will be driven by short-term considerations that are not
attempt to portray the complicated network of feedback amiirectly related to climate change [4].
causal relationships between natural, technical and socio-What is required is a new approach to developing appro-
economic systems. They allow, for example, the investriate model frameworks for a participatory integrated as-
gation of the efficiency of political measures and potentisessment at the regional scale. Such an approach has to take
unexpected feedback effects. Such model building exerciseto account that such models should be part of, and even
yield simulation results that may then be used in politicatructure, a dialogue between science and society. This idea
debates and also be communicated to the public. Much emust be reflected in the whole process of model building,
phasis has also been placed on accounting for uncertaintdesign and application. In the CLEAR project, the building
and elucidating their importance for decision-making. Dissf an integrated assessment information and model platform
ciplinary scientists may learn more about the relevance was, on the one hand, embedded in a research process com-
their results and the importance of their assumptions in gnising a number of disciplinary projects. On the other hand,
integrated context. As far as the interface between sciermtizens were included into the model building process at an
and society is concerned, these models serve in generakady stage.
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2. Integrated assessment of climate change at the shake hands for welcome). Rules enable individuals to form

regional scale expectations concerning the actions of others.

As far as the climate change problem is concerned,

Most regional analysis of climate change have been lira-process of social learning may encompass the improve
ited to considering response options for adaptation in gpent of the dialogue between science and society, scien-
der to reduce the adverse effects of the impacts of climdtsts and citizens in particular. Scientists hold expectations
change. This is not astonishing since the decision proble@iout the information required by society and the societal
if posed in a formal way, is not solvable as far as mitigatioperception of climate change as a problem. Citizens hold
options are concerned. expectations about the type of factual information provided

The PSIR approach is not app|icab|e to assess m|t|dal scientific eXpertS.lﬂ particular, the communication of un-
tion options at the regional scale because the causality aldigjtainties is crucial in such a dialogue.
the Sequence pressure (regional)state (global)_> impact On the other hand, social |earning may involve the Shap-
(global with regional manifestations) response (regional) ing of mutual expectations among different social groups,
is undefined. There is no direct relationship between indiviél 9eneral. However, consumer preferences, subjective be-
ual regional action and global climate change. If Swiss cii€fs about the nature of climate change and the perception of
izens reduced their energy consumption to one third of th&/Siness opportunities may change in such a dialogue. The
current value they could not prevent a regional increase [ffroduction of a new product, for example, depends on the
temperature and the disappearance of glaciers in the Sv¥gectations about the market volume. The price may de-
Alps brought about by global climate change, unless othgnd on the number of sales, decreasing with the number of
countries would follow. If one assumes further that any me§2/€S increasing. Such decisions involve elements of chance.
sures targeted at mitigation, such as a carbon tax, are alwRfSision-making may thus be viewed as a collective search
associated with additional costs, it is difficult to justify anyT0C€SS in opportunity space. Since both individual and col-
action at the regional scale. It is argued that costs (e.g., [REtiVe rationality are bounded, the search process is a local
creased energy prices) are experienced at the regional SORE: Its dlrectlon dependlng on mformatl.on., prior experi-
whereas benefits (reduction in damage arising from climg8ce and r_:ollectlve expectgtlons. Uncertainties are also_ cru-
change) are shared by all countries (OcCC, 1998). This ty gl here since they determine the degrees of freedom within
of argumentation is based on a cost-benefit approach to th an opportunity Space. . .
dress the climate change decision problem in which mitigg- Based on th_e Previous considerations, one can now de-
tion costs are justified by the prevention of damages. Co ice the following requwgments for.models for a participa-
benefit analysis provides a convenient and convincing frar’ntg-ry IA process at the regional scale:
work to structure the decision problem and to structure thg build interactive models that allow subjective assess-
exchange between the natural sciences determining impactsnents of risks and options;
and the social sciences viz. economics casting these 'mpagt%onvey all uncertainties that emphasise also the limits of

and damag_es in_tp quantitative mpnetary t_erms. ] scientific knowledge and convey the degrees of freedom
The applicability of cost-benefit analysis to deal with the ¢, choice:

climate change problem has been questioned (e.g. [8]). On _ . .

the one hand, the choice of the discount rate is crucial for emt_)ed the climate change problem into a wider range of
such an analysis and it exists no consensus about the appro§ocIetal concerns.
priate rate of discount. On the other hand, the numbers for
both costs and damage_s are highly uncertain_. They dep%,r_\d].he CLEAR platform
on a range of assumptions about the behaviour of natural

and socio-economic systems, assumptions that are not Unq meet the requirements for a PIA at the regional scale a

ambiguous. new type of model and information platform was developed.

Our approach to integrated assessment is based on a Refs CLEAR platform comprises three different components:
ception of decision-making that invokes processes of social

learning. Social learning is defined here as the mutual shap-IMPACTS dealing with causes and impacts of climate
ing of expectations of the involved groups. The shaping of change atregional and global scales. A major emphasis is
expectations depends on institutions. In the light of the new placed on the presentation and communication of differ-
approaches of institutional economics, an institution may be ent kinds of uncertainties [7]. IMPACTS emphasises the
defined very broadly as shared rules of human conduct. Forregional scale and a time horizon of 30—40 years. How-
example, while driving on a road one expects other drivers to €Ver, it provides also information about impacts at the
respect the red light and to stop. Without such shared rules global scale.

of conduct, living in a society would be impossible. Somes OPTIONS dealing with options to mitigate climate
institutions (laws) are enforced by legislation (e.g., traffic change at different levels of societal organisation. It em-
regulations). Others (customs) are shared by the membersphasises the option of a low energy society that embeds
of a society and evolve and change in a social setting (e.g.,the climate change decision problem into a wider range
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Figure 1. Process of integration in which the CLEAR platform was produced and applied.

of societal concerns. OPTIONS emphasises the natiotabls. They provide structured, interactive and descriptive
scale from the presence to a time scale of up to 40 yeaascess to this expert knowledge. The graphical user inter-
It attempts to embed individual action into the nationdhce of ICITs is targeted towards citizens with no expertise

and even global perspective. in using computers.
o The personal C@calculator allowing a citizen to explore _ [N contrastto IAmodels, ICITs are not used to make over-
options at the level of his individual lifestyle [9]. all assessments of climate change in a formal framework

based on simulation models. Therefore, ICITs can more eas-

It is evident, that impacts and options are not directlyy be complemented with qualitative information and can
linked and evaluated within a formal framework. The injjjustrate conceptual uncertainties. They convey qualitative,
tegration and the process of assessment take place in gjtiantitative and conceptual expert knowledge that is relevant
zen focus groups that were specifically designed for intgyr citizens in their assessment of the problem at hand.
grated assessment [10,11]. Figure 1 gives an overview of|C|Ts provide easy to handle user-interfaces for lay per-
the participatory process of development and application &bns. They are based on state-of-the-art graphical user inter-
the CLEAR platform and the integration of expert and locahces and are self-explanatory to a large extent. As the main
knowledge. Scientists and business experts were activelyfiinctionality of ICITs is to give citizens structured access
volved in the process of data gathering and the subjective &sa broad range of various information, we relied heavily
sessment of the state of the art knowledge on climate changgon the concepts of hypermedia systems and especially the
The ICITs were used already at an early stage in test foop®rid Wide Web to build the first ICITs for IA-focus groups.
groups with citizens to account for both the “supply” and the The approach chosen allows aspects of the climate
“demand” driven components of model development. Thshange decision problem to be linked across scales in time
CLEAR platform was used in citizen focus groups to disand space — short- and long-term, regional and global. The
cuss climate risks and options. The overall assessmentgefil is to embed the highly abstract climate change problem
the focus groups was summarised in so-called citizens’ fi@gto a citizen’s everyday life without losing the relation to the
ports (see Jaeger et al., this volume). The CLEAR platforgiobal and long-term. The personal g@alculator has the
is also available via Internet for the scientific community anghost immediate link to the individual citizen and his present
the public at large. This platform has further been used life and shows the available options for each individual in
education at high school and university. his daily life style irrespective of any costs. This way, the

To make a clear distinction to the established integrat@dportance of life style choices for energy consumption be-
assessment models used for simulations we decidedctime very tangible. The Calculator addresses the globall
call these hybrids between models and information syseale and ethical concerns by providing comparisons to life
tems ICITs, computer-based interactive citizen informatiastyles in other parts of the world [9].
tools [7]. Their purpose is to make decision-oriented expert Uncertainties are crucial when making an assessment of
knowledge on complex problems accessible and utilisalsisks and options. The higher the uncertainties the more
for citizens. ICITs can be composed of a combination of démportant are subjective perspectives for making an assess-
liberative expert judgements and formal simulation modelsment [12]. We did not attempt to implement scenarios for
The contents may have the form of texts, graphs, images, given perspectives into the CLEAR platform as was done in
imations and interactive simulation models and calculatidthe TARGETS model [3]. Our approach allows to address
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uncertainties of different kind that can hardly be handled all e The most important impacts at the global scale are de-
in a simulation model. The user can make a subjective as- scribed.

sessment based on his own perspective. ¢ Regional impacts are subdivided into effects on the

natural environment, on the likelihood of natural disas-
ters, on different sectors of the economy and on human
life.

IMPACTS deals with causes and impacts of climatq The information provided allows a subjective assessment
change at regional and global scales. Figure 2 gives an of impacts along different dimensions:
overview of the hierarchical organisation of the contents.

The different sections comprise:

4. Characterisation of impacts and uncertainties

e monetary risks that can in principle be quantified (e.g.,
damage due to extreme weather events, loss in eco-
nomic sectors, such as tourism);

o risks to personal health and safety (e.g., natural disas-
ters, migration);

risks to the environment that is part of cultural heritage
(e.g., glaciers);

e impacts at global scale that may affect Switzerland
(e.g., financial crises, migration, profit from economic
damage in other parts of the world);

e impacts at global scale that pose moral problems (e.g.,
poverty, catastrophes).

e Climate scenarios

e At the global scale a causes model allows a whole
range of scenarios for global temperature to be con-
structed by varying the driving forces.

[}
o At the regional scale the user can switch between a
range of scenarios that visualise the change of temper-
ature and precipitation in time and space.

e Impacts — regional and global for two scenarios — weak
and strong climate change

[Introduction
(limate _Scenarios
Global Climate Change

The perception and valuation of impacts depends crucially

|| TEMPERATURE SCENARIOS

gional Climate Change
Swiss Climate Models
Weather Conditions
STRONG PRECIPATIONS

mate Uncertainties

THERMOHALINE CIRCULATION
Pa imate Change

Sea Level Rise
Extreme Events
Water Ressources
Nutrition

Migration
Conflicts

World Economy

Regional Impacts

End

Eopulatign ; on uncertainties. The approach chosen allows different kinds
Emieay onsumption of uncertainties to be addressed. This is exemplified by three

models representing different types of uncertainty that can
hardly be accounted for simultaneously within a conven-
tional simulation framework. Each of these models is em-
bedded in a context of information. The uncertainties to be
discussed refer to:

(1) the range of scenarios for a gradual increase in tempera-
ture;

(2) changes in the likelihood of extreme events and their
conseguences;

(3) low probability, high risk events. Abrupt changes in cli-

Regional Environment mate arising from non-linear dynamics of the climate
gmivers system and threshold effects.
vegetation In the following, these three different kinds of uncertainties
Natural Disasters are discussed in more detail.
Floodings
Mudflow
_Istorms 4.1. Range of temperature scenarios
Swiss Economy
Agriculture X . . .
Foresty The most prominent feature of climate change is an in-
truct t . .
Aegeibntatih i crease in global temperature. However, depending on the
gnelr(gy Consumption assumptions on the dynamics of the driving forces (e.qg.,
| | R ance economic growth, energy consumption), the distribution of
Htr:a'}t';ife carbon dioxide in the atmosphere and the sensitivity of the
eal . . . . .
iaration climate on increased atmospheric carbon dioxide concen-

trations, different scenarios can be obtained. The causes
model allows the user to explore the consequences of dif-

Figure 2. Overview of IMPACTS and its hierarchical structure of Iayere?erent assumptions on the target variable global temperature
factsheets. The three topics that are discussed in more depth to exem

| . . .
the different kinds of uncertainty that are addressed in the text are hi&ﬂéwe 3)' Th_e model prowdes a restricted set of pIauS|bIe
lighted: temperature scenarios, strong precipitations, and thermohaline 8Ptions allowing the user to derive the whole range of tem-

culation. perature scenarios from 1.5 to 4@ discussed by the IPCC
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Figure 3. The causes model allows the user to explore the uncertainties in the driving forces for the change of average global temperature. The user can
define own scenarios (violet curve). The scenarios for weak (yellow) and strong (red) climate change are always shown as reference.

for a doubling of CQ concentrations [13]. Furthermore, thenomenon. An increase in the annual average precipitation is
user can find out that the assumptions regarding the seresipected to lead to an overproportional increase in heavy
tivity of climate have the largest effect on global temperarecipitation events ([15] and Schér et al. this volume).
ture. It has been discussed what this range of temperatti@wever, it is difficult to give a quantitative estimate on
scenarios has to signify. Does it represent a probability digie impacts of such changes. On the one hand, the dam-
tribution in which the best guess scenario should be locatades caused by extreme weather events are determined by a
somewhere in the middle? Or should the probability distrilmumber of other factors, such as demographic development
ution be represented by a rectangularly shaped interval? Tdral the choice of settlement areas. On the other hand, it
general opinion is rather that the range reflects the whole sedifficult to provide statistical evidence for changes in the
of the combination of independent assumptions on climgbeobability distribution of extreme events and potential sta-
change in which the shape of a probability distribution isstical correlations (e.g., correlation between an increase in
largely unknown (see [14]). To derive climate change inextreme heavy precipitation events and an increase in the
pacts we therefore decided to choose two scenarios that damages paid by insurances). The user may explore the phe-
located at the boundaries of the total range — weak and strar@menon with the help of a simple calculator (figure 4). As
climate change (figure 3). background he can either choose a scenario from a GCM or
For a given global temperature scenario, regional tempenake his own scenarios. The changes in the frequency of
ature change is associated with additional uncertainty. Bstrong precipitation events are calculated and immediately
cause of the extreme uncertainties that increase in the displayed. How can the user now explore the potential threat
guence global temperature change—regional climate changeising from extreme precipitation events?
regional impacts—any probabilistic statements at the level of The user may follow a guided path through IMPACTS
regional impacts are not meaningful. The description of réhat links causal relationships in a qualitative fashion: he
gional impacts for each scenario was therefore expressediarts with the simple calculator that allows him to explore
a set of qualitative statements derived from subjective dake relationship between an increase in average precipitation
sessments of experts on the topic [7]. For each impact, thed the changes in the distribution function of precipitation
user can explore the possible manifestations in the weak anents (figure 4). A rise in the likelihood of extreme events
strong climate change scenario. Additional uncertainty maycreases the likelihood of mudflows. The user may thus
enter since impacts may be contingent on assumptions thiit the factsheet on mudflows in which the phenomenon is
are independent of climate change (e.qg., agricultural policgxplained and a video gives a very lively impression on the
phenomenon itself. Finally, a factsheet on insurance com-
4.2. Extreme events panies gives information about the costs from damages paid
by insurance companies in recent years to compensate dam-
Changes in the likelihood of extreme weather events aages arising from natural disasters. The data provided and
of major interest, in particular in the Alpine region wherghe qualitative assessments of domain experts leave the final
natural disasters, such as mudflows, are a well-known phieterpretation of the risk to the user’s subjective judgement.
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Figure 4. Model that calculates changes in the frequency of strong precipitation events at a certain location as a function of changes in thel mean annua
temperature and in the number of precipitation days. It is evident that for a 30% increase in precipitation, the likelihood for an extremeopreegitati
of more than 49 mls per 100 years increases by 200%.

4.3. Abrupt climate changes sheet on past climate changes reconstructed from paleocli-
matological investigations (figure 6).

Regarding climate uncertainties, one of the most difficult The assessment of low probability, high risk events is
issues to communicate in a responsible fashion are low prdidghly perspective dependent. Up to now, the IPCC has been
ability, high risk events. The most prominent example iguite reluctant to report on such phenomena since it is not
given by a slowing or even shutdown in the thermohalintvial to do so in a scientifically sound and responsible fash-
circulation of the North Atlantic that may result in abrupion. Sir John Houghton, chairman of the scientific working
climate changes (Appenzeller et al., this volume). Recogroup of the IPCC, wrote in a letter [16]There are those
structions of historical climate from paleoclimatological inwho home on surprises as their main argument for action.
vestigations provide evidence for abrupt climate changesjifhink that is a weak case. No politician can be expected
the past. Such reconstructions provide evidence for a drop§itake on board the unlikely though possible event of dis-
temperature of several degrees over a few decades. The maghration of the west Antarctic ice sheet. What the IPCC
likely cause of such changes is an increase in the freshwalgfenists have been doing is providing a best estimate of fu-

input into the North Atlantic and a subsequent reduction gt jimate under increased greenhouse gases — rather like
even shutdown of the thermohaline circulation. IMPACT weather forecast is a best estimate. Within the range of

contains a simple model of the phenomenon combined w ssibility, no change of climate is very unlikely. Sensible

historical evidence on past climate changes. The model g]- . .
) . . : ﬁ1ann|ng, | would argue needs to be based on the best esti-
lows the changes in the thermohaline circulation of the Nor
ate, not on fear of global catastrophe or collagise

Atlantic to be explored (figure 5). The user may investiga{g The situation h tarted to ch . h iousl
the relationship between the time course of carbon dioxide € situation has started 1o change since the previously

concentration characterised by the final target level and Here fragmented and contradictory nature of scientific evi-
rate on how fast this target is reached, as well as the stren fifrce has started to t-)e.comg mo.re. coherent. Nevertheless,
of the thermohaline circulation. The model is a simplifical®” Such phenomena it is quite difficult to develop a con-
tion of the more complex model by Stocker and Schmitt§ENSUS view that is still the preferred attitude of the IPCC.
(1997). It comprises essentially a non-linear response meé&Hwever, it may not be desirable to attempt the achievement
anism for the adaptation of the thermohaline circulation to@ consensus. Why should there not remain a certain level
change in carbon dioxide concentration. A parameter allo®é disagreement among scientific experts if complex issues
high or low climate sensitivity to be accounted for. are under debate? More emphasis should be placed on elic-

A shutdown of the THC may have a considerable effeding subjective expert opinions and on including them into
on the climate in Europe. To receive an impression on whidie IPCC process, into IA models and into the public debate
such a climate change may imply the user may visit a fagbout climate change in general.
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Figure 5. Simple model to explore the effect of a change in carbon dioxide concentration on the strength of the thermohaline circulation (THC). The
chosen scenarios show that the shutdown of the THC does not only depend on the target leyebof &€b on the rate at which the target is reached.

5. Characterisation of options and uncertainties majority of citizens, discussions about the links between the
. " ) _ . responsibility of the individual making lifestyle choices and
Options to mitigate climate change are dealt with in thgyions and measures at other levels of societal organisation,
personal CQ calculator and in OPTIONS. The attempt iy,ch a5 energy taxes or subsidies for energy saving technolo-

made to embed individual choice into options at the nation@ilesl Figure 7 gives an overview of the major components of
and even global scale. The personal C€ilculator is a2 §pTIONS

_spreadsheet like cal_culat_or that alloyvs the effect of behav- In particular OPTIONS includes the following modules:
ioural and technological lifestyle choices to be explored [9].

OPTIONS makes an attempt to link the scales of the ine A model for global dynamic energy scenarios allows the
dividual and the society as a whole. To do so, individual influence of different factors on energy consumption and
choice is detached from personal lifestyle by including the carbon dioxide emissions to be investigated. One can ex-
effects of individual choice into the energy consumption of plore that a stabilisation of atmospheric carbon dioxide
Switzerland. Energy scenarios for Switzerland include, for concentrations requires non-marginal reductions in en-
example, the average number of cars per person and trendergy consumption (see also Imboden, this volume). To
scenarios on how this number is expected to change on av-assure global economic welfare this can only be accom-
erage. Users making individual choices are thus in the role plished if energy efficiency is improved and if efficient
of a typical representative of all Swiss citizens. This triggers technologies are adopted by developing and threshold
discussions regarding lifestyles that could be shared by thecountries.
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Figure 6. Diagram with paleodata for historical evidence and a visualization for changes in lake levels that reflect major climate changes. fiéhe data we
derived from Lake Van in Eastern Turkey that constitutes an excellent climate archive due to its laminated sediments.
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Figure 7. The most important parts of OPTIONS and their relationships.

political )
measures

e The calculator for national energy scenarios allows a logical improvements lead to a reduction of Int whereas
comparison of the current state of energy consumption, behavioural and structural changes lead to a changye in
a trend prognosis (for the year 2030) and a user defined The trend scenarios indicate that improvements in energy
scenario. National energy scenarios can be derived as aefficiency are more than compensated by an increase in
function of options for individual lifestyle, technology, the number of energy services consumed.

economic growth and structural change. Per capita €g- An economic growth model allows different possibilities

ergy Ec consumption is derived as the product of the oy the relationship between economic growth and energy
number of energy services consumed and the energy con-consumption to be explored.

sumption per service unit: . . .
P P e A catalogue gives an overview of measures at different

>_; Njint; levels of societal organisation.
c=— %

’

P OPTIONS introduces the idea of a low energy society
whereN; is the number of units of energy servigeaind to embed the climate change decision problem into a wider
Int; is the energy consumption per service unit. Technoange of societal concerns. Such an embedding is particu-
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larly important for the consideration of options to mitigate For each of the measures in the catalogue, OPTIONS pro-
climate change at the regional scale. Regional action to rédes information about the state of the public discussion,
duce carbon dioxide emissions cannot prevent regional datime anticipated effects on energy consumption and economic
age from climate change caused by the total of global carbgrowth. Uncertainties are highlighted in particular as far as
dioxide emissions. A scenario of a low energy society reosts and effectiveness are concerned. However, there is a
guires a broader perspective than it might be suggestedlbgk of a coherent modelling framework in which the com-
simple cost-benefit considerations. In particular, it is arguddned effects of such a catalogue of measures at different
that one needs to address institutional settings could be addressed responsibly by ac-
S . ) counting for major uncertainties. What is for example the
o the desirability of a low energy society as an image of &mpined effect of an energy tax and funding of research
future society; and technology? How could an energy ceiling, a fixed tar-
e the presence of a plausible and desirable path to get thaget for national energy consumption, be obtained? What is
« the presence of attractive options for different socigfauired is the development of scenarios in which subjec-
groups. tive probabilities derived from expert judgements can be in-
cluded. An approach in this direction might comprise agent
The national energy scenarios in OPTIONS provide epased modelling and probabilistic scenarios.
idence that a low energy society is feasible in principle by In the present version of OPTIONS, users can explore na-
using the best technologies available and by making apptional energy scenarios and compare them to the predicted
priate lifestyle choices. The following major sources of urehanges for a trend scenario. The trend scenario indicates
certainty are crucial for the evaluation of any options in thithat improvements in energy efficiency are expected to be
respect more than compensated by an increase in the consumption
of energy services. Figure 9 shows a scenario where all op-
tions for improving technological efficiency to the highest
o the costs in the short- and the long-term for different s@evel according to current knowledge have been activated.

o the effectiveness of combinations of measures;

cial groups. The other options are set to the same values as in the trend
scenario. Citizens can use the measures catalogue and judge
5.1. Effectiveness of combinations of measures the different measures based on what they consider feasible

and on what they consider desirable in order to achieve a

Figure 8 shows the catalogue of measures that has beertain target. However, desirability may depend crucially
included in OPTIONS. The measures are of different kinon the costs anticipated for a reduction in energy consump-
and cover a wide range of different levels of societal orgartion.
sation and institutional settings. Figure 10(a) gives an overview of different political mea-
sures and the corresponding reductions of energy consump-
tion currently discussed in Switzerland. Figure 10(b) shows
the anticipated increase in the prizes of gasoline. Itis evident
that within such a paradigm the transition to a low energy so-
ciety would be associated with high costs and may thus not
be very desirable.

Market Instruments
COa2-tax
Ecological tax reform

Fixed Targets
CO2-emission certificates

energy ceiling 5.2. Costs in the short- and the long-term

Governmental Regulations

fixed technological standarts
sunday driving ban

To discuss a plausible path towards a low energy society
requires an understanding of evolutionary change in socio-
economic systems. In OPTIONS, uncertainties surrounding
the relationship between economic growth and energy con-
sumption can be explored with a simple economic growth
model [17]. The user has the possibility to explore the impli-
cations of different assumptions regarding cost curves. One
may consider different scenarios for economic output (GDP)
and energy consumption (EC):

Trend: GDR-, EC+

In the trend scenario a continuation of the current trend
of modest economic growth with modest improvements
in energy efficiency results in a modest increase in en-
ergy consumption. This is the most likely development

for Switzerland according to economic forecasts (Prog-
Figure 8. Overview of the measures catalogue included in OPTIONS.  ngs, 1996).

Voluntary Agreements
Commitments of business
global action plan

Supporting Measures
funding of research and
technology information and
education

International Measures
role of Switzerland in policy
process global economy
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Figure 9. Calculator for energy scenarios that allows the user a comparison of the current state of energy consumption, a trend prognosisZ63Ghe year

and a user defined scenario. For the chosen scenario all options for improving technological efficiency to the highest level according to cemget know!

have been activated. Other options as in the trend scenario. Energy consumption was derived from the data of the Swiss federal energy setistics. It do
not include grey energy, the energy imported indirectly via goods.
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Figure 10. Effects of different political measures on (a) energy consumption and (b) prize of gasoline. The measures refer to: Fe@@, MNtX,
M2 = energy tax (energy-environmental initiative corresponding to an ecological tax reformg, dd&r initiative (subsidy for solar energy derived from
an energy tax), M4= combination of M2 and M3, M5= scenario for increased sustainability with an energy tax not in the public debate.

Crisis: GDP-, EC— Both economic forecasts and citizens’ expectations (Jae-
In the reduction and crisis scenario a reduction in e§er et al. this volume, [18]) provide evidence that a major
ergy consumption is accompanied or even triggered ljycrease in per capita energy consumption (e.g., from cur-
a decline in economic output. rently 6000 W to US levels of 10 000 W) is not considered a
Innovation: GDR-, EC— plausible scenario.

In the innovation and qualitative growth scenario a Figure 1_1 shows two s.cenarios for energy consumptiqn
decline in energy consumption is a result of increasé&ptained with the economic growth model. The red scenario
energy efficiency. The improvement in efficiency is astorresponds to the trend. The green scenario corresponds to
sumed to be a result of a major surge in technological innovation scenario. This change was effected by the in-
progress and structural change that lead to an increas#fiduction of an energy tax at a level of 50% of the energy
economic output. prices. Tax revenues were redistributed to subsidise inno-
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Figure 11. Scenarios for energy consumption derived with a simple model for economic growth in OPTIONS. The user has the possibility to choose among
a number of options such as energy tax, targeted investment and effects of imitation. He can also make assumptions regarding the shape of.the cost curve
In the chosen scenario the curve corresponds to a shape as curve (2a) in figure 12.

A marginal sibility of evolutionary dynamics and a transition to another
cost

development path (2) as reflected in assumptions regarding
the shape of the cost curve. Increasing costs are derived
from “top down” macro-economic and general equilibrium
models. The conventional models incorporate strong im-
plicit assumptions about maximisation, technical progress
and organisational efficiency that predetermine their results.
Such approaches predict that a perfectly competitive mar-
> ket exploits all opportunities for decreasing energy intensity
reductionin that are profitable at current prices. For any further reduc-
energy consumption tions in energy consumption opportunities will be exploited.
Curve (1) in figure 12 represents a typical cost curve with in-
Figure 12. Different possible behaviours of the marginal costs for a redgreasing marginal costs derived from such assumptions. In
tion in energy consumption. The black circle denotes the current state ofsach a case measures for reducing energy consumption can
economic system. (1) increasing marginal costs in a one equilibrium wor@my be justified by external effects which are neglected in

2 hreshol luti iti h | .
(2a) cost threshold and evolutionary transition to another development bl ¢\ \rrent accounting structure of the economy, e.g., the
towards a low energy society; (2b) evolutionary transition towards a low

energy society without cost threshold. The question mark indicates that {@duction of en_Vironmemal damage resulting from an exces-
shape of the cost curve is highly uncertain. sive consumption of energy.

Curve (2a) in figure 12 depicts an alternative shape of a
vations. The strong decline in energy consumption resuftgst function in which, after an initial increase, the costs will
from the fact that a cost threshold is passed. Such assurigdl once the cost barrier is crossed. Negative costs imply
tions do not correspond to the view of ever increasing codtat improvements in energy efficiency result in a net profit
for increasing reduction in energy consumption (see also fi@r the economy as a whole. The initial increase of the cost
ure 10). The model allows the user to explore the effect &inction is derived from the assumption that investments
different assumptions on the shape of the cost curve. are made into human capital, research and development and

Figure 12 shows two different shapes for the marginatructural change. Such investments may not be profitable
costs for reducing energy consumption as a function of the short-term. However, a well-directed investment strat-
the reduction in energy consumption already achieved. Thgy is assumed to trigger a self-reinforcing process of radical
costs are assumed to be the total aggregated costs foriramovation and evolutionary socio-economic change. Radi-
economy as a whole. The model emphasises the differered implies that such a shift towards a low energy society
between the view of equilibrium dynamics (1) and the pogmbraces innovations in lifestyle, technology, infrastructure

(2b)
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and institutional change. Curve (2b) indicates that thetleus difficult to predict. What is required are strategies for
might be even a path where an appropriate investment stratbust action by which short-term options are explored by
egy leads to an immediate reduction in costs. Such cestintaining long-term degrees of freedom.
assumptions are mainly derived from technology data [19].
Obviously a major issue of uncertainty remains needs to be
clarified. 6. Conclusions

Due to lack in effects, market forces alone would not
move the current state of the system towards a low energyWithin the CLEAR project a new approach was devel-
development path. A similar argument was made in quigPed to produce models for participatory integrated assess-
another context with the so called “poverty trap” [20]. On&1ent. Integration is not performed in one integrated model
can think of a poverty trap as a stable steady state with [dWt in the participatory process. The computer serves not
levels of per capita output and capital stock. This outcomeg§ly as a means for calculation but also for communication
a trap because, if agents attempt to break out of it, the ecdhterms of transfer and dialogue. Models are implemented
omy tends to return to the low-level steady state. Similarlyithin a context of different types of information. Infor-
one may talk here of a “high energy trap”. mation of high scientific quality is produced in a form ac-

Being in a “high energy trap” agents cannot easily brediessible for the general public. To improve the usefulness
out of a state with low energy efficiency. An escape musf models for the decision process, integrated assessment
proceed within a process of collective decision-making. Imodelling should be embedded in a participatory process in
this highly aggregated conceptual model the marginal cod¢§ich stakeholders are involved. Validation of traditional
for improvements of energy efficiency cover a wide rangé\ models against real world data is a difficult endeavour.
of processes. They represent an aggregate of all direct Adddels developed for a participatory integrated assessment
indirect effects which are associated with this change. It$§ould primarily be validated against how they structure the
therefore difficult to make statements regarding the over&igbate about a problem. In this respect, they follow more the
shape of such a cost curve. Decreasing marginal coststraglition of soft systems analysis (e.g. [22]). Methodological
a function of market share are well documented for singlavestigations are required to improve the validation process.
technologies (e.g. [21]). They can be explained by effects of Our experience in citizen focus groups shows that scien-
increasing returns to scale. Such effects will be importantiific uncertainties are very difficult to communicate. They
fostering a transition to a low energy society. Another argtray not be perceived as a trigger but as an impediment for
ment for the presence of such a cost threshold is the assua@tion. The origin and the importance of irreducible uncer-
tion that the economic system as a whole does not opertaities cannot be easily conveyed to the public. Account-
at its production possibility frontier. The trade-off betweeing for uncertainties is not in agreement with the view still
economic growth and reductions in energy consumptionsevalent in the public of scientific experts speaking “truth
derived from the assumption that the current system usestiispower”. Besides, when the models were applied in ed-
inputs in the optimal fashion to produce economic goodscational settings (high schools, universities) dealing with
Numerous studies show that firms and organisations do tive topic of uncertainties posed difficulties as well (Blissen-
operate at maximum efficiency [19]. In such a case it is plagehutt and Pahl-Wostl, in prep). The problem is not only lo-
sible that technological and structural change may reducated at the level of communication but also in how science
energy consumption and increase economic efficiency at ikgelf deals with uncertainties in the research process and
same time. In particular, it is difficult to derive estimates foin universitary education. Despite the numerous attempts
the efficiency of using human capital. This efficiency may ifor making typologies for uncertainty classification (review
general be overestimated. The argument made here goesiorf@4]) the current scientific practice and public perception
step further in stating that efforts to improve the efficiencgre still unsatisfactory.
in energy consumption trigger structural and technological An improved understanding of uncertainties is crucial for
progress and mobilise a creative potential of the economydiscussing options for mitigating climate change. To combat
a whole that currently remains idle. To support such an aximate change will require major reductions in energy con-
gument implies additional research to explore the potentgimption and consequently major changes in today’s socio-
relationship between improvements in energy efficiency aedonomic systems. Such changes cannot be brought about
improvements in the structural and technological efficiendyy conventional policy measures. We advocate a new ap-
of the economy as a whole. proach of a polycentric understanding of policy that invokes

Aggregated cost curves for the economy as a whole anstances of social learning at different levels of societal or-
not very meaningful if it comes to decision-making. It igganisation. An important research question is the develop-
difficult but vital to account for costs and benefits for differment of concepts and models of institutional change that fo-
ent social groups in the short- and the long-term. The currents on the mutual relationship between processes of social
debate on costs is still dominated by the type of argumentmd individual learning, between macro- and micro-level,
tion based on the shape of a cost curve such as curve lfgjween individuality and the embededness in social net-
in figure 12. Figure 10 gives a vivid example for that. Iworks. Models that may be particularly suited for this type
is argued here that costs will be highly path dependent aatiesearch are models between knowledge management and
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Figure 13. In an extended process of social learning the model platform may comprise different components, e.g., ICITs and agent-based models. The
participatory process may include citizen focus groups, on one hand, and actor platforms with representatives from different social groufteron the o

hand.

simulation of real world actors. This is a typical field for thderent stakeholder groups and across scales. Figure 13 shows
application of artificial intelligence and agent based moduch a setting in which the model platform may comprise
elling. Whereas traditional Al was mainly targeted at devetlifferent components, for example ICITs and agent-based
oping expert systems by methods of knowledge engineenodels. The participatory process may include citizen fo-
ing, distributed artificial intelligence is targeted at makingus groups and actor platforms with stakeholders and rep-
use of this knowledge in a dynamic fashion and simulate thesentatives from different social groups. Currently such an
processes of decision-making. Evolutionary approaches approach is adopted in a project on water resource manage-
low learning behaviour and social change to be modellegient. A responsible integrated assessment has to portray
Agent-based modelling may thus be viewed as a promisitige full range of possible future trajectories. Agent-based
approach to developing models for participatory settings. models allow the uncertainties inherent in the dynamics of

A polycentric approach to integrated assessment meaugio-economic systems to be expressed; uncertainties that
that the policy process encompasses several scales in sgaeecrucial to explore unconventional future scenarios as for
and time and has consequently to include a wide ranggample the idea of a low energy society. Uncertainties
of different measures and institutional settings. The palkay thus not only be perceived as a threat but also as an
icy process regarding climate change was primarily ceapportunity.

tred at the global scale — UNFCC and RIO process. IPCC
alike is targeted to inform this global policy process. How-

ever, the need for regional approaches soon became evidReterences

because national interests impeded any global treaties and

short-term expectations determined decision-making at the]
regional scale. A polycentric policy process implies that
decision-making at the national scale depends on expect[é
tions of the global process, e.g., first mover advantage in de-
veloping energy saving technologies if one expects a globg;
agreement to reduce energy consumption. Decision-making
at the global scale is guided by the decision-makers’ percep-
tion of possible consequences at the national and regior%
scale. Overall, the decision process may be viewed as t
mutual shaping of expectations at different scales from the
individual citizen to the global policy process. It is argued
that agent based models that allow the behaviour of rel
world actors and the development of expectations in a re-
alistic fashion to be represented were particularly suited to
represent and foster processes of social learning among dif-
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