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Introduction

This paper concentrates on integrated environmental modelling asatoal in science and planning.
Environment covers awide range of interests and includes dl aspects of the naturd and the socid
environment. Modelling describes way's to present red world Stugtionsin asmplified form. A
find @am of moddling isto cope better with theincreasing leve of complexity of today's

planning tasks

This paper is directed to sudents, to colleagues and to gpplied users of our research in the field of
planning and adminigtration. The paper should explain my way of problem undergtanding and the
underlying philosophy how to contribute to problem solutions.

Individud moddling efforts have to be linked to alarger program. The practica gpplicability of
stiencein planning isaleading principle. The integration of resultsis a least asimportant as
results themselves. Theever-increasing load of information has to be condensed to serve problem
management by decison mekers.

Thefirg theoreticd part of the paper describes the framework of integrated environmenta
moddling, the second practicd part describes the possible achievements of integrated
environmental moddling taking globa dimate change and land use planning as example.

Theory of Integrated Environmental Modelling

Integration and science complement each other. Integration is arranging eaborated factsin anew
way and thereby gaining new ingghts. Science isfocusing on a paticular fidd of interest and
generating new facts by observations and measurements. The trend of developing away from
eech other became stronger than the trend to mest.

Mesting other disciplinesis atime consuming process and one camot be sureif this meeting will
lead to results. For this reason scientists have not only to congder the content of their research,
but aso the method to share their results Thereby individud scientific efforts can be combined
within a common framework.

Integration of topics

At the beginning of the integrated environmental modd ling exercise one will prepare a concept
and determine dl contributing subjects. Thiswill be done on a subjective base, if astientist can
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decide done or according to the requirements of co-ordinated research programs. In most casesiit
will be amixture of a predefined research concept and individua idess.

The second step is to collect data according to concept as modelling depends on qudlitative
informetion and quantitative data. Socia science data can be economic and population data.
Natural stience data are time series of climate, soil, vegetation or hydrology. Not dl the topics of
relevance are explicitly covered by data Many quditative concepts, likesructurd functiondity

of environment or human perceptions of nature are not yet conddered adequately. Thereisahuge
potentid for improvemen.

Thethird Sep istransfer basic ideasto forma mathematical modules. A large number of
modeling techniques can be used for this purpose. But the more complicated sngle modules are
congructed, the more likely are fallures to integrate the module. It is not necessary to use dl
avalable data. There does not exist a sraghtforward gpproach but along lasting process, which
will hardly ever be complete,

Figure 1. Integration of varioustopics of interests
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The figure shows the way of interaction. Let us assume an integrated environmental model to assess the economic importance of snow for Nagano
district. The upper module can describe how snow is related to temperature and precipitation. The moduleis part of the abmodd, whichasseses

the economic importance of snow, as aresource for skiing or as a problem for transportation and others. In the integrated model, the total
economic impact of snow will be treated in an overall picture to economy of Nagano district, relative to four other factors of influence.

The fourth ep isto integrate various modules to alarger topic within asubmodd. Therethe
information of various modulesis used and combined together to a submode output. The module
can be used in many submodes and concern various topics. The submodd may produce a
different kind of information (economic vaue of snow) than the module (amount of snow).
Various submodels can theregfter be combined to the find integrated mode (relative importance
of snow as compared to other topicsinfluencing the economy), which again provides a different
outpuit.



Inafind fifth Sep, the output of the integrated modd has to be related to the problem context.
Conseguences of the output have to be interpreted by the modellers. Thisis aretransformation of
the forma output to the conceptud level. From there the results can be given to decison mekers
and influence various kinds of planning.

A theoreticd fidld of science like mathematics with a sophigticated methodology hasto level
down itsforma standardsin order to meet the Sandard of other more gpplied disciplineslike
economigts, engineers, architects or landscape planners. In generd gpplied professonds have to
gain more theoreticd kills to transfer their experience into mathematical formulas as amean of
integration.

Space and time considerations

Theintegrated moded has a reference space and areference period to be vaid. Outsde the
borders of gpace and time the modd will have other parameters of influence. It isnot possbleto
transfer know how from one place to another without aloca adaptation. The dynamics of
processes may be different in various spatia units. Spatid models interpolate missing spatid data
for aparticular region. Commonly such amodd is caled a GIS or geographicd informetion
system. Process models refer only to one location and interpolate dataintime. Usudly those
models are covered by operation research methods. A key question to integrated environmenta
modeling is how to combine the combined output of the integrated mode with GIS methods and
operation research methods.

Figure 2. Integration of spatial scales
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Every integrated environmental model follows a spatial standard. Within the global scales we find sub scales of atmosphere and earth. Within
regional scales we find continents, countries province and district scales. Within loca scales we find community, object, house and table scde.

A modd should explain patial and process rdlaions with aminimum of deta. The amount of
observed data should be high as compared to the modeled data. Combinations of integrated
modds with GIS modds and process moddsimpair ahigher risk of modd mistakesthan a
gpecific GIS or operation research modd in isolation. The number of modeed vauesrddiveto
observed vaues increases over proportionate.

According to the modd purpose, | will choose the "appropriate scaes'. Three spdtia scdesare
considered to be gppropriate for detahandling. The largest scale will provide the overview, the
medium scae will give rough variaions and the smdlest scae will yidd fine variations of
sHected indicators.



Figure 3. Integration of time horizons
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Every integrated environmental model covers many processes in time periods of 1 million years, 100,000 years, 10,000 years, 1000 years,
centuries, decades, years, month, days or hours.

A digtinction between process, period and dynamicsis ussful. Processis going onover time, a

period terminates a process and dynamicsindicate the degree of changein aperiod of the

process The period consstsof subunitsof the period, smply caled eps. At each step wewill

find adata record for our andyss. The dynamics of long-termprocessesis not observable if thar

deps are larger than the observation period of our problem Stuation In this case, we assumea
Sructure that does not change.

Integrating topics, scales and processis not trivid with regard to the methodology. If we would
like to combine spatid and process moddling, we have to limit our intereststo key factors.
Further, we should restrict oursalves to arough space-timeresolution to reduce the amount of
data and increase the reiability of the integrated modd.

Incondugon: integrated environmentad moddling isa rather young fidd and that devel oped
together with computer technology. At current, we find methodological obstacles to integrated
environmentd moddling We need to define of what to integrate and how to integrate. We need
goatid and time references. Progress was made in the gpplied science fiddd and in practica
problem management. The tridsin improving the methodology are accompanied by
improvements of conoeptud thinking.

Example of integration: climate change and land use planning

Many interests drive land use planning, which covers landscape planning, rurd planning, regiond
planning, urban planning and ather kinds of physica planning. Integrated environmenta
moddling is- amilar to planning - an open ended process. Important issues have to be added to
the integrated mode over time. The interests of the society determine what should be modeled
and managed.

For practica applicability, it might be a good idea towork with adminigrative borders. Using a
grid pattern is dso usefud, if | relate the grid points to adminidrative units The planning am is
not explanation (which can be a scientific am), but management. Withinthe chosen
adminigrative borders| can locate respongble persons to change the current Situation to amore
desired future Stuation



The expected usars behind integrated environmenta modds are adminidrators, politicdansand a
concerned public, al together, so called decison makers. Figure 4 explains on how far we can
come with integrated moddling. On top we find our intereststhet we want to integrate. The depth
of analysisis dependent on our choice of process period and spatia coverage.

Figure 4. Problem Management by | ntegrated Environmental Modelling
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Thefigureisdivided into two rectangles and one ova. The ova maintains the problem to be solved with integrated environmenta modelling. The
upper rectangle coversinterests, space and process, our known facts that we can define according to our task. Inthegreenareadf theovd, wecan
gain improvements in planning. The lower rectangle coverscomplexity. In the blue part oval, integrated modelling does not work.
When we manage a problem we have to improve shortcomings from interests, soatia resolution,

and time. On the one — upper — Sde of FHgure 4, the combination of known, but non reated

interests, spatiad scales or time steps of processes will generate many new indghts and

improvements to planning. On the other — lower —side of the rectangle, we hardly cover dll
knowninterests, every important process or dl goatia scdestha we have a our disposd. The
more we succeed to combine, the further down the basdine dividing the upper and lower

rectanglewill come. In addition we have unknown facts and relaions which nobody can

consder. Uncertainty and surprises will accompany the problem management, but we can do a

lot to decrease them.,

Possible human induced globa dimate change, perhaps one of the best-known fidds of
integrated environmenta moddling, is used as an example. A large variety of scientists has
contributed to this field and generated a common base of knowledge for the decison mekers.

They can be divided into three different groups.

Group 1 are those scientists, who explore the contribution of human actionsto globa dimate
change. They are concerned with increasing emisson of greenhouse gases and the overuse of
land in poorer world regions. The provide estimates of exhaust emissions connected with foss
fue burning or losses of assmildive capecity of land. All modds concerning the incresse of CO,
equivaents originete from this group.

Group 2 assessesthelikdy changes of sngle dimate parameters due to changed concentrations

of CO, . Whiletoday scientists agree that there will be awarming, they do not agree onthe
principa direction of other dimeate parameters like precipitation, frequency of extreme events and



other more. They further disagree on the dyramics of likely globa warming. All together these
group of scientists use the models of CO, increase provided by their colleagues of group 1.

Group 3 trandates changes of climate conditionsinto possible regiond and local impacts These
impactsare highly rdlevant for locd societies. The possibility of an increase in catastrophic
events and a possible damage cdls for counteraction. The threet is different from region to
region Hat regions and idands are threstened by sealeve rise. Torrents and avdanches menace
mountain regions. Agriculture and tourism are the mogt vulnerable economic activitieswith
regard to climate. Figure 5 indicates on how the three groups reae to each other.

Figureb5. Three categories of global climate change research
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Within each of thase groups we will find different concepts and models. However, the concepts
and modds are continuoudy revised according to the results of other competing groups. In Group
1 mgor discuss ons concernthe increase of fossl fud consumption or the rate of land use
changes. Group two has garted to improve globd circulation models with coupled ocean models.
Most controversd are perhgps the dimate impact models at the end of the chain. How should
damage be quantified and how likely is damage? The costs to prevent disasters are high today
while disagters may happen within decades.

On the other hand certain issues from before are considered as conventional wisdam: thereisa
warming of the amaosphere (in the 70s there was a competing coaling theory), fossl fud
emissons and land use changes do have an impact on the dimate sysem. There will bedrastic
s0cio-economic impacts. The question is no longer “if”, but “how much”, “when” and “where’.
This dlent agreement, the principle acceptance of the climate change theory, is consdered more
important for the foundations of planning than the open sdentific questions.
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An integrated environmenta modd is atoal to bring together scientists on the regiond and globa
scale or concerned people on the loca scale. The procedure of integrated environmental
moddling counts most. The globd dlimate change program and the internationd pand on
climatic change, IPCC, induding scientists and policy makers were indeed successful. Jugt 10
years after edablishing ajoint committes, afirst agreement to reduce greenhouse gas emissons
was Sgned in Kyato in December 1997. Without integrated environmental modelling this would
not have been possible,

Outlook

| ntegrated environmental modelling as atoal in science and planning. Current effortsin search
for integration should continue and be enlarged.

We expect to contribute to this development. Our |aboratory identifiesin particular the practica
implication of globd dimate change for land use planning in Japan. We gtarted two projects
during the last fiscd year. Thefird project investigates on how to reduce Japanese greenhouse
gaes emissonsin relaion to rice production. The second project assesses economic losses for the
Japanese winter tourist indudtry in the case of globa warming. Thereby globa change research
will become directly rdlevant for land use planning in locd communities.
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WWW Linksfor further reading about integrated environmenta modedls:

http://leel.en.a.u-tokyo.ac,jp/me nhard/teaching/rural planning/ruplal3.html
http://sedac.ciesn.org/mvalimege-2.0/image-2.0-toc.html
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http://crgaamos.uiuc.ed/COSM I C/announce html
http://sedac.ciesn.org/mvaliamec.tg/ TGHP.html

Links concerning methodology of integrated environmental modelling

http:/Amww.lurpaens- cachan.fr/csgp/publi/publi_93 3/hermeso3_1.html
http:/Aww.mesanl.gov/Projectsautodiff/AD_Toolsimas.htm
http://leel.en.a.u-tokyo.ac.jp/mei nhard/teaching/rurd planning/rupls06.html
http://leel.en.a.u-tokyo.ac,jp/me nhard/teaching/rura planning/rupla07.html

Links to inditutions promoating integrated environmental moddling
http://disgtart.org/news/int_assess modd.html
http:/Avww.igbp.kva.se/lsecmenu.htm

http:/Amww.wimo.ch/web/wcerp/werp- homehtmi
http:/Aww.vu.nl/englisvo_ofindituten/lV M/projectsresearchVefieallinkshtm
http:/Mww.iiasa.ac.at/

http:/Avww.cop3.or.jp/unfccc

http://sedac.ciesn.org/



