
Focu 
Global Change 



M0"rnf,, *rMb Dmgep 
~~ ~ 

. .:i-.::;, LA ,, .:-. ,,..,A 
. . . . . , , . , . r i , i - .k~ , i i :  .. S. Nilsson and 

, I 
This book discusses the potential problems caus 

the changing climate in the high mountains and forests of Eu 
Published by Earthscan Publications Ltd., London, in association with Alp Action 

ISBN 1-85383- 118 

Euroaean Forest Decline: 
The Effects of Air Pollutants and suggeited Remedial Policies 

S. Nilsson, Editor 
I ne oaoers oresented in this book deal with the latest~ciientific informtion 



Applied Sybterns Analysis 

naging Edtor: Marc Clark 
nnation: Sebouh Baghdoyan 

sign: Marlin Sohobel 

des written by he Mmging Edit& 
ess omemise in&c;tled. , . ., . . . 

worldwide, IIASA's results and p&' 
have established IIASA as a fra&~ 

,-,- .- The increasingly popular term "global change" embraces a 
" host of complex processes affecting the Earth and the 

people on it. Trying to study any one of these global 
phenomena - population gmwih and urbanization, the 
spread of new technologies and the Third Industrial Revolu- 
tion, shifts from central planning to market economies, 
patterns of energy use and their effects on climate, to name 
a few - is a daunting task. Trying to study the interactions 

among many of these processes, as we at IlASA attempt to do, compounds 
the effort enormously. But this effort must be made if we are ever to achieve 
an overview, no matter how imperfect, of how people and societies live and 
interact with one another, and with their environment. 

Encouraging this difficult debate is part of the brief of the UN 
Conference on Environment and Development, to be held in Rio de Janeiro 
next June. We wish the Conference Secretariat well in this challenging 
endeavor. Already, it has succeeded in forcing many institutions and 
governments to take stock of their knowledge - and lack of knowledge - of 
the forces reshaping societies and their relationships with the natural world. 

At the request of the Secretariat, a team of NASA researchers 
explored the applications of systems analysis to the issues of environment 
and development. A summary of the team's report begins on the next page. 
Other articles in this issue of Options also relate to processes of global 
change, but it is by no means a comprehensive survey of the Institute's 
work on these themes. 

Indeed, IlASA scholars were studying the processes of global 
change long before the term became popular. Examples of such study 
include major projects in the 1970s and 1980s on energy, food and 
agriculture, sustainable development of the biosphere, global vegetation 
modeling, and the integration of Central and Eastem European nations into 
the alobal economv. 

Recent iskes of Options have reported on work regarding regional 
acidBcation, economic transitions, and the paths of toxic chemicals through 
the industrial economy. Future issues will report on current projects 
involving energy use, food and agriculture, and population shifts, all of which 
bear directly on processes of global change. 

Peter E. de Janosi 
Director 
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Environment, Development, 
and Systems Analysis 

In 1990 Maurice Strong, Secretary-General 
of the UN Conference on Environment and Development, 

to be held in Rio de Janeiro, Brazil, next June, asked IlASA 
to examine the usefulness of systems analysis in identifying 

key linkages among population, environment, and development. 

A team comprising Roderick Shaw, Gilberto Gallopin, Paul Weaver, 
and Sture oberg looked at some of the causes of unsustainable 

development, developed conceptual models, 
and examined cases of the application of 

systems analysis to the issue. 

What follows is a prhcis of their report 
to the UNCED Secretariat. 

ur starting point is the official 
recogntlon by the UN that we 0 .. 

face one of the biggest threats in our 
history, that we are on a course that 
could result in massive disruptions 
of people, cultures, and planetary 
ecology. 

The human cost of thefailureof 
development - hunger, starvation, 
illiteracy, homelessness - is stag- 
gering. Environmentalfailures- loss 
of species, the spread of deserts, 
acidification, climatic change, ozone 
depletion, pollution - threaten the 
global support systems on which all 
life depends. 

The purpose of our report is not 
to further define sustainable devel- 
opment. We worked within the spirit 
of the definition expressed by the 
1987 report of the WorM Commis- 
sion on Environment and Develop- 
ment, better known as the Brundt- 
land Report. This definition has 
been endorsed by the UN. Rather, 
our objectives are the following: 

In general: 
Examine the usefulness of sys- 

tems analysis (in its broadest 

sense) in helping to formulate and 
implement policies towards sustain- 
able development. 

- Stress the importance of taking a 
holistic view in examining issues of 
environment and development so as 
not to overlook important linkages. 

Examine the root causes of un- 
sustainable development, consider- 
ing the activities of both rich and 
poor. 

Develop conceptual models of 
environment and development that 
could help identify problem linkages 
and potential solutions (pages &7). 

Identify characteristics of sus- 
tainable development and the chal- 
lenges that they pose for systems 
analysis. 

Through case studies, demon- 
strate how systems analysis may 
help us meet these challenges. 

The premises on which our 
work was based are as follows: 

Many aspects of development in 
both the North and the South are 
not sustainable. 

. The aim of development should 
be: i) to enhance the quality of 
people's lives, materially and non- 
materially, and ii) to lessen dispar- 
ities across social groups, regions, 
and generations. 

Our relations with the environment 
are more complex and interlinked 
than ever; a change in one part of 
the socio-ecological system may 
ripple through it and cause unex- 
pected changes in others. 

. Sustainable development should 
ideally promote resilience in socio- 
ecological systems at all scales, 
from the bcal village to the globe. 

Decision-makers should strive to 
look at broader contexts and longer 
time frames. Even a slmpllfled but 
hollstlc overview can be more 
useful as a guide to development 
than a hlghly detailed knowledge 
that covers only parts of the 
problem. 
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We acknowledge that some of 
these premises are debatable, and 
indeed are being debated in the 
literature more fully than we are 
able to do. 

Tools available 
for systems analysis 

Models are the central tools of 
systems and policy analysis. They 
come in a great variety, ranging 
from simple conceptual models to 
elaborate mathematical structures 
that challenge the capacity of the 
largest supercomputers. 

Conceptual models are es- 
sential in the initial analysis of a 
problem. Their formulation requires 

insight, judgment and imagination 
about essential elements of a sys- 
tem and the chains of influences, 
feedbacks and interdependencies. 
Conceptual models can store infor- 
mation about intangibles such as 
motivations and values. &It it is 
difficult for them to track and store 
information on many interlocking 
factors - this is a task beter per- 
formed by formalized models. 

Formallzed models are based 
on conceptual models, but the link- 
ages among elements are expressed 
more formally, usually (but not al- 
ways) as mathematical relationships. 
Beyond a certain point, it is usually 
necessary to computerize them. 

Computerized mathematical 
models of large dynamic socio- 
ecological systems have had a 

Negotiations on Global Change 
T he Projed on Me Processes of 

International Negotiation (PIN) 
has several sludies underway that 
bear direotly on the processes of 
global change. For the Secretariat 
of the UN Conference on Environ- 
ment and Development (UNCED), 
PIN is analyzing the dynamics of 
prenegotlation leadtng to the con- 
ference in Plio de Janoiro. The pro- 
ject is evaluating how key issues 
are being defined, linked, and re- 
framed during the early stages of 
the debate and the imprlcations of 
these definitions for agreement or 
stalemate at the conference. It is 
also tracing the dynamics of coali- 
tion formation among nations and 
how these groupings make Certain 
outcomes likely. The focus is on 
financial resource issues and the 
global adion plan. Agenda 21. 

The PIN Project is also sup- 
porting the UN Institute for Train- 
ing and Research in developing a 
set of courses on the process 
and substance of international 
environmentdevelopment negoti- 
ations. The aim is to enhance the 
apacity of delegations from de- 
eloping nations to participate as 

equals h such negotiations with 
their counterparts from industrial- 
bed countries. 

In 1992 a book titled Infer- 
national Environmental Negotia- 
tion will be published. The book 
analyzes how agreements were 
sought in bilateral and multilateral 
conferences on ozone depletion, 
global warming, the transport of 
hazardous materials, acid rain, 
sea pollution, inland water pollu- 
tion, desenftkation, biological 
diversity, and nuclear pollution. 

Another PIN study assesses 
negotiations concerning rivers 
and water rights. This research. 
partially funded by the UN Educa- 
tional, Scientific, and Cultural 
Organization, targets the impact 
of cultural factors - assumptions 
about the nature of the world. 
verbal and nonverbal communica- 
tion, and key aspects of behavior 
- on the way the negotiation 
process is perceived, conducted, 
and concluded in such disputes. 
A book about this research will be 
completed in 1992. 

Betiram Spector 

checkered record, partly because of 
naive expectations about their ability 
to make detailed and precise predic- 
tions. Yet they remain a valuable tool 
for examining complex systems. The 
greatest value of such models may 
lie in their ability to force the analyst 
to look at complex systems (in our 
case. socio-ecologiial systems) as 
a whole, to clarify the important 
elements and linkages, to point to 
how the system may be most uitiial- 
ly bounded, and to examine the 
relative merits of various strategies. 

Models. particularly quantitative 
models, need to be able to receive 
information and to store the results 
of their analyses. Information 
bases are systems for storing, re- 
trieving and displaying information, 
usually with a computer. Data bas- 
es mav also combine information 
mathematically and display it on a 
grid. Such a data base is called a 
Geographical lnfomatlon Sys- 
tem. A GIs can display environ- 
mental data such as height above 
sea level or buffering capacity 
against acidic deposition, or human 
and economic information such as 
population density or per capita 
income. 

Gamlng, mle-playlng, expert 
systems and the Delphl approach 
are not so much tools per se as 
ways of using tools, particularly when 
quantitative information is lacking. 

Our report focuses on the use 
of models and data bases. 

People and nature: linkages 
and conceptual models 

The notion of linkages is an 
essential part of systems analysis. 
where a "system" is defined by 
Webster's dictionary as a "regularly 
interacting or interdependent group 
of items forming a unified whole': A 
llnkage is, in general, some kind of 
relation between two or more ele- 
ments of the system. The elements 
may be physical entities, concepts, 

go to page 8 





- m e  to represenr soclo-ecologcal 
systems at all scales, from the local 
to the global. 

Capableof representing issues to 
be discussed at UNCED. 

All models induded three main 
subsystems: societal, ecological, 
and economic. 

was considered the uitimaie goal ' of development. The level and 
variation of quality of life among the 
members of a given society deter- 

/ mines the societal requirements 
that must be fulfilled in order to 
satisfy the needs and desires of its , members, and partly determines 
the pattern or strategy of develop- 
ment of the society. 

The ecological subsystem 
was considered to be the basic 
provider of natural (renewable and 
non-renewable) resources, of basic 
ecological functions such as waste 
assimilation, and of life-support 

, functions affecting humans and 
' other organisms (climatic and 

hydralogical regulation, etc.). Man- 
aged ecological systems such as 
agricultural lands and managed 
forests were included in this sub- 
system. 

For the purpase of our analy- 
ses, resources were defined as 
material or energy inputs to eco- 
nomic processes. 

Two particularly relevant attrib- 
utes of the ecological subsystem 
were considered to be the renewal 
rates of its constiiuents and its 
robustness or vulnerability. Both 
can be affected by human activities. 
The former determines the natural 
or managed productivily- the rate 
at which the natural "goods and 
services" can be provided or re- 
placed-and the latterthe capacity 
of the subsystem to continue pro- 
viding those goods and senrices. 
or to suffer deep behavioral or 

ictural ecosystemic changes. 

- - 
cluaea nor only aemograpnlc as- 
pects (population size, structure. 
growth rate, etc.), but also per 
capita demand, and the social 
organization (meaning the social, 
cultural, political, and legal situ- 
ation structure, including power 
relationshi). Together, total pop- 
ulation size, per capita demand, 
and social organization were con- 
sidered to determine the total 
demand of goods and services on 
the economy. 

As stated earlier. aualitv of life 

~ n e  economic suosystem 
was considered to impinge on the 
ecological subsystem mainly 
through the processes of produc- 
tion and consumption. mediated by 
the technology that is used. The 
scale or volume of production and 
consumption was considered to be 
central to the relationship. Con- 
sumption was defined to include 
not only commercial products, but 
also natural goods and services, 
such as air tor breathing and fuel- 
wood for cooking. 

The built, man-made environ- 
ment represents part of the accu- 
mulated capital stock generated by 
investments, but it was included as 
a central factor in our conceptual 
models mainly because its quality, 
together with the quality of the 
natural environment, directly affects 
the health and satisfaction of the 
population and hence the quality of 
life of its members. 

On all scales except the 
global, exports and imports of 
economic and non-economic 
items (materials, energy, or infor- 
mation) could exist in our models 
and could be very significant in 
economic and ecologic terms 
(exporting pollution, externalizing 

I environmental costs, etc.). 
Rnally, our conceptual models 

took into consideration planetay 
1 scale "megaprocesses" that are 
( likely to induce profoundchanges, 

such as population growth and ur- 
banization, climatic warming, and 
the current technoeconomic wave 
or Third Industrial Revolution. 
Megaprocesses indude phenome- 
na as diverse as cultural homoge- 
nization, economic restlucturing, 
socio-economic polarization, the 
waning of nation-states, the in- 
crease in the North-South gap, the 
expansion of democfatic regimes, 
dispersion of species, diseases, 
and pathogens, pollution of the 
seas and depletion of the ozone 
layer. The potential for change 
arises not only through the intrinsic 
characteristics of these processes, 
but also from the interactions 
among the1 - 
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subsystems, or mathematical entities 
such as variables. 

Linkages vary just as widely. 
They may be physical flows of matter 
and energy (perhaps the easiest 
linkages to conceptualize), as when 
a pollutant moves from the source 
through the biosphere, up the food 
chain and back to people; or they 
may represent causal influences 
between elements, such as the 
correlation between education of 
women and the size of families. 

The existence of many linkages 
among the elements of a complex 
system implies that a change in 
some part may revehrate through 
the system, eventually triggering 
chanaes in other comoonents. This 

immediately obvious, especially if 
one is examining, because of a 
narrow jurisdictional or scientific 
speciaiiy, only part of the system. 

In dealing with complex systems, 
we must be aware that solutions to 
problems often lie in non4bvious 
linkages. Otherwise, we run the risk 
of treating symptoms ratherthan rod 
causes. 

The chances of discovering the 
key linkages are greatest when as 
much of the system as possible is 
included in the search. Yet this 
runs counter to the modern trend 
towards specialization of knowl- 
edge. In view of the complexity of 
the environment/development nex- 
us. the chances of sustainable 

adopt narrow approaches. 
Using linkages to foster sustain- 

ability, restoring important linkages 
to the system. and even creating 
new linkages is not necessarily more 
diffiwk than the sectoral approaches 
that are usually applied. An intersec- 
toral approach can bring not only 
scientific and technical benefits but 
political ones as well, especially for 
negotiators. By bringing more sec- 
tors under scrutiny, a system-wide 
analysis can open new options; 
benefits for one party in one sector 
can more readily be traded with 
benefits for another party in another 
sector. 

t n 1990 the Second Worfd Cli- 
mate Conference noted that: 

"Among the most important Bn- 
pacis of climate change will be its 
effects on the hydrological cycle 
and water management Systems, 
and, through these, on socio-eco- 
nomicsystems." NASA is address- 
ing some of the disturbing ques- 
tions raised by climate change, and 
by other aspects of global change. 

A monograph tentatively titled 
Water Resources in the Face of 
Climatic and Hydrological Uncer- 
tainty, to be published in 1992, will 
review the current state of knowl- 
edge on the subject and analyze 
some of the future implications. It 
will also discuss several case 
&dies, from the Delaware River 
Basin to the Kariba Hydropower 
System in the Zambezi River Basin. 
The book will include contribvtions 
by researchers in 10 countries. 

h 1991 the project developed 
a meso-scale hydrological model 
based on stochastic storage and its 
application to sensitivity and water 
b8lance impact studies. The meth- 
oddogy was tested for a number 
of river cakhments in Europe and 
Africa, and will be tesfed in more 

may -occur in ways 'that are not 1 development are not great if we 

Water Resources 
detail on river basins in Central 
Europe. 

Futther studies in 1992 will 
focus on questions of climate 
change and water demand man- 
agement, particularly in developing 
countries. The growing populations 
in many developing countries have 
increased their vulnerability to any 
problems that might be brought 
about by climate change. A higher 
population usually mans increased 
domestic and industrial pollution, 
and higher demand for water for 
irrigation. The result is often a de- 
creased quantity and deteriorating 
quality of water. 

An additional study involving 
the Young Scientists' Summer Pro- 
gram will bok at how the "lie" of 
lakes may be influenced by climate 
change. This study will initially wn- 
siderchanges in ice cover, thennal 
stratification, and the inorganic 
carkrn household. 

The long-term objective of the 
studies Is to contribute to a deter- 
mination of those countries and 
regions that are most at risk from 
climate change. 

Meeting the challenge: 
case studies using 
systems analysis 

A number of applications of 
systems analysis, using mainly 
models ("operationalized versions 
of parts of the conceptual model on 
pages 6-7) and data bases are 
examined with respect to their use- 
fulness in indicating and implemen- 
ting policies that would support. 
more sustainable development. 
These case studies, most of them 
involving work done at IIASA, center 
on four basic needs: food, water. 
energy and materials. 

a) Strategic and holistic 
approaches to sustainable 
development 

The case studies show that the 
human needs for food, water, ener- 
gy and assimilative capacity for 
wastes are inter-related. The grow- 
ing of food of course depends on 
water, but it can also compete for 
hydrocadmns needed to manufac- 
ture fertilizers and fuels; fuels are in 
turn used to manufacture and 
transport food. Patterns of energy 
use can also affect food; growing 
conditions may be affected by the 
climatic changes that may result 
from the emission of greenhouse 
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'plelalionships among worM ppulation, 
'pverage per wits calorie mnsumption, 
&real growing area, and e v e w e  cereal 

gases. Efforts to counter climatic 
change through reforestation (a 
method of recapturing carbon re- 
leased to the atmosphere) could 
decrease the potentialgrowing area 
for crops. Such measures should 
be restricted to lands unsuitable for 
agriculture. 

Turning to water, the case 
studies examine how changes in 
water supply could affect, not only 
food prcduction, but other uses of 
water such as the generation of 
hydm-electric power. Water supply 
is directly and indirectly related to 
patterns of energy use; burning of 
fossil fuels releases greenhouse 
gases that could generate climatic 
change. 

Demand for water is a product 
of population change and water use 
per capita. The latter in turn is de- 

Our use of the environment as 
an assimilator of industlial wastes 
could affect our food and water 
supply through toxitication. An ap- 
plication of a systems approach to 
industrial products can help us 
avoid costly mistakes. The case 
studies give an example in which 
banning cadmium in consumer 
products would not necessarily 
reduce the amounts of cadmium 
circulating in our cities, soils. air, 
and water, but merely re-route it. 

In summary, systems analysis 
through the use of relatively simple 
models can alert us to important 
interlinkages. These models need 
not be highly quantitative to be 
useful, as shown in the example of 
qualitative systems analysis applied 
to the water management of the 
Salto Grande Dam on the Uruguay 

#em. ~ e d m p d i i n ~ ~ d e p i d o o m b r ~ ~ n s  I pendent on the technology that is I River. 
a ~opulahn and consumptim reqbnng &d, especially for and 
@areal harvesls of 1.0 biilion and 3.2 bifion 
mneg and a h  the annbinations of grow- the willingness and ability of the 

area and needed to woduca tho= population, through education and 
&eesrs. - I training, to use these technologies. - - 
Population (millions) i 

b) Staying within the canying 
capaafy of the biosphere 

The case studies show that the 
ecological carrying capacity of a 
given region must be examined in 
terms otspecific demands on the 

cologically constrained. Carrying 
:apadty can sometimes be defined 
3s a relatively fixed quantity, as in 
Ihe example given of the 'tritical 
loads" (or maximum ecologically 

e of deposition) for acidic 
nts. But it is not usually a 

ed number in terms of population. 
several reasons. 
First. as the case studies show, 

dinerent tech- 

reg~on's carrying capacity. For 
Ily renewed water 

CIct, ~fsSbtbp#a:(tOnW@W@mj - - ources could be supplemented by 

Filled dok represent per caprta W* emissions by region m 1985, emply dots represent 
emision largefs in 2025, tper  capifa emksbns mue d.bcaredequRab~ to keep atmospheric 
W, emmlons conmnlrabons below 620 ppm. Dmgonal l~nes represent comhnat,ons of 
pcpuiatron andper cam emrss~ons pmdudng total emssmns of if- lof0 tonnes peryear. 
Adapcedfrom Y. Fqu, NASA W d n g  Paper WP-90-55(summanzedm Opttons DecemberSO) 

desalination of sea water. As indicat- 
ed by the general conceptual models 
prepared for this the applica- 
tion of IleW production technologies 
is linked tothe economy of a region, 
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the existence of an education system 
to train operators, and the appropri- 
ate social and economic incentives. 

Second, per capita demand for 
food, water, energy, and assimilation 
of wastes, as illustrated in the con- 
ceptual models, is linked to needs 
and desires, which in turn are influ- 
enced by values and education, 
income and affluence. 

Third, unsustainable practices 
can be supported in a particular 
region by shifting demands beyond 
the regional environment's carrying 
capacity to other regions, as in the 
case of transboundary air pollution. 
In effect, such practices "expoti' 
unsustainability. 

c) Sharing resources in an 
equitable and efficient way 

The three cases examined in 
the report showed that it is essen- 
tial to account for linkages among 
geographical regions and among 
generations if our resources are to 
be used efficiently and equitably. 
Management decisions which take 
into account only a limited part of 
the system run the risk of being 
inefl icient or even harmful. 

One of the cases, the Food 
Information System, shows that 
many developing countries now 
depend heavily on imports of ani- 
mal protein from the developed 
world. Radical reductions of live- 
stock in the developed world might 
in the short run seriously effect the 
food supply of many people in the 
developing world. 

The case study of the ap- 
plication of systems analysis to 
acidification in Europe shows that, 
while helpful, it would be inefficient 
to reduce acid emissions further in 
countries that have already invested 
heavily in emission control. A more 
cost-effective solution would be to 
pool financial resources and to 
spend them in neighboring countries 
that have so tar invested little in 
controls; both sides come out with 
cleaner air and less acidification of 

soils and lakes. 
The report also addresses the 

problems inherent in an equitable 
allocation among the world's people 
-past, present, andfuture-of emis- 
sions of long-lie greenhouse gases. 
The analysis suggested that, at least 
in the short term, devices such as 
tradeable emission allocations may 
be useful in sharing allocations and 
in providing the less developed 
countries with financial resources for 
development. In the long run, howev- 
er, more energy-efficient technolo- 
gies must be developed and adopted 
in all countries. 

d) Continuous management 
of a dynamic system 

It is certain that the characteris- 
tics of our socio-ecological system 
will change in the future, and our 
options for management of re- 
sources such as food, water and the 
disposal of wastes will change with 
them. Systems analysis can be used 
to examine how these options might 
be different in the future. 

The case in which systems 
analysis was applied to the linkage 
between climatic change and food 
indicated that changes in manage- 
ment options will vary by region; in 
parts of the southem hemisphere the 
choice of food crops may be less 
than at present, whereas in mid- 
northem latitudes growing conditions 
may improve. 

On a global scale the area of 
grain-growing land andlor the yield 
per hectare will have to increase to 
meet the needs of a growing wodd 
population, even at present average 
calorific intakes. Overall growing 
area and yield wuld be reduced by 
climatic change brought on by our 
use of energy, or through industrial 
toxification. On the other hand, 
yields could be increased through 
the dissemination of appropriate 
technology, which, as the general 
conceptual models indicate, is linked 
to availability of capital and opera- 
tional skills. 

The case study on water in 
North Africa and the Middle East 
shows that water resources will be 
strained in future by a growing pop- 
ulation: a climaticchange could add 
to the strain. A second case study 
on managing water supply showed 
that treating the Zambesi River 
Basin as a regional system reveals 
management options that allow us 
to meet several criteria for power 
generation and fbod control, even 
in the face of projected climatic 
change. 

The case study of acidiiication 
indicates that, in managing emis- 
sions of pollutants created by the 
burning of fossil fuels, one can use 
systems analysis to determine ew- 
logically-based indicators of change. 
The study on forest decline in Eu- 
rope shows how to use the volume 
of commercial wood receiving harm- 
ful levels of acid deposition as both 
a target for management policies 
and as an indicator of the success 
of those policies. Forest resources 
and the acidcarrying capacity of the 
forest ecosystem are changing in a 
dynamicway; indicators based on a 
systems approach to the chain of 
events linking acid emissions with 
stress on forests can help us adapt 
to these changes. 

Finally, acase study shows that 
management of the by-products of 
a modern industrial economy must 
take account of the complex path- 
ways of these by-products as well 
as environment's capacity to as- 
similate them. A thorough study of 
the pathways of these by-products 
will help avoid wstly management 
mistakes, such as controlling one 
source of pollution while neglecting 
another. 

The study also shows that 
people may unwittingly or deliber- 
ately change the assimilativecapac- 
ity of the environment: for example, 
the ability of the soil to store toxic 
metals may be diminished by acidif- 
ication. A systems approach offers 
us the opportunity to understand 
and manage these factors in an 
integrated, dynamic way. 
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Population, Environment, 
and Development 

A Case Study on Mauritius 

by Wolfgang Lutz 

P opulation has long been dis- 
cussed as a major factor in 

international development, but only 
recently has the issue of population 
- especially the impact of rapid 
population growth - been at the 
center of scientific and political 
controversies over who and what is 
to blame for environmental prob- 
lems. Since 1989 the number of 
international scientific meetings on 
population and environment has 
increased exponentially, as has the 
number of publications: an inter- 
library search for combinations of 
the words 'population' and 'environ- 
ment' gives few titles before 1989 
and a rapid increase thereafter. 

The present debate is contro- 
versial because the causal linkages 
between changes in population size 
and structure and changes in the 
environment are far from being 
direct and constant over time and 
space. Only in minor ways does the 
sheer number of people directly 
affect the environment (such as 
C02 emissions by human breath- 
ing). The major human impacts on 
the natural environment depend on 
prevailing technologies, soils and 
climate as well as patterns of cul- 
ture and consumption. 

These factors vary greatly from 
one region to another, and from one 
state of development to another. 

With respect to environmental im- 
pads, a North African village has 
little in common with a North Amer- 
ican village of the same population. 

Mauritius offers an ideal case 
study to address these issues on a 
manageable scale. The study is 
being carried out by IIASA's Popula- 
tion and Sustainable Development 
Project in collaboration with the 
University of Mauritius, the Mauritian 
Ministry of Economic Planning and 
Development, and the new Ministv 
of the Environment. The project is 
funded by the UN Fund for Popula- 
tion Activities. 

Workstafted in spring 1990 and 
is expected to end in August 1992. 

- Groundwater 
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It began with a first phase of defini- 
tion and data assembly (proceedings 
of a task force meeting held at IlASA 
in September 1990 are published as 
ll ASA CP-91-01: Population, Ewno- 
my, and Environment ;n Mauritius. 
Editors W. Lutz and F.L. Toth), 
followed by a second phase of 
model building. The project is now 
in the third phase of definition and 
calculation of alernative scenarios. 

Other tangible results will be a 
book and several reports. The re- 
sults of the project will be presented 
and discussed at a seminar in 
Mauritius in May 1992 and at the 
UNCED Conference in Brazil in 
June. 

In the complex debate on the 
role of population in global environ- 
mental degradation, it is intended 
that the Mauritius Project make a 
two-fold contribution. First, it will 
produce a model describing the 
dynamics of population/develop- 
mentlenvironment interactions in a 
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model which can be used by Maur- 
itian authorities and scientists to 
consider and evaluate alternate 
paths of development. Already, gov- 
ernment officials are using the labor- 
force part of the model in policy 
planning. 

Second, the model is designed 
to be general enough to give stu- 
dents of populationlenvironment 
interactions a clearer view of how 
linkages may be specified quan- 
titatively and how changes in one 
sector affect other sectors. In other 
words, the model will be useful not 
only for Mauritius, but as a teaching 
tool for the international community 
of scientists and students. 

Phllosophy of the Model 

The Mauritius model has four 
components which are interlinked in 
vamus ways: the population module, 
the economy module, and two envi- 
ronmental modules covering water 
dynamics and land use (page 11). 

Air pollution is not considered in this 
study because it is irrelevant - 
steady winds immediately blow all 
pollution over the vast Indian Ocean. 

A fifth entity within the model is 
the p o l i i  module. Here, information 
from all parts of the model is regis- 
tered and certain pressures are 
exerted that lead to reactions via 
public policy, either in the form of 
legal regulations or of direct govern- 
ment investment. It was decided that 
the complex feedback loops running 
through this policy module should 
not be "hard-wired," or pre-specified; 
instead the user can specify reaction 
through computer-aided scenario 
setting. 

Throughout the model the gen- 
eral approach was to hard-wire only 
immediate, unambiguous interde- 
pendencies between population, 
economic, and environmental mod- 
ules. All other connections could be 
defined by the user. For example, 
regarding population change we felt 
that neither fertility nor mortality 
could be made directly dependent 

on certain economicorenvironmen- 
tal characteristics, because the 
conclusion from the body of 'tera- 
ture on these questions is that there 
is no unambiguous association that 
would allow the definition of a spe- 
cific function. 

The model is set up to run sce- 
narios fmm 1990 to 2050 in f'~e-year 
intervals. A special feature, however. 
will enable the user to run scenarios 
starting in 1960 and compare the 
actual trend over the past 30 years 
to hypothetical alternative trends. 

Mauritius experienced an ex- 
tremely rapid fertility decline in the 
late 1960s and is now beyond the 
demographic transition. Because 
most other lessdeveloped countries 
are still in earlier phases of this 
process, it may be very instructive 
to simulate what impact continued 
high fertility would have had on 
Mauritius. Using this model it may be 
possible to disentangle the effects 
of fertility decline and of economic 
restructuring on the actual develop 
ment of Mauritius. 
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Population Module 

The population module can be 
used either as part of the whole 
system or separately to generate 
population projections by sex, age, 
educational status and labor force 
participation. It is a multi-state pop- 
ulation projection model with seven 
specified states (page 12). The 
projection is done in five-year steps 
and assumptions have to be made 
concerning status-specific fertility, 
mortality, and migration rates, as 
well as the rates of transition be- 
tween the states (for example, the 
transition for 30-35 year old women 
with secondary education into or out 
of the labor force). 

The present rates of transition 
will be given to the user in a pre- 
defined baseline scenario. The 
system's graphical tools make it 
easy for the user to make other 
assumptions concerning the inten- 
sity and age pattern of transitions 
or the timing of any changes. 

The population module influen- 
ces the economy module through 
labor supply by educational groups 
and through consumption, which is 
correlated to education. 

The mmentum of population 
growth ensures that population size 
and structure in the near future are 
to a large extent predetermined by 
the existing age structure. For this 
reason the Mauritian population is 
still growing by more than one per- 
cent per year, due to the relatively 
high numbers of people of child- 
bearing age born during the high- 
fertility years of the 1950s and '60s. 
Continuation of present fertility and 
mortality levels would in the long 
term imply a constancy, if not a 
shrinking, of the population. 

Economy Module 

The economy is represented 
by a demand-driven, input+utput 

model (page 13). International 
trade is exogenous and to be 
specified by the user. Government 
expenditure is a function of popula- 
tion size and age structure and a 
user-provided profile of per-capita 
expenditure. Household demand 
and investment demand are en- 
dogenous. Prices are fixed and 
only material flows are considered. 
Investments are the result of total 
demand for capital and the vintage 
capital stock. Foreign investments 
are user defined. 

An equilibrium is calculated for 
every five-year time period, with 
some characteristics carried over 
from the previous period. The struc- 
ture of the economy can be influ- 
enced by changing final demand. A 
procedure has been developed to 
change the matrii of technical coeffi- 
cients by gradually phasing in new 
sets of coefficients. 

In calculating the equilibrium for 
each period several economic con- 
straints are considered: household 

Land use 
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WATER MODULE 
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income must equal expenditure plus 
savings; savings plus foreign invest- 
ments equal investments; govern- 
ment spending equals income plus 
deficit. Environmental constraints 
such as land use and water avail- 
ability are being included in the 
calculations. 

Land-use Module 

A map of the island of Mauritius 
(page 14) distinguishes among four 
major types of land use: urban use, 
sugar cane, other use including other 
agriculture, and beaches. Between 
1965 and 1986 urban land almost 
doubled, mostly at the expense of 
sugar cane land. Due to a higher 
intensity in sugar cane growing, 

however, total sugar output also 
increasedduring that period. Beach- 
es were given a separate category, 
even though they comprise a small 
proportion of the total area, because 
they are central to the tourist indus- 
try and the Mauritian economy. 

The land-use module reconciles 
compettion by diierent users and 
puts constraints on the economic 
and environmental modules, working 
through a common geographic 
information system. Both the limits 
of land availability and the value of 
land are considered. In a competition 
for land under the baseline scenario, 
the higher-value use wins out; for 
example, urban land over sugar 
cane fields. The user, however, can 
stipulate land-use policies and cah -  
late the economic consequences. 

Water Module 

Three water systems are con- 
sidered separately: surface water 
(stream flow). ground water. and the 
lagoons. The figure on this page 
shows the basic connections be- 
tween these systems, with quan- 
titative information about the extent 
of water exchange. As can be seen 
from the chart, water quality de- 
pends both on the pollution vector. 
which is provided by the economic 
module, and the amount of water 
available to dissolve pollutants. The 
user can then set water quality 
standards and test the implications 
of certain policies on the water 
dynamics system as it is linked to 
population, the economy and land 
use. 
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G lobal Circulation Models 
(GCMs) are essential tools for 

studying the scientific aspects of 
cfimate change and its effects, but 
they are time-consuming and ex- 
pensive to use: a single scenario 
calculation by a GCM on a super- 
computer takes up to six weeks. 
This limits the usefulness of GCMs 
to policymaken. who need models 
that can quickly assess many 
greenhousegas scenarios and con- 
trol options. 

Since 1990 IIASA, in collate 
ration with the Nethedands National 
Institute for Public Health and En- 
vironmental Protection (RIVM) in 

The starting point is an existing 
integrated model developed at 
RIVM, called the Integrated Model 
for Assessing the Greenhouse 
Effect. IMAGE has been selected 
by the Intergovernmental Panel on 
Climate Change (IPCC) as one of 
two standard tools to assess the 
impacts of climatic change, as op- 
posed to GCMs, which are intend- 
ed primarily for basic research. The 
IPCC is already using analyses 
from preliminary versions of IM- 
AGE, and the European Communi- 
ty plans to do so in future. 

values of changes in temperature 
and sea-level rise. Impact models 
need regionalied projections, al- 
though the degree of regionalia- 
tion depends on the model and 
what is assesses. 

The goal of RlVM and IlASA is 
to produce a practical, regionalied. 
integrated assessment model. The 
model will eventually include a 
modified version of IMAGE, an 
accounting framework for green- 
house gases generated by energy 
use and models of global vegeta- 
tion change and forest productivity 
developed at IIASA. 

The international IlASA team, 

oriented model for assessing cli- 
mate change. The goal is not to 
create a "poor ma& GCM". but 
rather to complement them with a 
practical, policy-oriented modeling 
tool. 

The model will be able to cal- 
culate scenarios within minutes or 
hours, rather than weeks, using 
only a personal computer. An add- 
ed advantage of its simplicity, by 
comparison with GCMs, is that it 
can be easily integrated with other 
models that project the ecological 
impacts of climate change, such as 
changes to vegetation. 

Even withcomplex GCMs there 
is great uncertainty over their re- 
gional estimates of the effects of 
climate change: given the same 
scenario of greenhouse gases, 
GCMs tend to produce roughly 
similar global averages, but for any 
given region often pmject widely 
differing values of temperature and 
precipitation. As regional estimates 
by GCMs become more reliable, 
the simplified model being devel- 
oped at IlASA and RIVM can be 
tuned to take advantage of their 
results. 

The goal is not 
to create a 
"poor man's GCM", 
but rather 
to complement 
pure research tools 
with a practical, 
policy-oriented model. 

The IPCC is placing increas- 
ing emphasis on the use of time- 
dependent impact models that are 
linked with energy-emission ac- 
counting frameworks and models 
that predict, in a timedependent 
fashion, important variables such 
as atmospheric concentrations of 
greenhouse gases, temperature 
and precipitation. 

At present IMAGE only partially 
meets these criteria. It is time- 
dependent but gives only global 

~aroslav~rabec, will modiy IMAGE 
to provide regional values of 
changes in temperature and precipi- 
tation. Initial efforts have focussed 
on temperature. The approach is to 
link IMAGE with an Energy Balance 
Model (EBM). For a given concen- 
tration of greenhouse gases, the 
EBM will calculate what equilibrium 
temperature will resuit, considering 
both the balance of short-wave 
radiative energy from the sun and 
infra-red radiative energy from 
various layers in the atmosphere 
and from the earth's surface. The 
horizontal transport of heat by wind 
systems will also be taken into 
account. 

Late in 1991 a preliminaly 
onedimensional (latiiudinal) but 
timedependent version of an EBM 
had been formulated. As described 
in a collaborative paper by Jonas, 
Olendrzynski, and their collabora- 
tor at RIVM. Michel den Elzen, the 
preliminary model calculates tem- 
perature change in latitude bands 
of 10 degrees. One result is shown 
in the accompanying figure: for 
IPCC Scenario A ("business as 
usual"), the average temperature 
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in a given 10-degree latitude band 
increases with time and, generally, 
with latitude in both hemispheres, 
with the greatest increases near 
the North Pole. 

It should be stressed that these 
are the results of a very preliminary 
version of the model. They do not 
include the time lags caused by the 
deep ocean, and are therefore too 
high. RlVM is developing a deep- 
ocean component of the model. 

In 1992, a two-dimensional 
EBM will be developed and a rep- - 
resentation of ice and m e r i d i ~ ~ a l  $ I 
and vertical heat fluxes will be E 
deveboed. Work will also be ex- E 0 

panded to enable estimates of 
precipitation changes with latitude. 
Detailed box structures of land, 
ocean, and atmosphere will be 
gradually incorporated. In late 1992 
and 1993 the modified IMAGE will 
be linked with models of ecological 
effects such as IIASA's Biosphere 
Model and Timber Assessment 
Model. 

Work is proceeding in parallel 
at IlASA to provide regional values 
of temperature and precipitation 
change. Two research assistants. 
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Prel~minaryprojections of temperature increases. by larrrude. alculared by rhe Energy Balance 
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Katharina Fleischmann and Uta 
Nitschke. began this work in the 
summer of 1991. Taking a relatively 
empirical approach, they laid the 
analytical groundwork for combining 
the timedependent temperature 
changes provided by IMAGE with 

the global maps provided by GCMs. 
Again, they are tuning their ap- 
proach to the results of GCMs. This 
work will continue in 1992. 

Roderick Shaw, Maffhias Jonas, 
and Krzysztof Olendrzynski 

f ~ i o s ~ h e r e  Dynamics - Position Announcement 
ne of the major unknowns 

ion. The Institute's global 
n model, developed during 
n the Biosphere Dynamics 

ect, was accepted as a 'Flag 
ept' by the International Geo- 
e-Biosphere Programme's 

The main objective of the Bio- 
phere Dynamics Project is to 
evelop the existing static global 

vegetation biome model into a dy- 
namic transitional model by includ- 
ing processes on short time scales, 

incoprating land-use aspects, and 
regionally validating the biome 
model, taking into account the influ- 
ence of soil quality in the model. 
The work is not restricted to the 
direct effectsof climate, but encom- 
passes other important human 
impacts, including deforestation, 
burning, grazing, and agriculure. 

The Biosphere Dynamics Pm- 
ject is currently without a leader. 
Applicants for the post must have 
a Ph.D. infield biology, ecology, or 
a closely related field and a strong 
publication record. Other require- 
ments are a demonstrated interest 
in global ecological research; ex- 
perience in ecological modeling at 
or above the community level; 
experience in the management of 
research groups; an excellent 

command of written and spoken 
scientific English; and provenfund- 
raising capabilities. 

The dates of the appointment 
are negotiable, but should begin in 
1992, preferably in the spring, with 
an initial contract for two years. 
The salary, exempt from taxation 
in Austria, is based upon experi- 
ence. Applications should be made 
to IlASA Director Peter E. de 
JAnosi, togetherwith a letter giving 
a statement of interests, a curricu- 
lum vitae, two relevant publica- 
tions, and the names of three 
reference persons and their ad- 
dresses and telephone and fax 
numbers, where available. 

Further information is available 
on request from IIASA. 
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Assessing Climate Change 
major problem for anyone A '  trying to understand climate 

change is the sheer volume of 
complex and often contradictory 
data on the subject. The Climate 
Impact Assessment Expert System 
(CLIMEX), created by IiASA's Ad- 
vanced Computer Applications Pro- 
ject. is designed to help users 
make better sense of this informa- 
t i n .  Users of CLIMEX can sort 
through and compare vast amounts 
of climate-related data, create their 
own climate change scenarios, and 
get some idea of the impact on a 
given region. 

CLIMEX is both a repository of 
often disparate information related 

to climate change and a formal 
structure for comparative assess- 
ment of various climate scenarios. 
It combines a global geographical 
intormation system (GIs) and an 
extensive climate data base with a 
rule-based expert system designed 
for impact assessment on a region- 
al scale. 

The GIs component of CLIMEX 
draws together information from 
many different sources that is glob- 
al in scale and relevant to climate 
change study. Prominent among 
them are the climate data base 
developed by IIASA's Biosphere 
Project; data sets and results from 
the project's Borne Model, which 

projects the effects of climate shifts 
on vegetation and carton fluxes; 
and data and results from the Food 
and Agriculture Project's Basic 
Linked System, which combines 35 
national andlor regional models to 
form a global agroeconomic model. 
The data base structure is open: 
additional data sets and maps can 
easily be added. 

Current background data in 
CLIMEX include basic topographic 
data such as elevation, the world 
soil map of the UN Food and Agri- 
cumre Organization (FAO), and 
data on historical, current, and fore- 
cast population from the UN, by 
country. Vegetation maps based on 

January 
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the Olson and Holdridge vegetation 
classlication schemes are also 
included. Basic climate variables, 
including temperature, precipitation. 
and cloudiness from IIASA's climate 
data base, are provided as monthly 
average data sets (bottom). Satel- 
litederived climate data, such as 
surface temperatures from NIM- 
BUS, are also available. 

Complementing this back- 
ground and base-line climate data, 
GCM projections of climate assum- 
ing one and two times current at- 
mospheric C02 concentrations are 
available. Currently, the model in- 
cludes outputs from GCMs created 
by the Goddard Institute for Space 
Studies and the General Fluid Dy- 
namics Laboratory, both in the 
USA, and the United Kingdom 
Meteoroloaical Office. 

@#a' C L I M E X :  C:LIMA' 

With CLIMEX all these data 
L - - - -  -- 

sets can be viewed as topical maps 
and, where appropriate, can be 
animated as a time-series of 
monthly values, or, in the case of 
the population data, in five-year 
intervals. For the climate data base, 
the system also allows the user to 
retrieve and display data from indi- 
vidual stations from the map, and 
display them as a set of histograms 
(page 20, top). 

Up to four maps can be dis- 
played simultaneously for compar- 
ison. This is particularly instructive 
when comparing GCM projections 
with the observed climate data, or 
contrasting differences between the 
GCMs or the models and data with 
other ~otential ex~lanatow var- 
iables, such as elevation (page 18). 

- 
The display system of the GIs 

provides several tools and features ?:.V "m - 

~ ~ ~~ .- 
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be based on a GCM scenario or be 
created by the user, specifying, for 
example, an absolute or relative 
increase in temperature and precip- 
itation, a specified rise in sea level, 
etc. The system applies the modiii- 
ers to base-line information from 
IIASA's climate data base to gen- 
erate a new climate scenario. 

The assessment then uses a 

that help in the visual interpretation I- - 
of the data sets. For example, val- 
ues or labels can be read back 
directly from the maps by pointing 
at the feature of interest, arbitrary 
zooming is supported, and national 
boundaries can be displayed as a 
line overlay for orientation. A color 
editor allows the user to define the 
color composition of a map set for 
better contrast and visibility. For 
example, on the elevation map a 

certain elevation band can be high- 
lighted or given a high-contrast 
color. 

The data sets of the global 
GIs, while of interest in themselves, 
are designed to provide input to 
CLIMEX's analysis component. The 
user first selects a region, such as 
a major river basin, then selects or 
defines aclimate scenario. This can 
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system of checklists that guide the 
user to a set of problems for as- 
sessment (pages 19, top; 20, bot- 
tom). Problems are grouped into 
major themes, such as the natural 
environment, water resources, agri- 
culture and food, industry and the 
energy sector, or population, health 
and socio-economic impacts. Each 
problem involves a number of ques- 
tions that refine the basic scenario 
assumptions or provide additional 
region-specific data that are not yet 
found in the system's data bases. 

The assessment itsen is based 
on a combination of simple models 
and rules. The models are triggered 
to provide individual estimates for 
key variables; for example, irriga- 
tion water demand based on a set 
of FA0 estimation methods. Using 
a distributed parallel computing 
scheme, they are run as an inte- 
grated part of the expert system 
inference mechanism. 

The inference itsen uses near- 
natural language rules that can 
handle both numerical and symbol- 
ic data. Data are retrieved from the 
GIs, the various data bases, or put 
in by the user. The symbolic anal- 
ysis uses rules that are derived 
from the literature and from domain 
experts. These rules, sometimes 
using alternative chains of reason- 
ing depending on the information 
available, lead to an assessment of 
the initial problem on a qualitative 
scale, for example, between insig- 
nificant and major. Any conclusion 
of the system can be further ques- 
tioned. Using an explanatory Why 
option, the system explains, step by 
step, its reasoning and displays the 
rules used, as well as the data util- 
ized. All of the concepts used can 
be further linked to a "hypertex" 
system that provides an interactive 
glossary and background infor- 
mation that offers useful contextual 
information for the assessment 
procedure. 

The expert system's formalism 
provides rigor and flexibiliy at the 
same time. Each and any con- 
clusion must be based on a set of 

welldefined interdependence. This 
enforces intellectual discipline. At 
the same time, the near-natural 
language and rich set of operators 
provided by the rule syntax offers 
considerable expressive power. All 
the system's workings are open for 
critical inspection. Rules can be 
easily understood and modiiied, 
and the menudriven tutorial style 
of dialogue with the system makes 

it very user friendly. 
The same idea of ease of use, 

direct accessibility, and ease of 
understanding is behind the visual- 
ization in the GIs component. To- 
gether they build a powerful set of 
tools that can help to make better 
sense of complex data in the area 
of climate change research. 

Kurt Fedra 
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Technology Development 
and Transfer 

The Tckyo Electric Power Company, 
Inc., and IlASA signed this two-year 
research agreement to assess the 
technical feasibility of new energy 
technologies and their viability in 
Europe, with the emphasis on inter- and 
intra-regional cooperation and tech- 
nology transfer. (Contact: NebojSa 
NakiCenoviC, IIASA) 

Soil Acidification and 
Emission Reductions 

Members of the Transboundary Air 
Pollution Project will assist the Coordi- 
nation Center for Effects (CCE) at the 
National lnstitute for Public Heanh and 
Environmental Protection (RIVM) in the 
Netherlands to implement dynamic soil 
modeling by providing updated input 
data files for the SMART dynamic soil 
model, and will also assist in installing 
the new version of the dynamic RAINS 
soil model at CCE. (Contact: Markus 
Amann, IIASA) 

Life-cycle Analysis Model 

IlASA has signed a memorandum of 
understanding with the University of 
Economics of Vienna to transfer the 
rights to use the lifecycle analysis 
model, operating systems and data- 
base, and their related source ccdes. 
(Contact: Sten Nilsson, IIASA) 

Anthropogenic Air 
Pollutants in Urban Areas 

Under a memorandum of understand- 
ing, signed with the UN Environment 
Programme, NASA will study the feas- 
ibility of developing a software package 
to enable technical staff, particularly in 
less developed countries, to establish, 
compile, andlor estimate emissions of 
anthropogenic air pollutants in urban 
areas. The software would allow for the 

estimation of emissions if limited 
statistical information and technical 
expertise is available. (Contact: Markos 
Amann, IIASA) 

Comparison of Pollution 
Control Models 

Under a nine-month contract with the 
Commission of the European Com- 
munities in Brussels, IlASA will make 
dynamic comparisons of four European 
integrated assessment models. The 
study also indudes a discussion of the 
feasibility of integrating submodels, 
principles, postulates, theoretical or 
other approaches of various models 
into a Multipurpose European Model. 
(Contact: Markus Amann, IIASA) 

Water Management in 
the Vah River Basin 

The Water Research lnstitute (WVH) 
of Bratislava, CSFR, and NASA have 
signed an 18-month collaboration 
agreement in cooperation with the Vah 
River Basin Authority. The objectives of 
the project are: integrated evaluation of 
information available for quantity. 
quality, and pollution loads; preparation 
of a pollution inventory; evaluation of 
pollution sources and quality of ground- 
water; assessment of quantity and 
quality problems using models, as well 
as evaluation of future scenarios and 
the effectiveness of control measures; 
revision of the systems of monitoring 
and water quality classification; and 
recommendation for future policy. (page 
8) (Contact: LBsz16 Somlyddy, IIASA) 

User-oriented Methodology and 
Techniques of Decision Analysisand 
Support, Warsaw, Poland, 9-13 Sep 
tember. 

IIASA's System and Decision Sciences 
Program, in cooperation with the lnsti- 
lute of AutomaticContml of the Warsaw 
University of Technology and the Sys- 
tems Research Institute of the Polish 
Academy of Sciences, organized this 
workshop, supported by the Polish Min- 
istry of Education. Over 70 scientists 
from 14 countries discussed: principles 
of parameterization of de~kibn analytical 
models; user-oriented methods of deal- 
ing with uncertainty; programming algo- . .  . 
rkhms for decision support systems; 
special preprocessors of mathematical 
methods for dedsion analysis; and 
developments in interactive computer 
graphics for decision support systems. 
(Contact: Marek Makowski, IIASA) 

Systems Analysis Techniques for 
International Negotiation, Laxenburg, 
Austria, 9 1 0  October. 

This conference investigated why tech- 
niques to analyze negotiations have not 
been applied in practice and to discuss 
ways of facilitating their use. A second 

objective was to set a research agenda 
forthe Processes of International Nego 
tiation Project that could contribute to 
closing the gap between practitioners 
and scientists. Specialists reported on 
current research on gametheory, cogni- 
tive mapping, statistical anatysis, muU- 
criteria and multi-objective optimization. 
mathematical modeling, and decision 
support systems. (page 5) (Contact: 
Bwtrm Spector, IIASA) 

Implementation of the World Climate 
Program-Water Project A.2, Laxen- 
burg, Austria, 23-25 October. 

IIASA's Water Resources Proiect and 
the World Meteorological ~rganization 
organized this meeting to evaluate and 
discuss the implementation of the 
WCP-Water Project (A.2) on analyzing 
longtime series of hydrological data with 
respect to climate variability. (Contact: 
Ldszld Somlybdy, IIASA) 

Recycling of Paper Products, Laxen- 
burg, Austria, 14 November. 

Twenty industrial representatives were 
given a detailed description of the IDEA 
LieCycle Model, followed by the results 
of a feasibility study undertaken by 
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IIASA's Forest Resources Project. 
(Contact: Sten Nilsson, IIASA) 

ASCEND 21: The International Con- 
ference on an Agenda of Science for 
Environment and Development in the 
2191 Century, Vienna, Austria, 24-29 
November. 

Organized by the International Council 
of Scientific Unions, IIASA, and other 
nongovernmental organizations, this 
conference was a unique exercise, both 
through its focus on development, and 
because of its indusion of scientists 
from many disciplines (natural, social. 
engineering, and health sciences). Some 
250 experts from around the world 
discussed scientilic aspects of environ- 
ment and development and proposed a 
scientific agenda for the nexi 10 to 20 
years. The conference was part of the 
scientific support forthe UN Conference 
on Environment and Development. 
(Contact: Elisabelh Krippl. IIASA) 

Aspects of A Convention t o  Control 
Climate Change, Laxenburg, Austria, 
28 November. 

The Taka Energy Research lnstitute 
(TERI) of New Delhi, India, the Stock- 
holm Environment Instlute (SEI), 
Sweden, and IIASA's Environmentally 
Compatible Energy Strategies Project 
organized this workshop, coinciding 
with the ASCEND meeting in Vienna. 
The purpose was to review the prog- 
ress of the short-term TERI study. 
prepared for the UNCED process, and 
to initiate a longer-term joint study by 
TERI, SEl, and IlASA to assess emis- 
sion allocation schemes. (Contact: 
Leo Schraffenhoker, IIASA) 

CORlNAlR Training Workshop for 
Hexagonale and PHARE Countries 
(1618 December) and Emission 
Inventory for the Hexagonale Coun- 
tries ( l S l S  December), Laxenburg, 
Austria. 

Twenty-five participants from ten coun- 
tries anended these two events, orga- 
nized pintly by the European Environ- 
mental Agency, the PHARE Program of 
the Commission of the European Com- 
munities, and NASA The objective was 
to undertake on-line tutorial and training 

for CORlNAlR software, and discuss 
progress on the Hexagonale emission 
inventories and IIASA's role in wordi- 
nating these inventories. A special 
session was devoted to emissions from 
road transport. (Contad: M;ukosAmann, 
IIASA) 

Forthcoming Conferences 

The following conferences will be 
sponsored or wsponsored by IIASA: 

March 3-5. 1992: Implications of Mass 
Migration in Europe, Vienna, Austria. 
(Contact: Slure &erg, IIASA) 

April 21-8 May, 1992: Global Change 
and Environmental Consideralions for 
Energy System Devekpment, Miramare- 
Trieste, Italy. (Contact: ICTP, P.O. Box 
586. 1-34100 Trieste, ltaly) 

May 12-13, 1992: llASA'92: An Inter- 
national Conference on the Challenges 
to Systems Analysis in the Nineties and 
Beyond, Laxenburg, Austria. (Contact: 
Claudia Hellig-Staindl, IIASA) 

June 2244,1992: Advances in Decision 
Support Systems, Laxenburg, Austria. 
(Contact: Marek Makowski. IIASA) 

June 24-26.1992: Support Systems for 
Decision and Negotiation Processes, 
Warsaw. Poland. (Contact: Zbigniew 
Nahordti., DNS 92. Systems Research 
Institute. Polish Academy of Sciences, 
Newelska 6, PL-01 447 Warsaw) 

October 1992: Intelligent Decision 
' Support Systems. (Contact: Marek 

Makowski, IIASA) 

November 26-27.1992: Applications of 
Decision Support Systems, Tokyo. 
(Contact: Marek Makowski. IIASA) 

In Memoriam has pined the Economic Transition and 
lntegration Project. 

Alexander P. lastrebov (Russia), a 
researcher with the IlASA Crafl of Svs- YOichi Nishimura (Japan), from the 

tams Analysis Project from 1 g n  &ti1 Nuclear Power Section of the Tokyo 

1983. died 27 December 1991. Electric Power Company, has joined the 
Environmentally Compatible Energy I Strategies Project. 

Appointments 

Yuri Ermoliev (Ukraine), Head of the 
Department of Malhemalical Methods of 
Operalions Research at the Institute of 
Cybernetics of the Ukrainian Academy 
of Sciences in Kiev, has joined the 
Social and Environmental Dimensions of 
Technology Project. 

Serguel U. Glaziev (Russia), from the 
Central Economic and Mathematical 
lnstitute in Moscow, has pined the 
Economic Transition and lntegration 
Project. 

Jaraslav Krabec (CSFR), from the 
Institute of Physics of the Atmosphere 
at the CSFR Academy of Sciences in 
Prague, has joined the Global Environ- 
ment Security Projed. 

Mikhail Marinichev (Russia), from the 
lnstitute of World Economy in Moscow, 

Chibo Onyeji (Nigeria), from the 
Center for Advanced Decision Support 
for Water and Environmental Systems 
of the University of Colorado in Boulder, 
USA, has pined the Advanced Com- 
puter Applications Project. 

Astrid Rautengarten (Germany), from 
the Technical University of Dresden, 
has joined the Global Environment 
Security Projed. 

Maarten wn't Riet (Netherlands), from 
the Center for WorM Food Studies of 
the Free University of Amsterdam, has 
joined the Food and AgriwIture Project. 

Awards 

At its 381h meeting, 14-15 November 
1991, the IlASA Council passed a reso- 
lution conferring the title of IlASA Hon- 
orary Scholar on the departing Deputy 
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Director Bo W s .  The Coundl also 
welcomed the appointment of Nathan 
KeW, Leader d the Population Pro- 
gram. as the new IlASA Deputy 
Director. 

At the Board of Trustees Meeting of the 
international Federation of Institutes for 
Advanced Study, held in Wuppertal. 
Germany, 11-13 November 1991. 
IlASA Diredor Peter do Jtnosl was 
elected to the Executive Commatee. 

Position Announcement 
Optimization Research 

I1A.W~ Peccei Scholarship is awarded lor wklendm wrdiamtmn in the annual Younn 

I Scim~WSummupmSram. The 1991 ~ e a e ' r e c i p e n t i a i ,  lerilo right Elem N. ~ o u l a n ~ ;  
(USSR). from fmm llnslitvle of Control Scienms d the Academy 01 Sciencas of Ute USSR in 
MOSCOW; WoNpng K* (Germmy), horn Yale UniversiIv n NW Haven. ConneCUcuI, USA; 
and Amnd. Woll (W, hwn the University ol Mawland in Cdkp Park Maryknd. USA 

The goal of IIASA's optimization 
studies is to develop procedures and 
mathematical frameworks that allow 

techniques for a b x h k i  optimization 
pmblems. Techniques involved indude 
the~ries oi epiconvergence, random 
sets, large deviatbns and variational 
analysis, and statiitical asymptotic 
analysis. 

Areas of research indude: numeri- 
cal methods in stochasticoptimization; 
the control and opiimkatbn of discrete- 
event syslm, devebpment d bore& 
cal tools and their testing on applied 
projects at llAsA and elsewhere. 

A p p l i i  should have a Ph.D. in 
operation research, applied methe- 
matics or computer sciences, knowl- 
edge of FORTRAN, C, and PASCAL, 
and experience in decision making and 
decision support systems. Experience 
in programming in the MS-DOS envi- 
mnment,wotWng with UNIX, and in the 
design d optimizalion algsrithms. data 
bases, user interfaces, and information 
systems is also required. They must be 
fluent in English. 

The initial oontract will be lot one 
year, starting around July, 1992, with 
salary based on expehmx. Applica- 
tions should be made by 15 April lo 
llASA Diredor Peter E. de Jbnosi, 
including a wniculum vitae, two rele- 
vant publiitiorm, and the names of 
lhree reference persons, their address- 
es and telephone and tdefax numbers. 

model butldeni todeal with uncertain- 
ties without unjudWous s i m p l i i i n .  
The willbethe inter- 
playbe-dadacoiiedionv 

the search for a soiution' Other 
work will involve i m ~ r o v h  solution 

Mountain World in Danger: Cllmate 
Change in the F o r d s  and Moun- 
tains of Europe. S. Nilsson, D. Pin. 
Eatthscan Publications Ltd.. London. 
ISBN 1-85383-1 18-2. 

Computer Integrated Manufacturing, 
Volume 2: The Past, the Present and 
the Future. R.U. Ayres, M.E. Merchant. 
J. Ranta Chapman and Hall, London1 
New YoWokyo. ISBN 041 2404508. 

//ASA Books 

Th, following boobooks are now available 
from your regular book supplier or 
direct from ihe publisher. 

Computer lntegrled Management, 
Volume 3: Models. Case Studies and 

IASA Reports 
The followingreporls are available from 
Robert Mclnnes, NASA Pobiicatims 
Depaflment, for the amounts indicated. 

Hunger: Beyond the Reach of the 
Invisible Hand. G. Fischer, K.K. Froh- 
berg, M.A. Keyzar, K.S. Parikh, W. 
Tims. October 1991. RR-91-15. US$20. 

Environmental Isauea Requiring 
International Action. B.R. Oct; 
ber 1991. RR-91-16. US $10. 

Long W m s ,  Technology Diffusion, 
and Substitution. A. Griibler, N. Naki- 
CenoviC. Odober 1991. Reprinted from 
Review XIV(2):313-342. Spring 1991. 
FIR-91-17. US $10. 

Forecasts of ~iff&bn. R.U. Ayres. I. 
Tchijov, W. Haywood. Chapman and 
Hall, LondonlNew YoWokyo. ISBN 
0-41 2-404606. 

What Is To Be Done? Proposals for 
the Soviet Transition to the Market. 
M.J. Peck, T.J. Richardson, Ednors. 
Yale University Press, New Haven1 
London. ISBN 0-300-05466-1. 

The IlASA Database for Mean Monthly 
Values of Temperature, Precipitation, 
end Cloudiness on a Global Terrestri- 
al Grid. R. Leemans, W.P. Cramer. 
November 1991. RR-91-18. US $10. 

Computer Integrated Management, 
Voluma 4: Economic and Social 
Impacts. R.U. Ayres, R. Dobrinski, K. 

E' Zuskovitch' and 
LondonlNew YoWokyo. ISBN 0 4 2 -  
40470-2 

Selecting a Flexible Manufacturing 
System using Muitiple Criteria Analy- 
sis. A Stam, M. Kuula December 1991. 
Reprinted from International Journal of 
P r M o n  Research. 29(4): 803-820. 
RR-91-20. US $5. 

Expert Sy.tenu for Environmental 
Screening. An Applbtion in the 
Lower Mekong Basin. K. Fedra. L. 
Winkelbauer, V.R. Pantulu. November 
1991. RR-91 -19. US $20. 



El IIASA 
l n t e r n a t i o n a l  i n s t i t u t e  
for Applied Systems Analysis 

IlASA's ROLE RESEARCH 

+Capital Chis of NMO Coumrlas 

The International lnstitute for Recent projects include studies on 
Applied Systems Analysis is an inter- global climate change, computer 
national, nongovernmental research modelling of global vegetation, 
institution sponsored by scientific heavy metal pollution, a6d rain, 
organizations from 15 countries, forest decline, economic transitions 
IIASA's objective is to bring together from central planning to open mar- 
scientistsfmmvariouscountriesand kets, the social and economic im- 

I 
disciplines to conduct research in plications of population change, 
a setting that Is non-political and 
scientifically rigorous. It aims to pro- 
vide policy-oriented research results 
that deal with issues transcending 
national boundaries. Resident 
scientists at NASA coordinate re- 
search projects, working in collabo- 
ration wlth worldwide networks of 
researchers, policymakers, and re- 
search organizations. 

Cl ENVIRONMENT su 

MEMBERSHIP 
llASA was founded in 1972 on the 
initiative of the USA and the USSR, 
and now also includes eleven Euro- 
pean countries, Canada, and Japan. 
llASA has member organizations in 
the following countries: Austria, Bul- 
garia, Canada, the Czech and Slovak 
Federal Republic, Finland, France, 
Germany, Hungary, Italy, Japan, the 
Netherlands, Poland, the Russian 
Federation, Sweden, and the Unlted 
States of America. 

FURTHER INFORMATlON 
processes of international negotia- Further information about NASA and 
tions, and the theory and methods of Its work is available from: The Office 
systems analysis. ilASA applies the of Communications, International 
tools and techniques of systems Institute for Applied Systems Analy- 
analysis to these and other issues of sis, A2361 Laxenburg, Austria, Tels - global importance. phone (02236) 71 521-0. 


