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Several "world"or "global"energy stud. 
ies have been conducted within the past 
few years, e.g.* the Workshop On Alter- 
native Energy Strategies (WAES). The 
Second Clubof Rome Report, the OECD 
energy forecast (World Energy Outlook). 
and the I lASA Energy Systems Program 
which is still wder way. These 

studies play an important role in 
providing a broad for efforts 

evaluate the 'Ombined ~ ' : l o h a r  effect 
o f  various national strategies and tech- 
nological choices. In  contrast, a region. 

rather than global, was 
employed for the I lASA EnergyIEnvi. 
ronment study because of the convic- 
t ion that many o f  the significant social 
and environmental consequences of 
energy are best analyzed within 
the context of a lin~ited g ~ o ~ r o p h i r a i  
r e ~ i o n .  Since many of the important 
energy and environmental decision and 
policymaking institutions are at the 
regional Or national level, a usable pol- 
icy tool Or analysis should address 

at that level. Of this 
be done with an eye global 
which are becoming apparent in 
all regions. By choosing regions with 
greatly differing characteristics, the 
'IASA team t' develop a better 
understanding of some of the relation- 
ships within an energy system. Com- 
parative studies of differing energy sys- 
tems can help formulate a more general- 
ized of  systems behavior' 
as as an of the general- 

of the techniques used study and 
manage them. 

Four Differing Regions 

Four regions were studied, three of 
them in Europe, one in the United 
States: Austria (IIASA's host coun- 
try), the Rhone-Alpes area in France, 
the German Democratic Republic 
(GDR), and the State o f  Wisconsin in 
the USA. The studies were conducted 
by  an international core research team 
at IIASA in close collaboration with 
energy and environmental institutions 
in each of the regions. 

A comparison of historical energy use in 
the four regions has revealed some large 
differences. Wisconsin has by far the 
greatest per capita energy use-three 
times that of Austria-whereas on a den- 
sity basis the GDR has almost twice the 
energy use of Rhone-Alpes and three 
times that of Wisconsin and Austria. 
Although the energy density varies con- 
siderably within a region, this overall 
density for the region is.nevertheless in-  
dicative o f  the concentration of energy- 
related activities. 

The primary energy sources differ signif- 
icantly: nearly 70% of Austria's energy 
is provided by petroleum and gas (most. 
ly importedl, The GDR relies heavily 
on coal (mainly domestically strip. 

mined), whereas the Rhone-Alpes is 
heavily dependent on petroleum and 
hydropower. Wisconsin, although hav- 
ing no naturally occurring fuel resources 
within its boundaries, has a diverse sup. 
ply mix consisting mainly of petroleum, 
natural gas, and coal; uranium has pro. 
vided a growing fraction of its energy.' 

Scenarios to View the Future 

The I lASA study used scenario building 
as a formal quantitative approach to 
policy analysis and the examination of 
energylenvironment strategies. The 
process was one 

1 I specifying given policies tor the re- 
gions, within the framework o f  their 
initial conditions and constraints, 
and 

2)  evaluating the resulting development 
and evolution of the regions, 

The policy issues were chosen on the 
basis of their common interest to the re- 
gions as well as for their relevance in the 
mid- to  long-time frame (5 to  50 years). 
The issues were addressed by two specif- 
ic paths. First, alternative "policy sets" 
were developed for application in each 
region and the resulting scenarios were 
investigated. Second, "sensitivity stud- 
ies" were conducted to  evaluate the ef. 
fects of variations in only one or a few 
policy variables while holding the others 
constant, 

In  order t o  create a framework within 
which a scenario could be built, four 
overall characteristics were specified, 
namely: Socioeconomic structure; 
Lifestyle; Technology: and Environ- 
ment. Within these four general cate- 
gories, a large number of assumptions 
about policies andlor future events were 
built into the scenarios. The resulting 
energy futures were not developed as 
predictions, but rather were intended to  
help test and compare the consequences 
of different policy choices. The policies 
and assumptions were not chosen arbi. 
trarily, but were developed from lengthy 
and repeated interactions with collab- 
orating specialists in the respective re- 
gions. Where possible, they were tested 
by  reference to other economicor tech- 
nical studies, such as the GDR long-term 
energy outlook and national energy as- 
sessments in France and Austria. 

Methodology 

The principal analytictool used to exam- 
ine the scenarios was a family of simula- 
t ion models [ I  1 originally developed in 
Pan at the University of Wisconsin and 
extended at IIASA to treat energylenvi- 
ronment systems with characteristics 
differing from the Wisconsin system. 
The models simulate a region's energy 

'Homver.  a moratorium on new nuclear 
with the exception of  i n  

,heplanning s t a q e ~ a r  imposed. 

system within a framework that in- 
cludes energy demand. regional supply 
systems, and environmental impacts. 
Most o f  the models are based on engi- 
neering process descriptions. Socio- 
economic development o f  the regions, 
e.g., population, settlement patterns, 
economic activity, etc., was modeled 
differently i n  each of the regions; the 
techniques ranged from extrapolating 
the trend of the value-added variables 
(Wisconsinl t o  use of a demandariented 
inputautput model (Austria]. In  all 
cases, care was taken that the regional 
socioeconomic development scenarios 
were consistent with national andlor 
global patterns. 

Becausethe studiesfor the GDR, Rhone- 
Alpes and Wisconsin were conducted 
simultaneously and coordinated rather 
closely, some scenario characteristics 
could be specified in common to all 
three o f  the regions, e.g.. stronger con- 
servation measures, greater emphasis on 
renewable energy sources, etc. Although 
the Austrian study was conducted sub. 
sequently, the scenarios were 
in a similar manner. For all regions, the 
energy scenarios could be categorized as 
high, medium, or low cases. The poli- 
cies and assumptions in the medium 
cases are in general a continuation o f  
current trends (at the time the scenarios 
were mnstructedl and assume no dra- 
matic changes in energy prices. The high 
scenarios result from policies leading to 
higher growth in energy use: they are 
based on the presumption of decreasing 
relative energy costs and few incentives 
for improved efficiency of energy use. 
The low energy scenarios are based on 
the presumption o f  higher relative ener- 
gy costs and on the desirability of ener- 
gy saving measures; however, they do 
not depict the lowest energy consump- 
t ion future that could reasonably be 
constructed. 

Low Growth Rates o f  Energy 

In  general, the major findings of these 
studies are not the result of any single 
scenario, but rather were deduced from 
the analysis o f  the entire set of senarios 
and sensitivity studies. The scenarios 
studied for all four regions indicate that 
future energy growth rates will be con- 
siderably lower than historical values, 
although the regions differ considerably. 
In  Austria for instance, in the case of 
vigorous conservation measures and 
somewhat lower than historical econom. 
ic growth, the growth rate for energy 
demand could drop to  less than one per. 
cent per year after the year 2000 ldur- 
ing the sixties i t  averaged more than five 
percent). 

Another important result of the study 
was additional insight into the o h -  
debated relationship between energy. 
consumption and economic growth. In  
the scenarios we have investigated the 
potential concurrent trends in economic 
activity and energy use b y  means of an 



"inferred elasticity": this elasticity ex. 
presses the ratio o f  percentage change in 
annual energy use to percentage change 
in economic activity k g . .  GNP). In 
general for all of the regions, the elastic- 
i ty  over the next few decades was less 
than one, indicating that the ratio o f  
primary energy to GNP decreases over 
time. Decoupling of GNP and energy 
growth in pan reflects the shifts o f  
these industrialized regions toward more 
service+riented societies. The shift 
contrasts with developing countries, 
which, during certain phases of indus. 
trial development, may experience ener- 
gy growth rates exceeding GNPgrowth. 
This contrast may be analogous to what 
i s  known as the "demographic transi. 
tion" in population dynamics (in devel- 
oped countries, birth rates tend to de- 
cline and migration patterns change). 
This interpretationof rheenergy dynarn- 

cant improvement in fuel economy 
(Scenario 52 in Fig. 1). the Wisconsin 
consumption (mainly petroleum) would 
remain far higher than in the other re- 
gions. The U.S. Energy Policy and Con- 
servation A n  (EPCA), which requires an 
annual fleetwide average fuel economy 
for new cars sold that reaches 8.6 liters 
o f  gasoline per 100 kilometers by the 
year 1985, wil l  dramatically change this 
situation (Scenario W1 in Fig. 1 I .  This 
reduction in consumption in the trans. 
port sector could have an important im- 
pact on the oil imports of the United 
States. Our studies 121 indicate that a 
continuation o f  the rapidly increasing 
auto ownership in the GDR,and a mod- 
est extension o f  EPCA in the USA 
would result in Wisconsin per capita use 
for personal transport exceeding that o f  
the GDR by  only 20% in the year 2000 
(Fig. 1 I .  
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Figure 1 : Personal Transporation Energy Use Per Capita: 

Bezirk Z - GDR (S l ) :  Car ownership rises to approximately 240 cars per 1000 per- 
sons by 2025: fuel economy remains approximately constant. 

Austria (S1 ): Car ownership and efficiency saturates at 300 vehicles per 
1000 persons and 8.9 liters1100 km. respectively. 

Austria (54): Same as S1 except efficiency improves to  7.0 liters/lllO km. 
Rhone-Alpes 6 1 ) :  Ownership and efficiency do not greatly change. 
Wisconsin (52): Fuel efficiency remains at level o f  1975 cars: ownership and 

travel length unchanged. 
Wisconsin (W1 1: Introduction of U.S. Energy Policy and Conservation Act 

standards. 

The graph also indicates levels o f  per capita energy use for personal transport for 
some other countries for reference. 

ics needs considerably more investiga- 
t ion under more diverse conditions. The 
current extension o f  our studies to de- 
veloping regions o f  the world should 
shed further light o n  the subject. 

Petroleum Consumption in the USA 

A number of interesting features of fu- 
ture energy demand were examined for 
various economic sectors (residential, 
transportation, industry, commercial 
and service). For example, the present 
per capita energy consumption for per. 
sonal transport i s  four times as high in 
Wisconsin as in Austria. With no signifi. 

Environmental Implications 

The analysis o f  environmental conse- 
quences was one of the major objectives 
of resional scenario buildina. A wide 
range-of environmental ind;cators was 
used to characterize the environmental 
implications of alternative energy poli- 
cies. The choice o f  this set o f  impacts 
i s  o f  course a subjective one, and vary- 
ing degrees of uncertainty and contro- 
versy are associated with many of the 
impact factors. Nevertheless a system- 
wide Picture of these auantified imoacts 
has ;rovided valuable' input to energy 
policy in the regions (31. 

Aim: Improved Energy/Environment 
Management 

The preceding paragraphs have high- 
lighted only a few of the results o f  our 
research. The testing and development 
o f  methodological tools for the greatly 
differing institutional frameworks was a 
challenging and valuable experience for 
the I lASA research team 141. But of 
equal importance is the significant trans. 
fer o f  models and analytic methodology 
between I lASA and the collaboratina ~ ~ 

institutions in theregions. For example. 
in Austria. the Electric Uti l i tv Associa- 
t ion is already making use o f  the I IASAl 
Wisconsin energy demand models for 
examining its electricity forecasts; the 
City of Vienna has employed the resi- 
dential sector model to  explore alter- 
native energy conservation strategies. In  
the GDR, both the scenario results and 
some of  the methods of environmental 
impact analysis are playing a role in 
energy planning at the Leipzig lnstitut 
fur Energetik, the main planning arm of  
the Ministry of Energy. In  Wisconsin 
the entire family of models has been 
incorporated into the Office of State 
Planning and Energy. 

A Research Network 

One o f  the most important outputs o f  
this research has been the creation of a 
network o f  research institutions, coor- 
dinated by  IIASA and providing it with 
encouragement in its role as catalyst and 
wordinator of policyariented research 
in the international scientific commun- 
itv. Scientists from these institutions 
continue to  address in concert the prob- 
lems addressed in the IIASA study,and 
work on other regions is already under- 
way. Although we realize that there can 
never be a universal energylenvironment 
model, our long range goal is generaliza- 
t ion of the approaches into a coherent 
and sound process for resource manage- 
ment in all regions o f  the world. 
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CIobaI Modeling: Modeler C!ienf RzIationships 

I'ver since its forlntlation in 1972. 11!V \ hi~s proviclrtl a forllln for 
thr nn~all colnrnr~nity ol'glol)al rnoclrlrrs. wl~ i r l i  startrtl forming 
itself in the rarly sr\rntir.s. ! V l l ~ t , ~ ~ g l ~  no actual (;lol)al hlorlrl. 

i r~c restai~i-1.11 is rarrirfl 0111 a1 11.kS (1, l l ~ e  oI>vio~~s ir~tc-rarlion 
of lllr inst i l~~lr 's  own global s111tlies in cerlain serlors 

(enrrg? , food anrl ngrirl~ltrlre) n~eanl Illal il was 
nahlral for I I~ASA to herp a nionitoring brirf on the 

work coing on rlsewl~rrr in Ill? world. anrl lllc most satisfar- 
lory \v:I)- to clo this w n  l o  pmvirle an internalional f u n l n ~  for 

tllr intercl~ange ofrxperirr~rr  via a series of an1111i1l conferrnrrs. Thr 
latrsl rnprling in Illis srrirs, I l~r  Sixth I IAS 4 (:loI)al \lotleling (:onI'erenre. 

w,I~icli tool< plarr from Orlol~er 17 to 20. ronccntrated on iss~les in 
plol~al modrling r i ~ l l ~ c ~  Illan clealin: wit11 onr or two spcrifir niotl- 

f4n. One of tllr ~nosl conlroveraial islille~ d i ~ r ~ ~ s s r d  at I l l i s  rneet- 
in.: was tllr rrI:~tioncliip Ibrtrvrrn tllr inodrler ant1 Itis rlirnl. 

an issue riot only ilriporlanl for plol,al ~nodeli~ip, but 
for ~ n n ~ l ~ t ~ m n l i r n l  niotlrling in p n ~ r a l .  As we krl that LIlis 

topic is  o f  inlrrrsl to a wider a~lrlirnee, OPTIONS publislles ~IIP 
fr)lloning paper on tl~r Rlncleler-Client Rrlationsllip in global rnoclel- 
in; wlli<.l~ rellrrts I l ~ r  in~tl~or's l l rrso~~al acrounl of this clisc~~asion. 

Global modeling started out as client- 
directed, under a strong client, and 
shifted to become academic and client- 
independent. The client centeredness 
of the first global models is  clear. The 
Club of Rome set the ball rolling-first 
they hired Hans Ozbekhan, a cyberneti- 
cian. with the hope that he could assist 
in conceptualizing and clarifying the 
tangle of interrelated problems that the 
Club called the "global problematique". 
The Club remained in a directing posi- 
tion; when Ozbekhan's work stayed too 
long on too high a level of abstraction, 
they withdrew support; whereupon 
Jay Forrester appeared on the scene. 
Forrester is by training an engineer. 
and he related to the Club in a fashion 
typical of engineer.client relations. 
After ascertaining the problem focus of 
the intended model at a Club of Rome 
meeting. Forrester built a simple work- 
ing prototype model-WORLD 1-for 
client review. WORLD 1 was enthusi- 
astically received, and was revised and 
documented as WORLD 2. After ap- 
proving the prototype, the Club found 
funding for a full-scale marketable prod- 
un-WORLD 3, which was constructed 
by former students of Forrester under 
his supervision. The Club only relin- 
quished control when the exercise had 
produced their desired productas evi- 
denced by the fact that client pressure 
drove the modelers to violate their sci- 
entific values by publishing the 1,imitr 

'Jennifer Robinson joined IIASA'r Food and 
Agriculture Project in September 1978. Her 
work involves structural invenigationr of  
agricu tura rvrtem5 and invertiqx an 01  
a.laly!#c rne!nnn< .sea n te~hnoloq~ca POI 
c v  lormalitn Pr 0 1  10 tnal. .n@nnrk@o w i n  
the Global 2000 Study at the US Council on 
Environmental Quality and as a research 
assistant to 0. Meadow at Dartmouth. 

l o  Cron~th before the technical docu- 
mentation for WORLD3 was completed. 

The Modeler as Client 

Later global models have become pro- 
gressively less client-oriented. The 
Mesarovic/Pestel World Model (other- 
wise known as the World Integrated 
Model or WIM) originated under the 
special circumstance of having the 
modelers among their own clientele. 
This allowed the modelers to follow 
their proclivities with minimal external 
control. The result was a large detailed 
model with central conceptualization 
designed in accordance with the mod- 
elers' perception of  the global system. 
In theory the model was useroriented. 
However, for the Mesarovic/Pestel Mod- 
el, "client-oriented" had a distinctly 
different meaning than for the three 
WORLD models. In the WORLD mod- 
els, "client" was a specific, named en- 
t i ty. In the Mesarovic/Pestel work, 
"client" was a generic concept, and the 
model aspired to be adaptable to many 
clients-mostly policy makers. The 
WORLD models were custom designed. 
The WIM was not. In my observation 
the multipleclient strategy has been 
only partially successful. That is, a 
large number of agencies have been 
convinced to contract for use of the 
WIM and have reflected with interest 
and curiosity on its outputs, but it has 
not to date come to be well understood 
or institutionalized as a planning tool by 
any of i t s  users. 

Like the MesaroviclPestel model, later 
global models were based on modeler 
perceptions of  the world and have sought 
clients for their work in  national govern. 

ments and international organizations. 
The UN World Model, FUJI, SARUM 
and the Latin American World Model 
have a l l  been brought into policy analy- 
sis in one way or another. None of the 
modelers involved are terribly enthusi- 
astic about the results of their work in 
the policy arena, and several are openly 
cynical. Complaints against policy 
makers include the following: they 
only listen when you tell them what 
they want to hear; their time horizons 
are too short to use long.term models; 
and they are not open to insights about 
how the world operates. 

Will the Client Believe? 

The policy-makers' version of these 
stories remains unrecorded; however. 
given the large number of people with 
solutions to the world's problems and 
the equally large number pointing out 
the difficulties with the policy-makers' 
solutions, it is not surprising that pol- 
icy makers have not paid global mod- 
elers much heed-especially given the 
controversial character of many models 
and their typically large number of un. 
realistic caveats (e.g., assuming no wars 
or revolutions and no technological 
shifts). There may be a basic principle 
to be discovered here. For example. 
where the part of model structure clear- 
ly relating to client interest is  domi- 
nated by a structure that does not re- 
late to client conceptualizations, it is 
very difficult for the client to under- 
stand or trust the model. If this rule 
holds, it follows that models have to be 
almost custom designed to establish 
client rapport, and that modeler.con. 
ceived multi-client models are prone 
to failure. 



were grossly underestimated with the 
consequence that model construction 
greatly overshadowed model testing. 
documentation and refinement. Much 
of the energy used in  global modeling 
has gone to "starting costs" such as 
learning how to run interdisciplinary 
investigations, finding data sources, con- 
structing software, and finding capable 
staff members. Modelers appear to be 
catching on to procedures such as bud- 
geting for documentation and testing; 
and start-up costs decrease with experi- 
ence. Those who continue with global 
modeling should be able to turn out 
better quality work at a lower cost than 
did their predecessors-although the ex- 
citement of the earlier work has died 
down, 

Changing Clientele 

Variousinstitutions~includingtheWorld 
Bank and oi l  companies-have discover- 
ed that world models constructed to 
solve their specific problems can be use. 
ful, and havebegun employ modelers, 
The resulting models are tending to be 
custom-designed, as were the WORLD 
models. There also appears to be a ten. 
dency for national planning models to 
expand their treatment of the rest of 
the world..and to move toward greater 
consideration of intersectoral activities. 
In the USA, for example. the lnterna. 
tional Energy Evaluation System IIIES) 
has replaced the Project Independence 
Energy System (PIES); almost every- 
where agricultural models are being ex- 
panded to account for increasing energy 
costs. 

Funhermore. clients should be getting 
more sophisticated. Each year more 
people are trained in computer techni- 
ques of all sorts, and each year people 
with training in systems analysis gain 
seniority. 

Changing Global Situation 

Finally, the seriousness of global prob- 
lems will increase over the next fewde- 
cades, and with it the urgency for new 
integrated approaches to their manage- 
ment. Modeling could serve a useful 
role in reducing the uncertainties. and 
helping to derive efficient and humane 
strategies for its management. 

In sum, global modeling is  an evolving 
institution in arapidlychanging environ. 
ment. In the past, modelers have look- 
ed increasingly t o  academic sponsors for 
support, which appears to be an evolu- 
tionary dead end-both because aca- 
demia lacks funds and because i t  does 
not provide selective pressures that en- 
courage pragmatic, interdisciplinary, ho- 
listic thinking. However, pressures are 
mounting, from both modelers and cli. 
ents. and from changes in the global 
situation as well, to bring global models 
out o f  the ivory tower and into a useful 
role in dealing with global problems. 

Get Rid of Clients? 

The logical next step after multiclient 
modeling i s  "clientless" modeling, mean- 
ing not modeling without a sponsor 
[which, given the costs involved, is  al- 
most impossible) but modeling where 
neither the sponsor nor parties associat- 
ed with him are involved in model con- 
ceptualization or development. 

The only obvious niche for clientless 
modeling is pure science* where fund- 
ing Is procured for theoretical research 
and research findings are to be present. 
ed to scientific peers. Pure science, 
however, 's an uncomfortable niche for 
the global modeler. First, competition 
istight and funding hasbecome extreme. 
Iy hard to secure. The scientific estab- 
lishment appears to question whether 
global modeling i s  a science-r an exer- 
cise in ideology-and is easily con- 
vinced of the values of further global 
modeling work. 

Second, the traditional modes of com- 
munication in the sciences are not ade- 
quate for the presentation of global 
models. Scientific journal articles are 
a poor forum for the description of 
models. Model documentation is  d i f f i -  
cult and expensive to prepare, volumi- 
nous generally, and boring. Publishers 
are hard to find, audiences are sparse. 
Once published it is as likely as not that 
an article will merely gather dust. The 
only fast way for academic articles to 
reach a wider public i s  for them to be 
picked up and transmitted by the popu- 
lar press-which may sufficiently distort 
an article's content that the publicity 
becomes more of a curse than a blessing. 

Third, the academic atmosphere, with 
i t s  selection Pressures favoring the eso- 
teric, the refined. the theoretically pure 
and the specialized, is  not a particularly 
healthy environment for multi-disciplin- 
ary global modeling. Criticism from an 
academic audience does not generally 
help a modeler develop an overview of 
the real world, or assist  him in figuring 
out what in his model i s  of general im- 
portance, what is unclear or incompre. 
hensible, and what is nonsense. Rather, 
i t  tends to call his attention to abstract 
details, such as whether he would have 
done better to use some other data base, 
computing routine, or estimation proce. 
dure. 

Ironically, the attempt to be purely sci- 
entific and client free seems to be re- 
sponsible for giving global modeling 
something other than the basically co- 
operative and universal-minded spirit 
that is supposed to characterize pure 
science. With funding scarce and audi- 
ences growing deaf, global modelers are 
apt to make a case for their own work 
by overselling it and deprecating the 
work of others, only to be followed 
by others who denounce their work in 
turn. This situation seems to have 
worked itself to its logical conclusion: 

funding seems a t  least temporarily to 
have dried up for academic models o f  
the world. To my knowledge no new 
global models have been initiated in 
the name of  science since about 1974. 

The Past and the Future 

Over the course of the past decade, 
global modeling has moved out from 
under the wing of the Club of Rome 
and come to be sponsored both as a 
policy tool and as a form of academic 
analysis. In general, recent sponsors of 
global modeling have not known what 
they want from global models, and have 
not found much use for their output. 
shortages of funds have 
some modelers and others, 
At times competition for the limited 
available funds has become uncivil and 
charanerized by overselling and slander, 
Public audiencesseem bored with global 
modeling, and the scientificcommunity 
remains sceptical. 

If modeler-client relationships continue 
in the present vein, a scenario for the 
next decade might be: 

1 )  Mesarovic, the Carter-Petri (the UN 
World Model) groupand Other multi- 
client strategy modelers will find 
occasional commissions by various 
bureaucracies, but no meaningful 
swnsorship. 

2) The institutionalizedmodelinggroups 
and FUJI' will be funded 

until some bureaucratic adjustment 
cuts them off. 

3) Two or three more books will come 
documenting global models, but 

they will probably not sell well; and 

4) ~ l ~ ~ ~ l  modeling will pass away as a 
fad, 

The above scenario, like most trend ex. 
trapolations, misses turning points; it i s  
unlikely that global modeling will arrive 
at the above dead end. Three factors 
are operating t o  alter the present trend: 

1) Modelers are becoming more profes. 
sional. 

2) Potential global model clients are 
getting more numerous and more 
sophisticated, and 

3) The global situation i s  becoming 
more critical, making the need for 
models greater and more apparent. 

Below the three factors are examined 
separately. 

Professionalism Replacing Pioneering 

The early years of global modeling were 
characterized by exuberance, unrealistic 
expectations and inexperienced manage. 
ment. Costs and time requirements 
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and manager is emphasized, and innova. 
rive methods of achieving this communi- 
cation aredescribed. 

Part 2 documents the specific applied 
problems that figured in the develop- 
ment and testing o f  thegeneral approach 
to adaptive impact assessrnent and man- 
agement. The examples discussed in. 
clude the well-known sprucebudworm/ 
forest management problem (see OP- 
TIONS. Winter 1977) and the Obergurgl 
study (land use and development in an 
alpine region o f  Austria, see OPTIONS. 
Summer 1978); much of the work on 
these two studies was performed at 
IIASA. The other three case nudies- 
of Pacific salmon management. regional 
development in Venezuela, and a wild- 
life impact information system-may be 
newto readersof OPTIONS. 
Both I lASA and UNEP, who cospon- 
sored the work, feel that this book i s  a 
uniquely valuable contribution to  the 
literature of ecology, and environmental 
management, operations research, and 
systems analysis. And, since it i s  written 
in a style that makes it easily under- 
standable to  managers, government o f f i -  
cials, and others who may not have ad- 
vanced scientific training, i t  wil l  convey 
IIASA'S message-that systems analysis 
can contribute to the solution of real 
problems (and has, indeed,done so)-to 
a new and larger audience. 

J m r r t ~ r t t p  1.inrl.n~ 

- l ; , r l ~ ~ , t  /~io.~i, lc. (:/i~nu/~, r1r td  .So,,i<>!v, 
edited by J. Williams, ISBN 0-08-0232 
52-3, can be ordered from Pergamon 
Press, Headington Hil l  Hall. Oxford 
OX3 OBW. England. 
The price i s  530.00. 

Myths and Umrfaiinfy 
In the third volume of IIASA's Infrrrlo- 
tir,nnl S r r i ~ .  C.S. Holling and his col- 
leaguesoffera newandexcitingapproach 
t o  environmental assessment and man- 
agement. t i  1 t i r t 1  s 
rcssn~r,zf orvrl ilonngrmeril debunks the 
myths of current practice, replacing 
them with an approach based on a fun- 
damental understanding o f  the structure 
and dynamics of ecosystems. In  addi- 
tion to providing a step-by-step account 
of the entire process of adaptive environ- 
mental management, the book illus- 
trates, through case histories from 
Europe and North and South America, 
the application of this new approach in 
settings ranging from the Pacificsalmon 
fishery to regional development in 
Venezuela. It  is, in fact, a book for 
policy analysts in general as well as for 
those concerned with environmental 
policy alone. 
The vital importance of an nrlnplii~r. 
rather than a r ~ n r f i l ' p ,  approach i s  em. 
phasired throughout the book-nly in 
this way can ecological understanding 
be used to improve and guide program 
development and management. This 
adaptiveness i s  made necessary by the 
recognition that uncertainty is an in- 
evitable and significant part of all envi- 
ronmental planning and management- 
i t  is not something that can or should be 
eliminated. 7here is uncertainty+bvi. 
ously-about the effects of a proposed 
development on the ecosystem, but 
there is alsoless obviously-uncertainty 
about the time and complete nature o f  
the current state of the ecosystem, un- 
certainty that no amount of sampling 
or investigation can eliminate. There is 
uncertainty about the economic and 
social systems with which the ecosys. 
tem i s  linked, and there i s  uncertainty 
about the value system within which 
assessrnent and management is done. 
Even the ultimate obiectives of environ- 
mental policies and programs may be 
uncertain. 
Even though. as Holling says. man has 
always lived in a sea of the unknown, 
dealing with uncertainty through trial- 
anderror, the costs o f  error have grown 
so alarmingly of late that i t  has become 
common to attempt to eliminate the 
uncertain and the unknown, rather 
than to engage in "experiments" whose 
effects may be catastrophic and irre- 
versible. This attempt i s  of course 
doomed to failure, and the environmen- 
tal policies that emerge from it are often 
sterile, static, and brittle. "Maximizing 
the distance from an undesirable region 
iswithin the highly responsible tradition 
of safety engineering, of nuclear safe- 
guards, of . . .health standards. It  works 
well i f  the system is simple and known- 

say, the design o f  a bolt for an air- 
craft . . . . The goal i s  to minimize the 
probability o f  failure. For bolts, this 
approach has succeeded." The failure 
o f  an aircraft bolt, though unlikely, has 
dire consequences-how much more dire 
would the consequences be if anenviron- 
mental policy were designed by this 
method, especially as such failure i s  in- 
finitely more likely. since an ecosystem 
and the impinging economic, social, and 
institutional systems are hardly "simple 
and known". 

What Holling and his colleagues propose 
is designing f o r ,  rather than w i~ ins l .  un- 
certainty. "If surprise, change, and the 
unexpected are reduced, systems o f  or- 
ganisms, o f  people and of institutions 
can "forget" the existenceof limits unti l  
it is too late." .ldnpfit,r l:'!t!'ironmenlnl 
ressn t rn l  orld l la,mq~~r?t~nl  reflects 
this view of reality. 

Part 1 o f  the book offers a Step-bystep 
description o f  the theory and Practice 
of adaptive envi~0ntmmtal assessment 
and management, with chapterson "The 
Nature and Behavior of Ecological Sys- 
terns". "Steps in the Process". "Orches- 
trating the Assessment". "Choosing a 
Technique". "Model Invalidation and 
Belief". "Evaluation of Alternative 
Policies". "Communication", and "An 
Underview". Throughout this Part. the 
vital importanceof continuing communi- 
cation and interaction between scientist 

l i b j T k l '  !/\TI,::'.JA! Sf.1113 t , ~  ! 
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ADAPTIVE 
ENVIRONMENTAL 
ASSESSMENT AND 
MANAGEMENT 
i.i : teI by 

S HOLLlNG 
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-1rlopfirrr firrironm,.n~ol .Isrrrs,,~rrzt 
nnd II~M~F~BPIII, edited by C.S. Holling. 
ISBN 0471  -99632-7, can be ordered 
from John Wiley and Sons Ltd, Baffins 
Lane, Chichester, Sussex PO19 1 UD. 
England. The price is S16.50. 
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use o f  fossil fuels. Readers o f  OPTIONS 
wil l  recall our report on this Workshop. 
that was cosponsored by the World 
Meteorological Organization (WMO), 
the United Nations Environmental Pro- 
gramme (UNEP), the Scientific Commit- 
tee on Problems of the Environment 
(SCOPE), and I lASA (see OPTIONS 
Spring 1978). Now the proceedings of 
this Workshop have been published as 
the first volume of the new II:IS:1 I fo -  

Most of the world's leading experts on 
the effects of C02 on the climate met 
in Baden near Vienna earlier this year to 
examine the latest evidenceon this ques- 
tion that could affect the world's future ." --...,,. 

The first, a "Systems Study on the 
Possibilities o f  Large-Scale Utilization o f  
Solar Energy in the Federal Republicof 
Germany", was supported by a grant 
from the FRG Ministry for Research 
and Technologyat a level o f  DM 481.000 
over a period from August 1975 t o  Sep- 
tember 1978. Four options for solar 
energy conversion were selected as being 
of specific interest i n  the FRG: 

During the past few months, a number 
o f  external funding contracts have been 
completed.  he lnstitutePs E~~~~~ syS. 
terns program has submitted four 
ropom+~, , .  

how long it wil l  stay there, 
3. High temperature solar-thermal sys- 

what effects it wil l  have on the cli- 
mate, 

rrediltg~ Srrie.~ with Pergamon Press. 

The major t o p ~ c  of discussion at the 
Workshop was how to  make policy deci- 
sions when we face uncertainty about 

where the Carbon Dioxide is and 

and, taking into account the first two 4. Photo-voltaic systems for electricity 
points, what has to be done. I I production. 

1. L~~ temperature systems for space 
and water heating. 

2 .  Medium temperature systems for pro- 
cess heat. 

The Workshop's three Working Groups 
concentrated on these crucial issues. 
First. the question of the sources and 
sinks o f  Carbon Dioxide and the trans- 
fers o f  Carbon between the atmospheric, 
biospheric, and oceanic reservoirs was 
considered. Although future levels o f  
atmospheric C02 concentration can 
only be predicted with detailed knowl- 
edge o f  the biogeochemical carbon cycle. 
the Working Group concluded that rea- 
sonable predictions can be made for a 
period of 20.30 years, using the exist. 
ing models. 

Given that the atmospheric C02 con. 
centration wil l  reach a certain level in 
the future, the second Working Group 
examined the impact of this Carbon 
Dioxide on climate and thus on envi- 
ronment, including such areas as agri- 
culture and ice caps. 

The third Working Group then consid- 
ered the interaction between energy 
strategies and the C q  problem. The 
Groups discussion centered on the ques- 
tion: what are the tolerable rates of 
burning fossil fuel?; and derived policy 
statements, which reflect the impor- 
tance of flexibility in determination 
o f  energy policies. 

The Working Group's conclusions to-  
gether with the papers presented at the 
conference, all included in the proceed- 
ings, not only provide a uniqueoverview 
of  the state-of-the.art in this field o f  re- 
search but also indicate the next steps 
to be taken b r science and which strate- 
gies in tacklint, this problem appear to  
be reasonable, taking into account the 
present-limiteb-knowledge on the CO2 
problem. 

The analysis, which included the study 
of storage alternatives, performance and 
cost assessments and capital and energy 
payback estimation, indicated that the 
low temperature systems may offer the 
earliest potential, if further improve- 
ments and cost reduction are achieved. 
It appears that the potential o f  the 
other options remains uncertain until 
further developments prove successful. 

The report on the study for the Aus- 
trian National Bank o f  capital and cur- 
rency requirements as constraints for 
future technological strategies for meet- 
ing energy demand has been delivered. 
This was supported over the period July 
1975 to  December 1977 at a level o f  
AS 280000 from the Bank's Jubilee 
Fund. The study, entitled "Long.Term 
Energy Strategies: Manpower and Capi- 
tal Requirements" examined the inter- 
action of the energy sector with the 
rest o f  the economy. It describes a 
methodology for approaching long term 
and global energy development analysis. 

"The Dynamics o f  Energy Systems 
and the Logistic Substitution Model" is 
the title of the final report on a DM 
144.400 grant made by  the Volkswagen 
Foundation to I lASA on "Mechanisms 
for Market Penetration". The work was 
carried out by a team under Dr. C. 
Marchetti between January 1976 and 
February 1978. The objective of the 
study was t o  explore the potential and 
mechanisms of logistic analysis to de- 
scribe the structure and evolution o f  
energy systems. Over 300 cases o f  sub- 
stitution between energy sources over 
history were analyzed for 13 countries 

(as well as for the world as a whole) 
and the "fit" of the logistic description 
o f  substitution was found to be remark- 
ably good. Theaccuracy o f  the approx- 
imation has providedan important check 
on the consistency of the modeling 
work o f  the Energy Program as a whole. 

A second study for the Volkswagen 
Foundation carried out by  the Energy 
Program was also initiated in January 
1976. Entitled "Procedures for the Set- 
ting of Standards", the study was sup- 
ported at a level of DM 377.200 until its 
completion in May this year. The team 
under Professor Haefele was required t o  
analyze existing procedures for standard 
setting. The studies identified several 
possible uses and limitations of the 
three analytical approaches investigated: 
po l~cy analysis, decision theory, and 
game theory. Uncertainty, conflict. and 
institutional constraints emerged as the 
main areas o f  regulatory concern in 
standard setting. 

IIASA's Resources and Environment 
Area has completed two studies for 
funding agencies: 

The first, a further study for the 
Volkswagen Foundation, on the model- 
ing of water demands, has just been sub- 
mitted. The report derives from a study 
o f  water demand analysis carried out in 
the last two years under the leadership 
o f  Dr. Janusz Kindler. The work consti- 
tutes a comprehensive discussion o f  all 
aspects o f  modeling and forecasting o f  
water demands, a subject which is in- 
creasingly being recognized as o f  fore- 
most importance to  water resources 
management, in view of its relative 
underattention compared with water 
supply studies. The work was made 
possible by  a grant of DM 275.000 for 
the period from January 1976 to  May 
1978. 

A contract with the Austrian National 
Bank on regional energylenvironment 
interaction has been brought to  a partic- 
ularlysatisfactory conclusion. The exec- 
utive summary report on the Austrian 
case study by Professor Foell and his 
team has already been used in a number 
o f  ways. I n  particular, i t  has been incor- 
porated in the energy concept for the 
City o f  Vienna, as a basis for the scenar- 
ios under consideration for Vienna (see 
also "A Tale of Four Regions" in this 
issue of OPTIONS). In  addition, one o f  
IIASA's collaborating institutions in the 
work, the Austrian State Utilities Board, 
has subsequently provided financial sup- 
port for the purpose o f  implementing 
IIASA's computer models on their own 
machine. The Jubilee Fund of  the Bank 
made available over 800.000 Austrian 
Schillings to  support the work carried 
out between July 1975 and June 1978. 
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