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Introduction

ITASA celebrated its twentieth anniversary on May 12-13 with its
fourth general conference, ITASA ’92: An International Conference
on the Challenges to Systems Analysis in the Nineties and Beyond.
The conference focused on the relations between environment and
development and on studies that integrate the methods and find-
ings of several disciplines. The role of systems analysis, a method
especially suited to taking account of the linkages between phenom-
ena and of the hierarchical organization of the natural and social
world, was also assessed, taking account of the implications this has
for ITASA’s research approach and activities.

No phrase that has come out of a conference has had more res-
onance than “sustainability.” It was well chosen, with a suitable
measure of ambiguity yet specific enough to ring a bell in most
people’s minds. In the one word it could claim to summarize the
vast literature that took off from Rachel Carson and the Club of
Rome. It is positive, where “limits” is for many unacceptably nega-
tive. It goes well in combination with other desirable entities, as in
“sustainable growth.” This latter enables it to appeal to the poor
who look to growth, as well as to those better off who focus on the
damage that growth causes to the natural environment. To hear
“sustainable growth” is reassuring, for it seems to tell us that, in
Harvey Brooks’ expression, “economic development and protection
of the environment are not necessarily in conflict with each other.”

Environmental study requires the contributions of a number of
disciplines, and its models bring together variables not ordinarily
associated with one another. In these regards it exemplifies the
ideas of systems analysis. But there are other fields that also bring
out those ideas. The pension problem that will soon face every
country as it develops, just as it now faces the industrial countries;
uncertainty is universal whenever models aer used to illuminate
the longterm future; every model faces questions of identification,
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in its attempt to infer the underlying structure that generates the
observed data; that the several world models now extant reach such
different conclusions throws light on the difficulty of identification
and on the uncertainties of world modeling.

We believe that the papers contained in the first volume, Sci-
ence and Sustainability. Selected Papers on IIASA’s 20th Anniver-
sary (IIASA, 1992) dealing with these themes, along with the com-
ments on the papers and the reports of the discussion groups con-
tained in this volume, will at least help clarify difficulties that will
always be with us in science as they are in policy making.

Committee for IIASA ’92
Nathan Keyfitz (Chair)*

*Members of the Committee for IIASA ’92 were: Nathan Keyfitz (Chair), Peter E.
de Jinosi, Alexander Kurzhanski, Arkadii Maltsev, Nebojsa Nakiéenovié, Roderick
Shaw, Claudia Heilig-Staindl, Evelyn Farkas
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What is Sustainability?
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Foreword

Amomg public debates of recent decades that between the advo-
cates of economic growth on the one side and of care for the envi-
ronment on the other stands out for resistence to compromise. In
none have the sides taken seemed so irreconsilable, the advocates
so unwilling to listen to one another. The word sustainable, as used
for instance in “sustainable growth,” seems to bridge the gap, but
the issue is moe than verbal — no word, however brilliantly chosen,
can resolve it.

Harvey Brooks discusses real solutions. He is not in a position
to offer one that is definitive — no one is — but at least he tells us
how and where to pursue the search for an answer that would go
beyond words. He wants to translate sustainability into action, to
operationalize it, to say what has to be done, and done now, in
order that what is a very general long-term goal can be attained.
He is more than ware that once a precise mening is assigned the
unanimity falls away and interests and values come into play. The
point of his analysis is to show what directions of knowledge suit-
ably applied can lead to the result desired by all, but without using
means that would harm or offend any. For the moment these means
are not yet to hand, but it is still a step ahead to show their na-
tre. For example if technology shifts far enough in the direction of
producing equal satisfaction with less use of materials, the direc-
tion spoken of as dematerialization, one can visualize a condition
of ecological stability even far into the future.

Until such ideal technology is invented protection of the envi-
ronment will lower some incomes in comparison with what they
would be without protection. Large differences of opinion on what
should be done in the way of protection in this period — which could
be long — are inevitable. One dares to hope that the sense of com-
munity, and the common solicitude for the fragile natural base of



our economy, will be strong enough to permit the needed compro-
mises during the transition to an adequately dematerialized way of
life. That at least is how we interpret Professor Brooks’ message.

Committee for ITASA ’92



Discussion

Fritz Paschke

Peter de Janosi made a mistake when he asked me to be a discussant
for the subject. Firstly because my knowledge is concentrated on
technology and my experience is limited to engineering; secondly,
wherever I do have experience, there is more agreement with Brooks
than controversy or severe doubts. On the other hand, when read-
ing or listening to Brooks’ stimulating account, associations arise
which may be worth communicating. I shall limit my comments to

e a remark on the definition of sustainability;
e a deliberation on technology assessment and
e reflections on values applied by an engineer in practice.

1 Sustainability

The satisfaction of human demands of the present generation with-
out decreasing opportunities for future generations is considered a
wise and practical combination. Take, as an example, the automo-
bile. Every economic assessment shows that the automobile is an
indispensable product and cannot be replaced at present by any-
thing without serious problems. At the same time, there is no doubt
that the operation of large numbers of automobiles leads to severe
contamination of the atmosphere. [n an optimistic view, which I
personally share, the key technologies of the closing century may
cut a path toward sustainability:

e Microelectronics lead to better engine control.
e Material synthesis, analysis, and treatment enable safe and low-
weight designs with almost total recycling.
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e [Energy technologies are improved by computer simulation and
similar methods allowing the operation of a 100 horsepower
diesel engine with a consumption of about 4 liters per 100 km
and very low contaminants in the exhaust gas.

e LEven biotechnology may contribute something through alterna-
tive fuel production.

These. accomplishments are possible without considering radical
changes, such as the introduction of electrically powered engines.

The example of the automobile — among many others — leads
me to argue against a distinction between “old” and “new” tech-
nologies. There is no old branch of products closed to pervasion by
new technologies. To stay in the field of traffic: just think of the
progress of railway systems caused by new technologies!

2 Technology Assessment

Technology assessment plays a key role in achieving sustainability.
To assess a new technology in order to secure controllability, the
dynamics of the innovative process have to be considered.

In a grossly simplified view, four phases of development may
be distinguished (Figure 1). Basic research is knowledge-oriented
and may lead to a scientific discovery, which stimulates a mode of
research which is typical for our century, a function-oriented scien-
tific task which I call forefield research. It aims to derive economic
advantage from a scientific discovery: the target is an invention,
a product idea which is subsequently followed by product develop-
ment with clear specifications for product performance and cost.
Finally product transfer to a pilot production has to be accom-
plished. It is well known that expenditures rise sharply with ap-
proximation to the market, while the times available to perform
shrink. What has this to do with technology assessment? The
ability to control, in a gross approach, is a product of the ability
to assess the development and the ability to reverse the process of
development. Controllability is proportional to assessability times
reversibility. As indicated in Figure 2, assessability rises from zero
in the phase of basic research to 100% in production, while due
to economic and social constraints, reversibility shrinks from 100%
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Production
transfer

Pilot production

Invention

Discovery

Expenditure —e

Product development

I
| Forefield research
I
|

[

Time —#

Basic research

Figure 1. Creation and development of a modern product.

in basic research to zero in production: controllability apparently
shows a maximum in the phase of forefield research. Now, here
again | present an oversimplified view, chosen, of course, for the
sake of argument and to emphasize my conviction that technology
assessment has to be integrated in the innovative process and is a
prerequisite of sustainability.

3 Values

Values are as important to engineering work as they are difficult
to implement in practice. It depends on the degrees of freedom
enjoyed by the engineer; in industry, economic survival plays such
a dominant role that proper political decisions have to be imposed
to secure progress toward sustainability. Take again the example of
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Figure 2. Assessability and reversibility of development (upper
part). Controllability is proportional to assessability times re-
versibility (lower part).
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Improvements in
industrial structures

Health Environment Man and the Third world
working environment

Figure 3. Priorities.

the automobile: the catalytic converter was considered an excellent
product for the limitation of air pollution long before laws had to
be introduced to enforce its use. Or take the silent but less powerful
trucks which are imposed on industry by the Austrian Government
through the Transfer Treaty with the EC — it is not a technological
problem at all, but rather a socio-economic task which calls for
political action.

At the university, academic freedom allows a more direct ap-
proach toward sustainability. In the case of the institute which I
head, we distinguish between two levels of priorities (Figure 3). Top
priority is allocated to projects which promise an improvement in
European economic structures, particularly in Austria, and which
do not collide with priorities on the lower level. These priorities
are: health, environment, adaptation of the working environment
to man and balance between developed and underdeveloped re-
gions. | hasten to say that success in the various priorities depends
on the quality of ideas, which are unforeseeable (the “positive sur-
prises” of Brooks) and can only be stimulated but not planned.
Consequently, our record of success does not follow priorities, but
engineers willingly believe in Dante’s advice:

‘Wisdom follows action.’






Sustainable Development:
A Guiding Principle in Search
of Operationalization

Bert de Vries

Abstract

The present scientific ambiguity in the concept of sustain-
able development should not be eliminated. It ensures that the
paradigmatic embedding of the concept is not lost. Scientific
operationalization should focus on the formulation of sustain-
ability indicators which are linked by meta-models in an ap-
propriate network of activity-stress-impact chains. Simulation-
gaming offers the prospect of providing a socio-political context
for learning, communicating and exploring sustainable futures
on the basis of existing scientific insights.

4 Sustainable Development and its Necessary
Embedding in Paradigms

Since the 1970s the concept of sustainability has emerged as a way
to organize a variety of thoughts and actions which represent the
widespread feeling that humankind is over-exploiting the earth to
the detriment of itself and other living beings. Originating from
nature conservation movements and ecologists, the concept became
politicized by the World Commission on Environment and Develop-
ment which postulated an explicit link between [un]sustainability
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and poverty (WCED, 1987). Sustainable development has now be-
come the catchword for the future. At present sustainable develop-
ment mainly functions as a guiding principle, not unlike the Dec-
laration of Human Rights, as is clearly demonstrated, for instance,
in the formulation of the Earth Charter.

Many people rightly insist that the concept should be opera-
tionalized in such a way that indicators can be constructed to de-
sign and implement strategies for sustainable development, with
the support of scientific facts and models. Yet, we should be-
ware of killing the fertile richness and ambiguity of the concept
by the prevailing scientific reductionism. Such attempts, if success-
ful, would eliminate or obscure the fact that a concept like sustain-
able development necessarily incorporates an underlying world view
(paradigm, perspective) and value spectrum. Without suggesting
that it can or should fill the emptiness after Nietzsche’s “Gott ist
tot” or Fukuyama’s “end of ideology”, I like to emphasize its ex-
ploratory and heuristic value in trying to deal in new ways with old
as well as new problems.[1]

The paradigmatic background of the concept of sustainable de-
velopment has been evident from its inception (see, e.g., Coomer,
1981). Naess (1973) introduced “deep ecology” to contrast it with
the reductionist science of ecology — “shallow ecology”. O’Riordan
(O’Riordan and Turner, 1979) distinguished between technocen-
tric and ecocentric attitude toward nature. Bookchin (1982) in-
troduced “social ecology” to link anarchism and ecology, challeng-
ing the established interpretation of environmental problems within
the framework of neo-classical economics. Various authors have ex-
plored Buddhist and other spiritual views of nature as an ingre-
dient of sustainability (see, e.g., Chaitanya, 1983). A thoughtful
and integrative discussion is given in the ITASA book, Sustainable
Development of the Biosphere (Clark and Munn, 1986).

Several classifications of paradigms have been proposed in the
context of sustainable development — more or less explicitly rooted
in earlier works of philosophy and the social sciences. Figure 1 gives
a brief characterization of four perspectives which can be distin-
guished with respect to sustainable development (de Vries, 1989).
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Technocrat- Man.ager- Steward Partner
Adventurer Engineer
Computer Machine Garden "Wilderness"
Pioneer Planner Caretaker Participant
"Frontier economy” “Mature ecosystem"”
Competitive hierarchy Cooperative solidarity
Exploitation Control Stewardship Partnership
Courage Order Frugality Harmony
Anthropocentric Ecocentric
Power over others Power over oneself
Economic growth Spiritual growth
(Technical) (Material) (Right and fair) (Harmonious)
Progress Welfare) Well-being Well-being
Technopolis Ecotopia

Figure 1. Brief characterization of four perspectives on sustainable
development.

On the one hand is the view that the quest for sustainable de-
velopment is to be understood as constraints on man’s longing for
material well-being and outer adventure. If an issue at all, the focus
is on exploring new frontiers and on new technologies. On the other
hand, the emphasis is on man as an integral part of his natural envi-
ronment, and in innumerable and partly unknown ways interacting
with Nature. The quest for sustainable development, then, is one
of frugality, inner adventure, and appropriate technology. Colby
(1990) has proposed a similar classification. He distinguishes four
paradigms: frontier economics, environmental protection, resource
management, eco-development, and deep ecology, and suggests that
a gradual shift is taking place away from frontier economics toward
more ecologically inspired world views.
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Since its inception by environmentalists and ecologists, the con-
cept has been increasingly researched by economic and social sci-
entists. An interesting contribution has been made by Thomp-
son et al. (1990) with what they call the “cultural theory”. It
combines the anthropological insights from, among others, Douglas
(1982) with the ecological knowledge as expressed by, among oth-
ers, Holling (1986). Societies, it is argued, can be characterized
along two axes: group and grid. The group axis is a measure of
the degree to which individuals are behaving and feeling themselves
part of a larger group of individuals with whom they share values
and beliefs. The grid axis indicates the extent to which individuals
are subjected to role prescriptions within a larger structural entity.
The group-grid characterization offers four different contexts from
which people perceive the world and behave in it: the hierarchist,
the individualist, the egalitarian and the fatalist (and the hermit
who, however, isn’t in the game). Figure 2 is an attempt to vi-
sualize the view of Nature within each perspective. Whereas the
hierarchist focuses on control and expertise to manage a world of
stability-within-limits, the individualist imagines himself in a world
of inherent stability and abundance. The egalitarian emphasizes
the fragility of Nature; fatalists experience the world as governed
by chance.[2]

There are signs that economic science is again broadening
its view beyond the free-market ideology. The Central Planning
Bureau (CPB) in the Netherlands introduced long-term scenar-
ios which distinguish between the equilibrium, the coordination,
and the free-market perspectives — in remarkable isomorphism with
some of the previous classifications (CPB, 1992).

It is necessary to keep the paradigmatic background an integral
part of the search for a more sustainable world. It serves to give
appreciation to the role of various [sub]cultures in the debate, e.g.,
between the countries of the North and the South and between ecol-
ogists and economists.[3] It can also provide a socio-cultural con-
text for decision-making and negotiation processes. Of course, one
should bear in mind that people seldomly express these paradigms
in their extreme form — nor should one give in to the temptation to
caricature other people accordingly.[4]
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Fatalist GRID Hierarchist
(Ineffective) i

-

Individualist GRID Egalitarian '
(R-strategist, pioneer, entrepreneur) Low (Steward, partner)

GROUP = degree to which individual feels him/herself a member of the group
GRID = degree to which formal relationships between group-members exist

Figure 2. Four ways to perceive Nature (after Thompson et al.,

1990).

5 Operationalizing Sustainable Development:
Indicators

With this statement, it is evident that the scientific community
should strive for scientifically sound and politically relevant oper-
ationalization of the concept of sustainable development. Quite a
few attempts have been made over the past years (see, e.g., de Vries
and de Greef, 1991). Most of them are more appropriate in commu-
nicating basic principles than in providing a scientific framework.
For example, Daly’s three principles of sustainability can be graph-
ically represented as shown in Figure 3.[5] Using the standard
model for renewable resource exploitation and hypothesizing some
relationship between natural growth rate and the level of pollutants,
the “environmental use space” suggests a downward sloping cave in
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"Environmental use space"

Rate of exploitation/ioad

"Resource use space"

Figure 3. The upper figure shows how the exploitation domain
of a renewable resource is diminished by pollution, according to
a simple renewable resource model. The lower graph shows how
the useful lifetime of a stock of non-renewable resources varies with
different levels of consumption and capital, according to a simple
economic growth model.
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Feedback from poliution
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Figure 4. Overview of the World3-model as used in Beyond the
Limits (Meadows et al, 1992). Italics indicate the areas to be
include in the model extension presently under way.

which a ceiling, not the sky, is the limit (Opschoor, 1989). Using
the standard model for economic growth, one can picture in a sim-
ilar fashion a “resource use space”. The reserve-production ratio
(RPR) of a fixed amount of non-renewable resource is a function of
welfare (equated to the flow of consumption and investment) and
capital stock. If resource conservation takes place by substituting
resource use for capital, the RPR increases at a given welfare level.

A more comprehensive framework is the World3-model which
has been presented in the book Limits to Growth (Meadows et
al., 1972) and its recent update Beyond the Limits (Meadows et
al., 1992). Despite its simplifications and global aggregation level,
the World3-model still provides an integrated representation of the
global population-economy-environment system within the source-
sink constraints set by the planet’s physical limits (Figure 4).
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Sustainability should be approached both from the sink and the
source side. A promising approach is to construct networks of indi-
cators along the chain of activities (or causes) to stress to impacts
(or effects). The various indicators should be linked by meta-models
which in a transparent and scientifically valid way represent their
interrelationships. Starting at the sinks — “downstream” - with
impact indicators, targets have to be formulated which reflect a de-
sirable future in terms of sustainability. The recently published Na-
tional Environmental Qutlook for The Netherlands (RIVM, 1992)
has made some attempts along these lines.[6] So one of the issues to
confront is the nature of the “sustainable state”: should it be like
the “unperturbed” state of sixty years ago (as proposed for species
abundance) or like what it was before pollutants entered the envi-
ronment (as with the pre-discovery level of chloride in the strato-
sphere)? Can it be based on the engineering concept of steady-state
mass fluxes? Should we use some categorical imperative based on
ethical considerations (as proposed for Antarctica and biodiversity)
or introduce more anthropocentric notions such as restoration costs
and degree of irreversibility (as is discussed with regard to landfills
for solid waste)? Clearly, we are back here in the realm of values —
for which scientific facts and models are no substitute.

Once some sustainable state in terms of a desirable and feasible
future has been formulated, one can anticipate the environmental
consequences of “stress” scenarios over the relevant time-span, e.g.,
of greenhouse gas emissions over the next century. Undoubtedly,
the resulting “impact” scenarios will be clouded by uncertainties
— yet, it appears to be simply a necessity to do the best we can.
Within the Steward perspective it is a moral duty, within the hier-
archist paradigm it is a liability to do so. Based on the sustainable
state formulation and the inclusion of uncertainty and risk aspects,
scientists should derive target time-paths for more measurable and
tangible indicators, e.g., greenhouse gas concentrations and emis-
sions. These, in turn, can be translated into policies with regard to
technological development, resource pricing and the like.

“Upstream”, at the source side, sustainability is concerned with
[over|exploitation of renewable resources like soil, fish, groundwater,
forest, and with depletion of non-renewable resources such as fossil
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fuels and mineral ores. Here, too, yardsticks for sustainability have
been proposed. Some argue in favor of a fixed RPR, others use
sophisticated mathematical optimization techniques. The “sink”
and the “source” approaches have to be integrated for a final set
of aggregate sustainability indicators. The relative importance of
sink versus source considerations will probably change over time
and differ from region to region.

There are many examples of this approach. Recently, the var-
ious stocks and flows of cadmium in the Netherlands have been
represented in a dynamic simulation model (Gilbert and Feen-
stra, 1992). Various policies have been assessed and the future
system states have been aggregated into two sustainability indica-
tors. One is the net in—c.q. outflow of the metal, reflecting the
materials-balance approach in which sustainability is associated
with a steady-state. The other is the degree to which accumu-
lation of the metal in the soil exceeds the official standard, linking
sustainability to health- and risk-related considerations.|[7]

Another example is global warming. Ecologists have tentatively
suggested trying to achieve a rate limit of 0.1°C per decade and an
absolute limit of 2°C increase for the global average surface tem-
perature to avoid major risks resulting from climate change. The
temperature increase to be expected on the basis of the IMAGE-
model for the four emission-scenarios outlined by the IPCC Work-
ing Group 3 are shown in Figure 5. The Business-as-Usual scenario
leads the world around the year 2035 into the high-risk area; the
scenario with the most stringent emission reductions (Accelerated
Policies) will enter the low-risk area around the same year. To re-
duce the risk as soon as possible would require even more drastic
cuts in greenhouse gas emissions, as is indicated by the Low-Risk
scenario. If the world community is able to agree on an acceptable
risk, the technical and economic instruments to realize such a path
have to be designed. Science should provide the public and the
policy-makers with yardsticks such as the ones in Figure 5 with
which to measure progress toward a more sustainable development
path.

The case of global warming is an interesting one. Much progress
has been made in research as well as in formulating issues. Now that
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what ways can the various political and institutional arrangements
be made more appropriate for the task of facing these new global
challenges?

Some caveats are necessary if we are to design and use sustain-
ability indicators such as the ones in Figure 5. First, they have to
be re-assessed and renegotiated as new scientific evidence appears
and performance with regard to other developments and environ-
mental targets can be appraised. The key point here is, it seems,
the degree to which a fair and widely accepted emission manage-
ment regime can be agreed upon and implemented by the members
of the world community. The second UNCED/Conference in Brazil
was indicative of the difficulties to be overcome.

Secondly, the process of re-assessment and renegotiation needs
some firm commitments for, e.g., the next five or ten years. Only
then will the parties involved resist the temptation to come up
with ever new arguments in favor of more or less stringent targets
~ which might do further damage to the reputation of politicians
not doing anything about the problem at all.

Thirdly, one should keep in mind that one or two indicators for
organizing the policy-making process may be dangerous in them-
selves. For instance, global average surface temperature change
conceals regional impacts, extreme-events frequency distributions,
and links with other environmental stressors, to name a few. This
brings me to the last consideration: a plea for an exploratory and
adaptive approach to management for a sustainable future.

6 Learning About Sustainability: Exercises
in Planning for an Uncertain Future

From the previous paragraphs it will be clear that I favor an open-
minded, exploratory and heuristic approach to what is referred to
as sustainable development or sustainability. One argument for
this is that mankind is facing a world which is at once speeding
up and becoming more complex, largely due to its own dynamics.
Anticipating the future in such a world is increasingly difficult and
tedious, and to some - and possibly increasing — extent impossible.
Here, too, exists a limit which is receding from one perspective (data
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ABILITY TO KNOW, ABILITY TO PLAN

"Plan-ability"

Hard
Climate sensitivity Combustion enthalpy

"Viable survival"

"Know-ability" \ Population size

Weak Strong
Sustainability | Fuel prices

/

Desirable design

Well-being Household expenditures
Soft

Figure 6. Schematic way to characterize model variables. The
axis strong-weak indicates the degree to which a [sub]system can
be known. The axis hard-soft measure the degree to which a
[sub]system is amenable to manipulation and control.

availability and processing, for example) but is coming nearer from
another perspective (timely understanding of the consequences of
our own actions, for example).

One may visualize this limit along two axes which I call know-
ability and plan-ability (Figure 6). The axis strong-weak represents
the degree to which the object of study can be known in the sense
of logical empiricism, the prevailing paradigm within the natural
and engineering sciences. On the one hand, there is much strong
knowledge of physical-chemical systems which can be analyzed in
the isolated environment of laboratory experiments. On the other
hand, many systems which are of interest from an environmen-
tal point of view or many living entities like ecosystems, economic
and social systems cannot, or not satisfactorily, be subjected to re-
peated experimentation. The concept of sustainable development
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covers many phenomena of which our knowledge will inherently be
weak. Both scientists and the public have to learn to deal with this
fact.[8] The other axis, hard-soft, represents the degree to which
[parts of] the object of study can be manipulated and controlled for
planning purposes. It is often related to the strong-weak axis and
any judgment on soft versus hard depends on personal experience
— which is often difficult to express in formal models.

In such a generalization, the extremes are most easy to distin-
guish. Statements about the combustion enthalpy of coal can be
strong and hard for a given system boundary. Estimates of climate-
sensitivity with regard to increasing greenhouse gas concentrations
will be weak and hard. Propositions about a person’s well-being
are relatively weak and soft. Information about fuel prices is in
between: some actors may rightly think they have strong insights
and great influence on fuel prices within their realms of control.

There are some interesting corollaries with the previously dis-
cussed paradigms. The hierarchist tends to appreciate and rely on
strong knowledge about hard variables, reflecting “official realism”
with emphasis on expertise and control. The fatalist will perceive
a large part of his environment as hard and weak - if interested in
knowledge at all. Egalitarians, inspired by their ideals, often tend
to overestimate the degree to which society can be managed — the
softness of culture: they emphasize the weakness of our knowledge
of Nature. The individualistic pioneer/entrepreneur may well see
himself, with some disdain for scientific knowledge, as a hero who
can soften the hardest rock.

Within this framework, the quest for an operational definition
of sustainable development can take several directions. One is to
interpret it as the search for viable survival routes for humanity
— the hard edges of a world which can be only partially known.
Another is to look for desirable designs for the future — a mix of
culture and nature which preserves the best of both worlds (cf.
Figure 6).

In this situation the combination of game-theoretic insights and
experiences and the availability of ever faster computers provides
a new tool to explore strategies for a [more| sustainable world:
simulation-gaming. Depending on whether the emphasis is on the
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computer model or on the game-elements, one also speaks of in-
teractive simulation, policy exercises, strategic planning exercises,
etc. In essence, a context for social learning and decision-making
is constructed around a core of relatively strong models simulating
relatively hard parts of reality. This provides the participants with
ways to explore the relatively weak and soft manageable parts of
strategies to guide a country along a sustainable development path,
to confront fishermen with the tragedy of the commons (Meadows,
1990) or to formulate an acceptable electricity policy in terms of
costs, reliability and environmental damage (de Vries et al., 1991).

Sustainability is not something to be ordered from above. It is
a slow and difficult restructuring process, in which present ways of
thinking and behaving have to evolve into new and as yet largely
unknown directions. It is essential to communicate the scientific
findings about environmental developments, at the global, the re-
gional and the local levels, to as large an audience as possible.
Simulation-games have proven to be extremely helpful in teaching
few but basic lessons; new multi-media techniques will further en-
hance these possibilities. Based on personal experience, I expect
and hope that simulation-gaming will develop into a most useful
tool to explore and communicate these new directions. Among its
great merits are:

e It allows non-experts to come to a broader, dynamic under-
standing of what science can tell - and not tell — about the
problems at hand.

e It provides a learning environment in which mistakes can be
made, ignorance can be tolerated, risks can be taken — that is,
a laboratory.

e It calls for personal involvement both in the sense of learning
and communicating insights and for expressing and sharing val-
ues.

One may hope that these new tools will be helpful in tran-
scending the deadlocks due to the strict separations between the
expert and the decision-maker/layman or between the natural and
the social scientist. It also invites participants to go beyond mere
intellectual efforts, making it more of a whole as well as a healing
experience.
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Notes

[1]

This in apparent contrast to Brooks’ feeling that “...the term has
a ring of scientific objectivity which can serve to legitimize various
personal or group political agendas, overt or hidden, and thus has
a rhetorical value in public discussions which is not matched by
its operational usefulness” (Brooks, 1992, p. 2). To me, it seems,
such a tension is unavoidable - as is evident for instance from the
discussions about the concept of the free market.
Thompson et al. argue that these four paradigms are dynamically
interacting on the basis of surprise experiences and that none of
them can exist without the other three.
As illustrated by Keyfitz, for example, in the observation that “The
notion of carrying capacity is congenial to natural scientists and an
irritation to social scientists” (Keyfitz, 1991, p. 5). For paradigms
and the role of science, see Jasanoff (1992).
Brooks (Brooks and Johnson, 1991) rightly asks some critical ques-
tions about a classification like the one proposed by Thompson et
al. Yet, he acknowledges that this “[provocative characterization]
. initially based on other areas of risk management such as nu-
clear power ... has a great deal of explanatory value [for the genetic
engineering debate]” (p. 269).
These principles are (Daly and Cobb, 1989):

e  We should not exploit renewable resources beyond their natural
rate of regeneration;

e  We should not exploit non-renewable resources beyond the rate
at which renewable substitutes are made available;

e  Wesshould not burden environmental resources with pollutants
at a higher rate than they are capable to assimilate them.

It will be evident that such an approach to the future is quite a nui-
sance to people who adhere to the Pioneer/Entrepreneur paradigm
“pur sang”.

Cf. the critical loads approach to deposition of acidifying com-
pounds (Hettelingh et al., 1991).

This may seem untrue for the ever larger part of our world which
is artificial in the sense of man-designed and man-made. However,
here, too, complexity has its price and these artefacts are still sub-
merged into the much larger planetary flows of energy and materials.



28 Bert de Vries

References

Bookchin, M., 1982, The Ecology of Freedom, Cheshire Books, Palo Alto,
California, USA.

Brooks, H., 1992, Sustainability and Technology, in Science and Sustain-
ability, International Institute for Applied Systems Analysis, Lax-
enburg, Austria.

Brooks, H., and Johnson, R.B., 1991, Comments: Public Policy Issues,
in B.D. Davis, ed., The Genetic Revolution, John Hopkins Univer-
sity Press, Baltimore, MD, USA.

Chaitanya, K., 1983, A Profounder Ecology — The Hindu View of Man
and Nature, The Fcologist 13:127-135.

Chapman, P., and Roberts, F., 1983, Metal Resources and Fnergy, But-
terworths Monographs in Materials, London, UK.

Clark, W.C., and Munn, R.E., eds., 1986, Sustainable Development of
the Biosphere, Cambridge University Press, Cambridge, UK.

Colby, M., 1990, FEcology, Economics and Social Systems, Ph.D. Thesis,
University of Pennsylvania, Philadelphia, USA.

Coomer, J.C., ed., 1981, Quest for a Sustainable Society, Pergamon
Press, Oxford, UK.

CPB (Centraal Plan Bureau), 1992, Scanning the Future, The Hague,
The Netherlands.

Daly, H., and Cobb, J., 1989, For the Common Good, Beacon Press,
Boston, USA.

Douglas, M., ed., 1982, Essays in the Sociology of Perception, Routledge
and Kegan Paul, London, UK.

den Elzen, M.G.J., Jansen, M.A., Rotmans, J., Swart, R.J., and de
Vries, H.J.M., 1992, Allocating Constrained Global Carbon Budgets,
RIVM Report 222901011, Bilthoven, The Netherlands.

Gilbert, A., and Feenstra, J., 1992, An Indicator of Sustainable De-
velopment — Dispersion of Cadmium, IvM Free University Report
R-92/06, February, Amsterdam, The Netherlands.

Griibler, A., and Nakiéenovié, N., 1991, Fvolution of Transport Systems:
Past and Future, RR-91-8, International Institute for Applied Sys-
tems Analysis, Laxenburg, Austria.

Hettelingh, J-P., Downing, R., and de Smet, P., eds., 1991, Mapping
Critical Loads for Europe, RIVM Report 259101001, Bilthoven, The
Netherlands.



Sustainable Development 29

Holling, C.S., 1986, The Resilience of Terrestrial Ecosystems: Local Sur-
prise and Global Change,in W.C. Clark and R.E. Munn, eds., Sus-
tainable Development of the Biosphere, Cambridge University Press,
Cambridge, UK.

Jasanoff, S., 1992, Pluralism and Convergence in International Science
Policy, in Science and Sustainability, International Institute for Ap-
plied Systems Analysis, Laxenburg, Austria.

Keyfitz, N., 1991, From Malthus to Sustainable Growth, WP-91-23,
International Institute for Applied Systems Analysis, Laxenburg,
Austria.

Meadows, D.H., Meadows, D.L., Randers, J., and Behrens, W.W. III,
1972, The Limits to Growth, Universe Books, New York, USA.
Meadows, D.L., 1990, User’s Manuals for Strategem-I and Fish Banks
Ltd., Institute for Policy and Social Science Research, University of

New Hampshire, USA.

Meadows, D.H., Meadows D.L., and Randers, J., 1992, Beyond the Lim-
its, Earthscan Publications Ltd., London, UK.

Naess, A., 1973, The Shallow and the Deep, Long Range Ecology Move-
ment, Inquiry 16(1973)95-100.

Opschoor, H., 1989, Na ons geen zondviced - wvoorwaarden voor
duurzaam milieugebruik (in Dutch), Kok Agora, Kampen, The
Netherlands.

O’Riordan, T., and Turner, R.K., eds., 1979, An Annotated Reader in
Enwvironmental Planning and Management, Pergamon Press, Ox-
ford, UK.

RIVM (National Institute of Public Health and Environmental Protec-
tion), 1992, National Environmental Outlook 1990-2010, Bilthoven,
The Netherlands.

Thompson, M., Ellis, R., and Wildavsky, A., 1990, Cultural Theory,
Westview Press, Boulder, Colorado, USA.

de Vries, H.J.M., 1989, Sustainable Resource Use — An Enquiry into
Modelling and Planning, Ph.D. Thesis, University of Groningen,
The Netherlands.

de Vries, H.J.M., Dijk, D., and Benders, R., 1991, PoerPlan - An In-
teractive Simulation Model about Electric Power Planning, IVEM
Groningen, The Netherlands.



30 Bert de Vries

de Vries, H.J.M., and de Greef, J., 1991, Sustainable Development as
a Framework for Environmental Policy (in Dutch), RIVM Report
481501001, Bilthoven, The Netherlands.

WCED (World Commission on Environment and Development) 1987,
Our Common Future, Oxford University Press, Oxford, UK.



Sustainable Underdevelopment:
Commentary on Unresolved
Issues

Sven B. Lundstedt

It should come as little surprise that benefit—cost structures and
procedures to implement them are to be found everywhere. An
especially unique and complicated form of benefit—cost structure
exists in the critical trade-offs between economic development and
global ecological balance in the environment. We usually cannot
have it both, or all, ways for very long in any program of economic
development and reform without redressing this imbalance. This
apparent fact of life suggests that “sustainable development”, as
defined by Harvey Brooks in his excellent analysis (Brooks, 1992,
pp- 29-59), will remain difficult to define and difficult to achieve in
practice.

We may reasonably assume that useful economic productivity in
one economic system will always have some negative systemic spill-
over effects leading to associated costs appearing in others. Given
the complicated interrelationships and interdependencies known to
exist between the different parts of any economy, fully industrialized
or developing, these forms of complexity present serious manage-
ment problems. However, not all second, or third-order effects from
an industrializing economy are necessarily negative. There are also
unanticipated good side effects that occur from time to time. I want
to draw attention to the need for better understanding of the dy-
namics of both positive and negative spill-over effects in any given
case. The traditional idea of costs has to be significantly enlarged



32 Sven B. Lundstedt

to be included in even seemingly difficult to measure costs such as
human suffering.

The beloved automobile is an especially interesting example of a
technology with an increasing negative to positive ratio of primary
to secondary, and tertiary, systems spill-over effects. Automobiles
and other gas driven vehicles such as trucks and buses increasingly
seem to create, in the short and long term, greater and greater
physical, biochemical, social, financial and even psychological costs.
At least for the next decade no practical alternative to the internal
combustion engine has proven itself widely cost-effective, although
other fuels and engines are being widely studied. Because of the
adverse physical and economic power of this unique transportation
invention many essential world systems are now at risk, including
the atmosphere itself. Their sustainability, by any definition, is
certainly in question.

Worldwide energy production systems for heating and indus-
trial production are also other examples of complex systems of crit-
ical benefit—cost trade-offs. The way things are going it may be
impossible, in the near future, to achieve lower cost sustainability
by keeping critical environmental and ecological systems stable in
order to achieve some form of overall systemic balance, without
incurring serious political, monetary, technological, biological and
social costs.

It would be utopian, indeed, to expect to achieve truly balanced
“sustainable development” in any case, given the present choice of
fuels. Ideal levels of sustainable development are impossible to
achieve, as well as impractical. I suggest that we may eventually
need to develop another kind of “impossibility theorem” similar to
Arrow’s critical logical decision analysis in name only (it would at
least have to agree with Arrow’s “impossibility theorem” to the
extent that social agreements jointly decided cannot be determined
by logic alone and require value choices) (Arrow, 1951). That is, it
has to be a realistic alternative to the idea of an endless development
in the form of a cornucopia, which is often based on dangerously
naive expectations of what can be, or even should be, delivered in
comparison to development models based on economies in the West.
We need to begin, also, to understand the ubiquity of economic
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suffering often created by unrealistic expectations and foolhardy
utopianism.

Economic development, therefore, has to develop an idea of
least painful sustainable underdevelopment, as well as its currently
popular utopian counterpart. Yet it also must allow for a positive
image and a vision of sustainable development to grow, in order
to provide human beings with an infusion of new hope that many
improvements are possible in the future. This also has to include
coming to a more realistic understanding of the down side of what
we are already doing in development in the world. It is not a form
of development heresy to attempt to face reality, rather it should
be seen as an unequaled opportunity to build positively upon it.

Policy planners and decision-makers in industrial development,
for example, need to know more or less precisely just how far they
should go in achieving sustainability and development in specific
cases before they begin hurting people and damaging or wasting
too many natural resources. Governance is critical. Effective lo-
cal control and participation through proper forms of subsidiarity
are also required. If the developing countries succeed in making a
quantum leap to industrialization in the next 50 years, how much
polluted air and water are all the people to be potentially affected
willing, or even able, to tolerate before environmental and human
costs skyrocket? Can one imagine, for example, a time when every
tenth citizen of China or Russia might conceivably own an auto-
mobile? Unless new technologies that do not pollute appear on the
scene, given demographic trends, the result would surely be a world
disaster with regard to pollution. Kenneth Boulding once said of
the arms race that we are skirting the edge of a chasm. By not
understanding better the human tolerances toward the down side
of sustainable limits of development, as well as the persistence of
unrealistically high hopes, we may be skirting the edge of a chasm.
This creates a dilemma for politicians, to be sure. Given the adverse
effects from a degrading and increasingly unstable global ecology,
what are the limits of human tolerance for sustainable underdevel-
opment? In many cases, in the developing countries any improve-
ment in quality of life would be considered reasonable progress in
economic development,.
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Many will argue quite correctly that we are already trying to
find many of these parameters. And to calculate, wherever we can,
new forms of cost analyses for ecological systems to provide the
critical feedback signals about human and environmental limits of
sustainability at both ends of the development continuum. Even
given enormous progress, most of the scientific findings to date,
however, have not been functionally integrated into positive envi-
ronmental control programs in development to permit policy im-
plementation. Still, most governments have not yet implemented
proper environmental control programs. With the practical need to
maintain incentives and inducements for direct foreign investment,
more often than not, the environment is compromised. Many busi-
nesses still cling to the traditional form of accounting in which
the environment is seen as an unnecessary externality, rather than
to see environmental costs as a legitimate part of the overall cost
structure.

Much to the chagrin of some economists, there is no endless
cornucopia of economic development possible, sustainable or oth-
erwise, over the entire world as we have been told over and over
again. At best, and for many resources, prices only control market
access to dwindling supplies, as in the case of oil, as geologists have
demonstrated for over two decades. As suggested by the pioneering
work on the “limits to growth” there are real system boundaries for
everything, including the limited resources in the ground.

After all the promises that have made by some development
administrators and political and industrial leaders, what a sad day
it may become for the people of a developing country when they
must painfully learn to adapt to the fact that they cannot have
everything their Westernized economic development programs may
have led them to think of as possible to achieve. What an impos-
sible political and distribution problem this will pose in the future
without an accurate sense of the realistic lower and upper limits of
human tolerance for sustainable underdevelopment.

If this alternative vision of sustainable underdevelopment is in-
deed found to be the true picture imposed by the constraints of
the environment, how do we learn to live with the hard fact that



Sustainable Underdevelopment 35

not everyone, or perhaps even at times the most needy, will neces-
sarily share equitably in the world’s wealth, even to sustain their
basic needs? Should development planners encourage an approach
to development that attempts to meet basic human needs to assure
that only basic survival is possible? Hardly. How will those who
may believe in a purely market oriented approach to development
resolve this ethical dilemma of distribution? If this is indeed true,
then from what philosophy of life and human betterment will we
have to find renewed hopes for the future? And what about the
economic, moral and political justifications for living with less than
one hoped to get from all the promises made in the name of progress
and human betterment in the past? A danger is that people may
become too deeply stoical and cynical if this deeper human aspect
of the human personality is not considered. In cooperation with
the rest of the world, both West and East may have to share with
each other more of their various philosophies, justifications, wisdom
and creative forms of culturally based problem solving about how
to achieve economic fullness in life, as well as whatever else may be
required.

Materialism, or technology alone, surely cannot provide the en-
tire answer. Economies based on purely materialistic assumptions
to the neglect of moral and spiritual considerations have been shown
to be not particularly successful in providing appropriate solutions
to meeting human needs. Human satisfaction within the economies
of the world may also have to be based on people acquiring much
more knowledge and education, as well as the appropriate spiritual
satisfactions that reach beyond material technologies, important
though the technologies, are. These are areas in which sustainable
overdevelopment should, and can, flourish.

References

Arrow, K., 1951, Social Choice and Individual Values, John Wiley, New
York, USA.

Brooks, H., 1992, Sustainability and Technology, in Science and Sustain-
ability, International Institute for Applied Systems Analysis, Lax-
enburg, Austria.






Rapporteur’s Report

Joanne Linnerooth-Bayer

The challenge raised by Harvey Brooks in his paper, Sustainability
and Technology, is to translate the concept of “sustainable devel-
opment” into operational criteria. Brooks’ main point is that the
term should be operational, by which he means that a consensus
should be sought on the meaning of sustainable development which
makes clear the underlying goals and values of those using it. The
danger is that the term continues to be used in a “catchall” manner
or primarily for its rhetorical value. It is important, according to
Brooks, that those using the term be explicit about their underlying
goals and values for the future of global society.

One generally shared goal for a sustainable society is the long-
term survival of humankind, for which there may exist many paths,
each dependent on a particular social and cultural context. If sur-
vival is the goal, then sustainability is a necessary, but not entirely
sufficient, condition for a desirable society. For instance, it may
be possible for the earth to support a much larger population than
generally considered feasible. Taking into account radically differ-
ent technologies for producing food, even a population of 100 billion
might be imagined. Yet, this path may not be desirable. Consid-
ering the diversity of values, especially between the developed and
developing countries, separating the concepts of “sustainable paths”
from “desirable paths” might establish the basis for a consensus on
the concept of sustainable development.

Bert de Vries, in his discussion of Harvey Brooks’ paper, ques-
tions whether such a consensus with respect to its definition of
sustainability is either desirable or even possible. Much like the
concept of human rights, which enjoys little consensus on its precise
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meaning but which has proven powerful in changing the behavior of
many governments, the practical usefulness of the sustainable de-
velopment concept may lie more in its intuitive and symbolic value
than its precise meaning. A fruitful concept of sustainable develop-
ment, de Vries argues, should take into account the different images
or metaphors of the future of those using it. The rather short his-
tory of the concept of sustainable development suggests five possible
clusters of these images or perspectives, including the technological,
the resource-economic, the environmental, the ecological, and the
cultural.

For the technologist, human resources in terms of skills, adap-
tiveness and ingenuity are the means for overcoming physical re-
source and pollution constraints. Technology is the major driving
force, in fact, the greatest threat may be an image of a future which
is laden with a fear of the constraints. The resource economist
does not have this same sense of technological inspiration, but does
consider it necessary to use technology in carefully managing the
future. The environmentalist sees the human’s role on earth as a
steward, and the essence of the environmental perspective is an-
thropocentric care of the “Garden Earth”. To the ecologist, na-
ture is characterized by a vision of interdependence, harmony and
partnership, not by exploitation and utility. Finally, the cultural
orientation differs from the previous perspectives in the sense that
human psyche and culture are the starting points, and the debate
on sustainability should, in this view, be related more to “quality
of life”. If life is to be sustained, it should also be worth living.

These different perspectives, de Vries points out, are closely
related to the concept of plural rationalities found in cultural theory
as developed by Mary Douglas, among others. (See, for example,
Douglas and Wildavsky, 1982, or Schwarz and Thompson, 1990.)

They do not, however, necessarily contradict Brooks’ plea to
separate or be explicit about value judgements. However, we know
from debates on the social acceptability of technology that these
different rationalities ultimately obstruct meaningful communica-
tion since the very essence of the problem is framed and defined
differently depending on the rationality of the participants in the
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discussion. The same appears to hold true for the concept of sus-
tainable development, and without this communication it is hard to
conceive of a consensus on its definition. The complexity of reaching
a consensus will be manifest then, not only in the “North-South”
dialogue, but even within the borders of a country.

Brooks conceptualizes a sustainable development policy for the
selection and deployment of technologies as one that forecloses as
few options for future generations as possible. In assuring that
these options are not closed off, we should take account of the re-
sources we use up as well as the resources we leave behind. This
includes not only physical infrastructure, but in addition knowl-
edge and social capital in the form of social organization, norms,
networks, trust and a sense of community — all of which enhance the
future’s capacity for coordinated action. In many ways, this con-
cept of sustainable development reflects, but also goes beyond, de
Vries’ perspective of the technologist for whom resources in terms
of skills, adaptiveness and ingenuity are the means for overcoming
constraints in terms of population, resources and industrial waste.

This rather optimistic concept of sustainable development raises
at least two major concerns. The first involves the distribution of
resources over the planet. It is important to ask which societies
sacrifice their current natural resources and which societies inherit
the knowledge and social capital. The second issue concerns how
far this technological and social/institutional inheritance will take
future generations in addressing the problems we endow them with,
and what might be the unanticipated or inevitable surprises. Again
revealing his optimism, Brooks suggests that we hope for positive
surprises. Indeed, surprise is a form of information since if we
expect something, the information content is nil.

Perhaps one of the more controversial points in Brooks’ paper,
and one that caused a great deal of discussion at the workshop, is
his argument that the rate of change of the level of development
and population is more important than the absolute numbers, at
least at the present time. One important reason, of course, is that
our social institutions and infrastructures have a more difficult time
adapting to rapid or discontinuous changes. But some participants
queried whether the absolute levels of population and pollution in
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some areas were not, even today, reasons for considerable concern.
While the social capability to adapt appears to be increasing, what
societies must adapt to, even today, may be outstripping this ca-
pability.

Brooks argues further that economic development and sustain-
able development can be synergistic; in fact, any strategy that de-
stroys the economy is certainly not sustainable. When considering
economic development, it is important to recognize that economic
growth can take many different forms, including growth in the area
of health and education in developing countries. The issue appears
to be how to channel economic growth to promote a sustainable
world. In this regard, the discussants noted several difficulties.
One major problem appears to be the social propensity to couple
innovations that conserve resources and reduce pollution with be-
havior that increases resource use. Two examples were given at
the workshop: The European Community is considering proposals
to make trucking more energy efficient and less polluting, but the
proposals will hardly keep up with the rapidly increasing numbers
of trucks on the roads. Nor, for that matter, did the revolution in
information technology reduce the amount of paper we use.

Another unsettling difficulty is the number of technological in-
novations that do not come onto the market. Fritz Paschke pointed
to the automobile as an example. The environmental contaminants
from automobile use can be reduced significantly. The use of mi-
croelectronics results in better engine control; advances in material
resources can lead to lighter frames and almost total recycling; and
computer simulation can make it possible for engines to operate
with far less fuel. Advances in biotechnology can lead to alterna-
tive fuels, and electric engines are already in operation. Hence the
problem appears not to lie in technological innovation, but rather
in marketing the innovations. The troubling fact is that many of
the above advancements were already available many years ago.
(The basis for the innovation of the direct injection diesel engine
was already available in the 1930s!) If technology does significantly
change the way we operate, it will likely be through the slow, incre-
mental processes that we have experienced in the past rather than
by radical changes.
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The issue of technological innovation and dispersion naturally
leads to a discussion of the role of the market in directing techno-
logical development towards more sustainable paths. While it is
now taken more or less for granted that the market has serious de-
ficiencies when left unregulated, several discussants suggested that
market distortions on the part of government may be a more seri-
ous source of environmental degradation than the intrinsic failure of
markets to internalize environmental externalities. A recent study
on deforestation by the World Bank reveals that major culprits are
government subsidies and other types of market interference. The
same holds true in many other areas, i.e., road subsidies, energy
pricing, and farm supports. The message 1s not that the govern-
ment should not interfere with the market, but that it should in-
terfere in such a way that the prices “tell the truth” or reflect the
true environmental and social costs.

Another problem with government interference, or even non-
interference, 1s that the measures often have the opposite effect
from their intent. For example, in many developing countries it is
considered immoral to charge for water even when water resources
are extremely scarce. But since the rich often have sole access to the
plumbing necessary for receiving the water, water vendors charge
the poor!

The North’s responsibility towards the developing world is cen-
tral to any discussion on technology development and global sus-
tainability. The industrialized North uses far more energy and other
resources per person, and therefore produces more CO, and other
greenhouse gases than the South. Hence, it is sometimes argued
that the First World, rather than the Third World, ought to limit
population. This view was not wholeheartedly accepted by the par-
ticipants, however. Since the Third World is intent upon attaining
the economic levels of the First World, and as rapidly as possible,
it 1s inconsistent to treat the less developed countries as though
they will always be poor. One of the big problems of the debate
about sustainability, it was bemoaned, is that population is often
off limits as a controllable variable.

Technology and knowledge transfer is certainly not off limits,
and it is often and rightly argued that economic development in
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the Third World, with the aid of the North, is the most promising
way to reduce population. There is little scientific disagreement
that the most critical variables for family size are education and
income. The World Bank asserts that if women were educated
worldwide, the average number of children per woman would de-
cline from seven to three. The argument for transferring significant
sums to the South for technological development and environmen-
tal improvements gains even more momentum considering that, in
many instances, the industrialized North can reduce global pollu-
tants more cost effectively by introducing new technologies in the
South. Unfortunately, the enthusiasm for this route to a sustain-
able world is dampened somewhat by the numbers. One participant
referred to a study in Finland which showed that the investments
in energy technology alone, in order to ensure that the developing
world achieves the same level as the developed, would be far more
costly than what is presently even discussed for technological aid.
But it may be these kinds of costs that are necessary, since there
was little disagreement that closing the rich-poor gap is necessary
for any long-term social sustainability.

If technology and income transfers from North to South are cru-
cial ingredients for a sustainable world, we have to face the trade-
offs that such transfers imply. One trade-off may be the options that
we leave to future generations in the form of endowments in knowl-
edge and social capital. As one participant asked, what is more
likely to promote global sustainable development - investments in
scientific research or technology transfers to the developing coun-
tries? Difficult trade-offs of this sort must be faced if we are to
meet Brooks’ challenge of translating the concept of “sustainable
development” into operational criteria.
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Foreword

In his paper Tokio Kanoh writes of the unprecedented prosperity
that technological innovation has provided. Aside from giving us
such rich consumption of varied goods, technology has also short-
ened working hours, extended longevity, and enriched our supply of
information. One after another mankind’s dreams have come true.

Potentially grave difficulties reside in the fact that 80 percent
of this affluence is powered ultimately, directly or indirectly, by hy-
drocarbons, mostly fossil fuels. These have already begun to reveal
numerous problems: we hear complaints on the disposal of waste;
throw-away consumption including frequent replacement of durable
household equipment; urban pollution; acid rain; land erosion; and
global warming. Nor does that complete the list of problems that
have become associated with industrial society. On another level
are drugs, crime, AIDS, homelessness, and a variety of other social
ills. A range of miscellaneous concerns goes all the way from traf-
fic accidents and congestion of roads to growing inequities between
North and South that disturb the world community. These all re-
mind us that civilizations do not last forever, and some of those we
read about in history have lasted but briefly. Is that likely to be
the fate of ours?

Not if we recognize the problems and deal with them, for the
solutions are as obvious as the difficulties themselves. Once we
become attentive to the problems, which means becoming more
humane and ecologically minded, we will make durable goods gen-
uinely durable and then be willing to use them longer and build
adequate roads and other infrastructure before rather than after
supplying the market with the convenience of private cars.

Deposits on bottles and other containers will be high enough
to constitute adequate incentives for recycling. Industrial waste
heat can be salvaged for heating homes, spent nuclear fuel can be
reprocessed. When environmental costs are included in product
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prices by means of appropriate taxes energy conservation will be
spontaneously looked after by citizens.

The list of what can be done is a long one. Better design of
houses, including better insulation, would lower use of fuel for heat-
ing and cooling, and be worth while even after district heating that
utilizes waste heat from industry becomes general. Prototypes have
already shown that automobiles can run at a much higher efficiency
than any now on the road. Cars would be run less if mass tran-
sit systems were improved and their use encouraged. Hydro and
geothermal sources of energy issue no emissions, and they ought to
be promoted to the extent that sites can be found.

In the past, energy use has grown pari passu with income, al-
most as though every dollar or yen of income required a constant
amount of energy. In fact there is no such constant ratio of energy
to income, and Kanoh would go further toward decoupling the two:
let income rise by all means, but hold down energy use.

The above eminently practical measures could be undertaken
without appreciable sacrifice; our standard of living would continue
to rise, even if not quite as rapidly as without such measures. Not
as rapidly in the short run, that is; in the long run such measures
would permit faster rise than would be possible without them. Yet
the obviousness of these suggestions, depending very little on new
technology but only on better use of the existing technology, does
not ensure their use. We see more verbal agreement on them than
we see actual implementation. In only a few countries are these
changes being made at all, and for the most part not very whole-
heartedly.

Cooperative programs are needed to stimulate conservation in
countries with carbon dioxide emissions above the average. For the
developing countries transfer of the technology for energy conser-
vation measures is strongly recommended.

Tokio Kanoh has provided an exhaustive account of the diffi-
culties the industrial world faces, and insofar as these are due to
excessive energy use he shows the means for dealing with them.

Committee for ITASA 92



Discussion

Alessandro Vercelli

Mr. Tokio Kanoh’s paper is a broad survey of the issues related to
dematerialization and decarbonization well documented by compre-
hensive worldwide empirical evidence and accompanied by a long
list of policy proposals.

The paper 1s very stimulating and informative, but I would like
to comment that the conceptual framework underlying the analysis
is not fully made clear. Why should we pursue dematerialization
and decarbonization? What, if any, is the nexus between the two
goals? How should we pursue them?

The empirical evidence and the policy proposals put forward by
Mr. Kanoh may have different theoretical and practical implications
for different answers to the preceding questions.

What I can try to do in my comments is just to give a few sug-
gestions for the possible directions of analysis. Being an economist,
I will base my suggestions on an ecological economics framework.

My first observation is that economic development would not
be sustainable in the long run without a sufficiently rapid process
of dematerialization and decarbonization. The reasons are not so
obvious as they may appear at first glance, and they are partly
different for the two processes. In addition, this thesis may be
analyzed from two different points of view, depletion of exhaustible
resources and pollution.

Let us begin from the point of view of depletion and analyze
dematerialization and de-energification first. Economic develop-
ment has been traditionally defined by the economists as implying
a growth in output per capita and consequently in material and
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energy inputs. Since part of the material input comes from ex-
haustible resources and part of the energy input comes from non-
renewable sources, economic development seems condemned to be
unsustainable. Optimistic economists claim that the problem may
be easily solved by substituting non-exhaustible resources for ex-
haustible resources and renewable energy inputs for non-renewable
energy inputs. In addition, they believe that the market mech-
anism would be perfectly efficient in performing this substitution
process rapidly and correctly. From this viewpoint, as a resource
approaches exhaustion its price would rise because of its enhanced
scarcity, and this would reduce its utilization and increase the uti-
lization of less scarce resources.

Unfortunately, it can be shown that there are limits to this pro-
cess of substitution so that the market is unlikely to succeed in ex-
ploiting the potential benefits of substitution efficiently enough and
rapidly enough. There are many reasons for market failures that
are related to different kinds of external effects which the market is
unable to evaluate. I will just mention one. Substitution may occur
only when how to do it is known, but existing technological knowl-
edge 1s insufficient to allow substitution whenever this is necessary
for sustainability. In addition, we cannot just rely on technological
progress, as its results are always deeply uncertain: technological
change cannot be fully planned and perfectly forecasted. Research
on substitution must start long before it becomes urgent: however,
the market mechanism is short-sighted and unable to give the right
signals in time. Even those who believe in the virtues of a perfectly
competitive market as far as the static allocation of resources is
concerned recognize that it does not work well for inter-temporal
allocation, particularly under conditions of strong uncertainty [see,
e.g., Hahn (1989) and Vercelli (1991, ch. 5)].

Since we cannot fully rely on the substitution of non-exhaustible
resources for exhaustible resources and renewable energy sources for
non-renewable energy sources, development can become sustainable
in the long run only by relying on a continuing process of dema-
terialization and de-energification. In other words we must find a
way to increase the output without increasing either the material
or the energy inputs.
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Fortunately, this process has already begun. Kanoh gives in-
teresting examples, particularly for the de-energification process.
In particular he shows (in Figure 7) that in the Japanese private
industrial sector the consumption of energy did not increase after
1973, notwithstanding a great increase in output; more generally,
after the oil shocks of the 1970s, the consumption of energy began
to increase less than the output (“decoupling of energy from GNP”
in Kanoh’s words).

Kanoh also maintains that the process of dematerialization be-
gan long ago and is currently going on. He stresses in particular the
process of structural change (see pp. 69-72 and Figure 2) which has
shifted production from the more resource-intensive sectors (steel-
making, chemical, aluminium refinery, cement) to less resource-
intensive sectors (informatics, bio-technology, services). He also
mentions recycling as a potentially powerful means of dematerial-
ization. In fact, recycling reduces the percentage of new material
inputs contained in a unit of product. Unfortunately, recycling is
currently developing too slowly, as the author himself recognizes.

We can recall two other important processes which may induce
dematerialization:

1. Miniaturization, i.e., the reduction in size and weight of a cer-
tain good. The case of electronics is particularly clear. Comput-
ers, for example, have progressively become smaller and smaller
while becoming more and more powerful. This means that the
material input of goods measured in use value is steadily de-
creasing.

2. Increasing the content of R&D in the value of goods which
again implies a reduction in the material and energetic content
of goods per unit of value.

It has been observed that the new technologies are ambigu-
ous from the point of view of dematerialization (see, in particular,
Herman et al., 1990). Miniaturization in electronics has increased
greatly, for example, the number of computers per capita, while
the diffusion of computers — somewhat surprisingly — has greatly
increased the consumption of paper, and so on. However, if the ef-
fects of technological change are ambiguous at the micro-economic
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level, they are much clearer at the macro-economic level. The per-
centage of national income produced by primary (agricultural) and
secondary (industrial) sectors is declining, while that produced by
the tertiary sector (services) is increasing. Since the percentage of
material inputs in the tertiary sector is, generally speaking, lower
than in the primary and secondary sectors, the process of tertiariza-
tion contributes to the dematerialization at the aggregate level.

Coming back to the conceptual framework of the paper we may
say that, from the point of view of the depletion of exhaustible
resources, the nexus between the first part of the paper which deals
with dematerialization and the second part which analyzes the so-
called decoupling of energy from GNP, is quite clear. Less clear is
the nexus with the third part which deals with decarbonization of
energy sources.

The most urgent reason for dealing with decarbonization is not
scarcity: in the paper presented in this conference Dr. Umberto
Colombo (1992) clearly shows that, paradoxically, proven reserves
of oil and natural gas have kept increasing faster than their deple-
tion and that “proven reserves [of coal] could guarantee more than
230 years of energy supply at present levels of consumption”. The
most urgent reason for promoting decarbonification is, of course,
pollution leading to the greenhouse effect, acid rain, damage to
health, etc. Pollution may also justify, in part, dematerialization
and de-energification. Any material process of production and con-
sumption of goods and energy is potentially polluting, but here
again the main problem is the substitution of less-polluting, pro-
ductive processes, goods and sources of energy for the existing ones.

The relationship between depletion and pollution in the frame-
work of a model of sustainable development may be seen in a dif-
ferent time-scale: depletion of exhaustible resources is mainly a
long-term problem, while pollution is also a medium- and short-
term problem.

However, there is also a deeper relationship between pollution
and depletion. What makes the environmental problems particu-
larly urgent and intractable is the interaction between depletion and
pollution. Pollution induces the rapid depletion of vital resources,
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which are not classified as exhaustible per se but are heavily af-
fected by pollution in their quality: in particular water and air. In
other words, what is rapidly becoming very scarce is clean air and
clean water. I could add in the same category other commons such
as bio-diversity and cultural diversity, which continue to shrink as
a consequence of economic growth (see Dasgupta et al., 1993).

What is really dangerous, as Professor Harvey Brooks (1992)
reminds us in his paper, is a scarcity not signalled by prices. Pol-
lution induces negative externalities, which the market is unable to
express through prices. The depletion of clean air and clean water
and other resources is so worrying exactly because its causes and
consequences are not signalled by market prices. Moreover, in this
case, it is very difficult, if not impossible, to find viable and accept-
able substitutes for the depleted resources. In addition we cannot
remedy the problems induced by externalities through Pigouvian
taxes and subsidies, because for these kinds of resources property
rights are neither defined nor easily definable.

Mr. Kanoh does not limit himself to a description of current
trends in dematerialization, de-energification and decarbonization;
he also suggests a long list of policy proposals meant to accelerate
the pace of these processes. Most of these proposals may be con-
sidered sensible, although not particularly original. Unfortunately
the priorities and compatibilities among them are not discussed in
the paper. For example, investment in “attractive infrastructures”
(p. 67), or in “district heating and cooling systems” (p. 67 and 78),
or in better insulation in housing (p. 78), may imply, at least in
the short run, an increase in economic activity which could aug-
ment public expenditure and growth and put higher pressure on
resources.

Another possible incongruence in the policy part of the paper
may be seen in an alleged confidence in the power of the price mech-
anism (pp. 72, 78), while the policy proposals neglect the measures
based on the correction of the price system in order to internal-
ize the externalities and decentralize the economic incentives and
dis-incentives (ecological taxation, marketable permits, etc.).
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Finally a safe and peaceful utilization of nuclear power is advo-
cated without discussing the technological and economic objections
which have been raised against this policy.

We must conclude that, the lack of a clear conceptual framework
partly undermines also the policy part of the paper. Notwithstand-
ing this weakness, we must thank Mr. Tokio Kanoh for his lucid,
informative, and insightful description of the current processes of
energy decoupling and decarbonization.
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Discussion

Ernst von Weizsacker

Mr. Tokio Kanoh’s paper “Toward dematerialization and decar-
bonization” addresses three important issues relative to the need
of eco-structuring the world economy: (1) the de-materialization
of affluence, (2) the de-coupling of energy from GNP, and (3) the
decarbonization of energy.

Kanoh makes a number of proposals for actions on interna-
tional levels. With few exceptions they are part of the interna-
tional discussion today. Nevertheless, all warrant further consider-
ation, in particular from the point of view of the LDC’s. Perhaps
the most controversial of Kanoh’s proposal is his suggestion to in-
crease nuclear power supplies for countries “without natural energy
resources” as soon as possible.

The following questions should be considered in connection with
Kanoh’s paper:

e Which substances should receive priority attention in the de-
materialization process, using toxicity, depletability, climatic
“toxicity” as criteria?

e How far can resource and energy productivity (welfare output
per resource unit-input) be increased?

e  Which steering mechanisms will lead to significant increases in
energy and resource productivity?

e How can forest mining, petrol mining, the mining of fossil water,
etc., be stopped or slowed down?

A consistent strategy for initiating toward more sustainable de-
velopment may be composed of the following elements:
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e Systems analysis of energy “demand” including price elasticity
of energy consumption.
Systematic increase of energy productivity.
Conversion of the “demand” for energy and goods into a de-
mand for services.

e Anecological tax reform de-penalizing human labor and putting
an increasing fiscal burden on energy and resource consumption.

Further reading: Ernst U. von Weizsacker, Forthcoming, Farth Pol-
itics — FEcological Realpolitik at the Threshold of the Century of the
Environment, Zed Books, London, UK.



Rapporteur’s Report
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Scheduled Discussants

Professor Ernst von Weizsacker’s point of departure was the hypo-
thetical goal of halving global primary energy demand by the year
2030 in deference to the need to stabilize global climate. As a means
of achieving this, he proposed a tax reform, by which real prices
of energy, water, and bulk materials would be increased by 5% per
year, and other taxes such as VAT and income taxes decreased in a
revenue-neutral way. As a result, he expects an increase of energy
productivity by a factor of three at least. In many instances, the
high prices of these primary materials would serve the environment
more efficiently than regulations or permits. As an illustration that
higher energy prices do not necessarily go along with lower economic
performance, he presented a graph showing a positive correlation
between energy prices and “economic performance” (as defined by
a compound of economic output, number of patents, and others) in
the time period 1975-1990 in the USSR, the USA, the EEC, and
Japan.

Alessandro Vercelli formulated two questions that he felt had
been only implicitly asked in T. Kanoh’s paper, i.e., Why should we
decarbonize? and How should we do it?7 As a possible answer to the
first question he suggested that development cannot be sustainable
without decarbonization or dematerialization. By definition, the
general strategy for achieving sustainability is the substitution of
depletable by renewable inputs. In reality, however, there are limits
to this substitution, and market forces alone are insufficient to bring
it about. He argued that technological knowledge is the key to
overcoming these difficulties in practice. Moreover, this knowledge
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must exist much earlier than the urgent need for it arises. As a
relevant achievement of the past he mentioned miniaturization, and
as a concrete strategy for the future he suggested increasing the
“thought content” of goods. As one particular example of market
imperfection he mentioned the lack of price signals reflecting the
depletion of common goods such as clean air and drinking water.

General Discussion

In response to the favorable role played by nuclear energy in the
session’s paper, discussion about the well-known positive and neg-
ative aspects of nuclear energy followed but, as was to be expected,
no conclusion was reached.

Kanoh argued that electrification could lower birth rates — as
the examples of Japan (100% electrification and 11 annual births
per 1000 inhabitants) and the Solomon Islands (10% electrification
and 45 births) suggest.

Discussing von Weizsacker’s proposal of a tax reform, it was
argued that the responses to such a price signal could easily be
much weaker than assumed by its proponents. As another possible
drawback, concern was expressed that the acceptability and other
socioeconomic consequences (such as its regressive feature) of an
energy tax might be in the way of its implementation.

As an example of the enormous problems faced by the devel-
oping countries, it was mentioned that, although China has a huge
potential for hydropower (370GW), there is, at the same time, a
distance problem, i.e., the potential is far away from the centers of
demand. Kanoh proposed that an environmental tax be levied in
the industrialized countries, part of which would be transferred to
the developing countries as an assistance to improve their environ-
mental situation.

Von Weizsacker praised the Japanese system in which he ob-
served slow gradual compliance with long-term goals. Learning
from this example, he proposed the gradual introduction of an en-
ergy tax following a precisely defined path.

As a general word of warning, it was mentioned that often the
positive aspects of new ways of doing things are compensated by
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unforeseen side effects. An example mentioned was the ideal sit-
uation of a “paper-less” office as a consequence of the computer
as a writing and typing aide. In contrast to this hope, the paper
consumption of the US has more than tripled between 1959 and
1986. Other examples can be found where more efficient energy
end-use devices led to an increased consumption of the correspond-
ing energy service, such as in the case of more fuel-efficient cars or
energy-efficient light bulbs.

The discussants agreed that the total amount of materials
moved worldwide grew in proportion to the GDP over the past
years. However, the global energy system has decarbonized at a
rate of 0.3% per year since 1960. Adding to this the decrease of
energy intensity, carbon emissions per unit of GDP have even de-
creased at an annual rate of approximately 1.5%.

Kanoh said that a shift to electricity could be observed in all
economic sectors but the transportation sector. It is therefore cru-
cial to promote transportation means that are less carbon-intensive
than today’s. These include urban metro systems and CNG (com-
pressed natural gas) cars — of which more than 100,000 have already
been sold in New Zealand.

The discussion about CO, removal and storage centered on the
environmental consequences of deep-ocean storage. To date, the
effects on marine life of increasing CO; concentrations in the deep
ocean is largely unclear. A problem with CO; removal by micro-
algae is the low density (or high land — or water surface - require-
ments) of carbon sequestration. It corresponds to an energy density
of 10 watts per square meter. It was therefore agreed that micro-
algae can only be one of many partial contributions to the overall
problem.
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Foreword

As Umberto Colombo sees the future, in the Developing Countries
there will be large increases in the use of fossil fuels as people shift
from family-gathered fuelwood for cooking and locally extracted
oils for lighting, to commercial sources for these and other purposes.
In addition the beginning phases of industrialization have always
required large inputs of energy.

In one theoretical model the trajectory of energy use is a bell-
shaped curve, in which the rising phase continues until industrial-
ization is well under way, and then a declining phase follows, with
decline to a level as low as before industrialization began. Defining
energy intensity as energy divided by GNP, a chart of the historical
record shows something indeed similar to a bell-shaped curve from
the beginning of the 19th century for the United Kingdom and the
United States, and similar curves for other industrial countries dur-
ing the 20th century. This suggests large increases for the Third
World as it advances through the phases of industrialization.

Colombo reviews the issues of reserves and finds that shortage of
fossil fuels is not likely to be the limiting factor on our use of them.
On the other hand the effect of carbon dioxide emissions, especially
climatic effect, could well bring to a stop a line of development that
the West has followed ever since the start of its industrialization.

It is for such reasons that the decoupling of energy from the
growth of income is promoted now in the industrial countries. It
has one incidental disadvantage: it makes the forecasting of energy
from a given income progression far less accurate. Moreover the
large differences in per capita use of energy from country to country,
as well as its changes within a country, make population forecasts
poor guides to energy use.

Colombo’s chief preoccupation on the environmental front is
with efficiency of energy production and use. The First World is
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more eflicient in energy use than it has been, but its affluence per-
mits it to be more efficient yet. And that further increase is nec-
essary if it is to allow for emissions from less advanced countries.
Moreover it should set an example of economizing to the Third
World, now starting to pass through the most difficult phase of
the industrialization cycle. What the planet cannot support is to
have more countries go through the energy-extravagant trajectory
of the European and American 19th century in the course of their
development.

Committee for [IASA ’92



Discussion

Toufiqg A. Siddiqi

Professor Umberto Colombo has provided us with a wide-ranging
overview of the present energy situation, future prospects, and a
number of concerns that need to be reconciled if our energy needs
are to be met in a way that is sustainable. In the space available
here, it is possible to comment on only a few aspects of the paper.

Since we are celebrating the 20th anniversary of [IASA, it might
be useful to start with the energy situation as it was perceived
during the year immediately after [IASA’s establishment, i.e., 1973.
As you recall, that was the year of the “First Oil Crisis”, and our
main concern was with the implications of there not being enough
energy available at a reasonable price. Oil reserves were believed to
have started declining, and a similar situation was believed to be
imminent for natural gas. Two decades later, our principal concern
is not with too little energy, but with the implications of using too
much of it. The data provided by Professor Colombo in Table 3.2
have been used as the basis for constructing Figure 1.

From the table, we can see that the proven reserves of oil tripled
during the last three decades, whereas the natural gas reserves in-
creased by a factor of seven. Reserves of both fuels still appear to
be increasing, in large part due to the reclassification of previously
known resources. Qur concern has shifted from adding to global
reserves to a discussion of whether already known reserves of fos-
sil fuels can be used for energy, without significantly changing the
world’s climate.

An important challenge for systems analysis in the nineties is to
extend the scope of analyses of energy-environment models beyond
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Figure 1. Proven global reserves of oil and gas, 1960-1990.

projections of aggregate supply and demand and pollutant emis-
sions at national levels, and to examine the implications for vari-
ous regions and groups within countries. In the context of global
change discussions, the phrase “No regrets strategy” is often used.
But the question No regrets for whom? is seldom asked. This may
not appear important in relatively small, homogeneous, countries,
but is a crucial question for many large, diverse nations be they
industrialized or developing ones.

A strategy, for example, of switching from coal to natural gas
or nuclear power in order to reduce carbon dioxide emissions is full
of “regrets” for persons associated with the production, shipment,
and use of coal in Australia, Canada, China, India, Poland, South
Africa, USA, and many other large countries. In countries with a
diversity of energy resources, the losses for the coal producers might
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be offset by gains for the producers of natural gas or manufacturers
of nuclear power plants at a national level. However, the impacts
on individuals and groups of a switch from coal to gas would be
different. Policymakers are usually responsive to the needs of large
groups. Thus the distributional impacts of specific policies need to
be addressed more explicitly in systems analyses.

We are already witnessing the response of the large coal and
oil producing countries in the climate change negotiations. They
have not been at the forefront of those attempting to set deadlines
for reducing emissions of carbon dioxide from fossil fuels. Of the
six countries with the largest current and projected emissions of
carbon dioxide, only Germany has a relatively strong commitment
to reducing CO, emissions from present levels. In Figure 2, high
and low scenarios are given for emissions in 2010. Emissions in
Japan in 2010 may be close to present levels, and possibly in the
countries comprising the former Soviet Union, if energy efliciency
improvements are made.

The current debate on a global climate convention has focussed
on issues of equity between countries. Occasionally, it has touched
on equity between generations. Questions of equity within countries
have seldom been raised. It is true that the average per capita con-
sumption of energy in the industrialized countries is several times as
high as that in the developing countries, as Professor Colombo has
indicated in Figure 3.1. 1t is, however, equally true that a small per-
centage of the population in the developing countries, particularly
in the urban areas, has levels of energy consumption comparable
to that in the industrialized countries, and an order of magnitude
higher than that of the rural populations in those countries. Sys-
tems analysts need to spend a great deal more time on scenarios for
making more energy in environmentally acceptable forms available
to these frequently underprivileged groups within countries.

The middle part of Professor Colombo’s paper deals with nu-
clear and renewable energy. These appeared to be promising so-
lutions to the problems of the energy shortages of the 1970s, and
they again appear to be solutions to the problems of the energy
impacts of the 1990s. In the meantime, two decades have passed
in which only a limited effort has been undertaken to develop more
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Figure 2. Recent and projected emissions of CO; from fossil fuel
use in largest emitting countries.

socially acceptable and cost-effective ways of using these sources.
Nations still have to figure out a way in which development of new
energy technologies is not largely dependent on the current cost
of the most widely used energy source (at present oil). One could
make a more general statement and say that the concepts of “sus-
tainable development” require that societies take a new approach to
investment in research and development. Criteria such as “Payback
Period” and “Internal Rate of Return” may have to be combined
with other criteria to enable larger investments in technologies that
would contribute to “sustainable development”, but which might
require two or three decades of development.

An important final point in Professor Colombo’s paper deals
with the ratio of energy consumption/GDP over time in a number
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of countries (Figure 3.8). He has suggested that countries under-
going industrialization at a later stage than others will have better
technologies at their disposal, and will thus show lower peaks on
the curve. This appears to be borne out for the United Kingdom,
USA, Germany, France, Japan, and Italy. Peaks have not yet been
reached in the less developed countries, and in Eastern Europe, as
was to be expected, but there is concern that the energy intensity of
GDP has already reached values higher than the peaks reached by
Japan and Italy, the countries that reached industrialization most
recently.

A partial answer lies, as Professor Colombo has suggested, in
the general lack of availability of new technologies in the developing
countries, and the reluctance of centralized governments in East-
ern Europe to invest in modern technologies for the commercial
sector. Part of the answer may also lie in the well-known difficul-
ties of getting really comparable values of GDP in the developing
countries. In many cases, the “real” GDP may actually be substan-
tially higher than that used for these calculations, thus lowering the
energy consumption/GDP ratio. Further, the cost (in dollars) of
producing a ton of steel or aluminum is about the same in France
or India, but the salary of a white collar worker in France may
be 20-30 times as much as his counterpart in India. As the num-
ber of persons employed in the “service” sector in the industrial-
ized countries increases, as it has during recent decades, the energy
consumption/GDP ratio has declined faster than improvements in
energy efficiency.

A challenge for system analysts during the 1990s and be-
yond may be to start measuring improvements in energy efliciency
strictly in terms of physical output/energy used, and services sup-
plied/energy used. Whereas we can expect the former to show
steady declines as technology improves, there is no reason to ex-
pect the same for the latter. Depending on the particular mix of
services in different societies, the latter might keep increasing, de-
cline, or stay constant. It is comfortable to be able to use a single
indicator like the GDP in energy analysis, but it may be hazardous
to use it in situations where it is not the most appropriate variable.
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References for Estimated Emissions Shown in Figure 2

USA:
High Scenario: US Department of Energy, 1991, Limiting Net
Greenhouse Gas Fmissions in the United States, report to the
Congress of the United States, R.A. Bradley, E.C. Watts, and E.R.
Williams, eds.
Scenario used as “National Energy Strategy Actions Case”.
Low Scenario: Increase of 5% from 1990 levels by 2010.

USSR:
High Scenario: Makarov, A.A., and Bashmakov, 1., 1991, An Energy
Development Strategy for the USSR, in Energy Policy, special issue
on Climate Change: Country Case Studies, J. Sathaye, ed., 19:987~
994,
Calculated from scenario used for “Reference case”.
Low Scenario: Reference same as above, except scenario used is the
one labeled “Interfuel Substitution”.

China:
High Scenario: Siddiqi, T.A. et al., 1991, Climate Change and En-
ergy Scenarios in Asia—Pacific Developing Countries, in Fnergy, spe-
cial issue on Energy Policies and Global Climate Change, S.S. Pen-
ner and T.A. Siddiqi, eds., 16:1467-1488.
Scenario referred to as “Business as Usual”.
Low Scenario: Reference same as above, except scenario used is the
one labeled “Energy Efficiency + Fuel Switching”.

Japan:
High Scenario: Kibune, H., 1992, Japan’s Energy Supply-Demand
Outlook for the 21st Century, in Fnergy in Japan, (114): 31-54.
Scenario referred to as “Trend Case”.
Low Scenario: Reference same as above, except scenario used is the
one labeled “Government Outlook”.

Germany:
High Scenario: German Bundestag, ed., 1991, Protecting the Farth,
a Status Report with Recommendations for A New Energy Policy,
2 vols. Bonn: Referat Offentlichkeitsarbeit, Deutscher Bundestag.
Scenario using “Energy Policy” reduction criteria, but promoting
use of hard coal, lignite, and natural gas imports.
Low Scenario: Reference same as above, except scenario used is the
one labeled “Energy Policy” reduction.



Discussion 71

India:
High Scenario: Siddiqi, T.A. et al., 1991, Climate Change and En-
ergy Scenarios in Asia-Pacific Developing Countries, in Fnergy, Spe-
cial Issue on Fnergy Policies and Global Climate Change, S.S. Pen-
ner and T.A. Siddiqi, eds., 16:1467-1488.
Scenario referred to as “Business as Usual”.
Low Scenario: Reference same as above, except scenario used is the
one labeled “Energy Efficiency + Fuel Switching”.






Discussion

Clas-Otto Wene

I would like to comment on the option of energy efficiency in a “no
regrets” strategy to manage the risk of a climate change. Is energy
efficiency, especially on the demand side, a viable component of
such a strategy? If so, how much can we trust improved energy
efficiency to mitigate CO; emissions? Do we already know enough
to recommend policy implementation?

1 Top Down

A “top down” analysis indicates that the energy intensity of GDP
has decreased in the industrialized countries both in the long per-
spective and in the short perspective (see Figures 3.7 and 3.8 in
Professor Umberto Colombo’s paper). Before this analysis is car-
ried over to the LDCs, Eastern Europe and the CIS one has to
understand more about what is driving these changes. How much
is due to supply side changes: fuel switching, improved and new
supply technology? How much is due to demand side changes: im-
proved and new demand technology, dematerialization of society?
How do the two sides interact? For instance, since 1900, electricity
generating efficiency has improved substantially. Cheap and abun-
dant electricity has made it possible to design smart and efficient
demand technologies. Comparative studies might be helpful in an-
swering the question of whether the energy intensity over time will
show the same behavior in LDCs as in the industrialized countries.
It would be very interesting, for instance, to compare the ongoing
electrification in an LDC with the corresponding historical period
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in an industrialized country. A project involving such a compari-
son between Ecuador and Sweden is currently planned (Maldonado,
private communication).

Is the decrease in energy intensity between 1970 and 1990 due
to autonomous conservation or is it the result of price effects? The
analysis of MacKillop (1990), seems to indicate that there is an ad-
justment followed by a complete relinking between energy growth
and GDP growth after each of the two oil price shocks in the 70s.
This suggests that the decrease is mainly a price effect. For the
short perspective, 5-10 years, the top down analysis indicates that
considerable price increases are necessary to reduce the energy in-
tensity of the GDP. However, such price increases do not seem
consistent with a no regret strategy.

2 Bottom Up

The “bottom up” approach to energy conservation involves detailed
calculation of engineering costs for different conservation measures.
These estimates seem to indicate a large potential for conserva-
tion measures, cost-efficient already with today’s prices. Figure I
shows calculations for electricity conservation for the community of
Goteborg with 430,000 inhabitants (Bjorkqvist and Wene, 1992).
With a real discount rate of 5% and at present prices, it would be
cost-efficient to reduce the electricity demand by 25-30%. There
are many attempts to explain why such a reduction is not observed
in the real world. One is already suggested by Figure 1: the con-
sumer tends to act as if he had a large discount rate. If he has
a 25% discount rate, cost-efficient savings would be 5-7%, hardly
visible above the noise level. Another explanation would be if there
are other major costs not captured by the engineering calculations:
costs for collecting information and costs for deliberations and risk
assessments. As electricity conservation is the result of many small
decisions by many consumers, these non-engineering costs may be a
considerable part of the total costs. Both curves in Figure 1 would
then rise more steeply, leading to lower levels of cost-efficient con-
servation. Studies of non-engineering costs for the consumer are
under way.
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Figure 1. Supply curve for electricity conservation in Géteborg.

What conclusions can be drawn about the realization of esti-
mated savings potentials from earlier conservation programs? In
1978 the Swedish Government started a major program for energy
savings in existing buildings. In contrast to many of the electricity
conservation options, this program could be targeted to relatively
few, well-identified actors, and the effects of the technical measures
for each object were substantial. An assessment of the effectiveness
of this program indicates that up to 50% of the goals were achieved.
This is an interesting benchmark for ambitious heat conservation
programs. But conserving electricity is a more complicated task.
How far can we rely on the success of an electricity conservation
program?
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Figure 2. Decision tree for the Swedish energy system.

3 Minimum Regret

The reliability of the energy efficiency option in a no regret strategy
has still to be proven. The previous discussion shows some of the
reasons for this negative assessment. The possibility of rebound or
“take-back” effects (Brookes, 1992; Frey and Labay, 1988) present
other arguments. But the no regret strategy needs the energy efhi-
ciency option to show that it is possible to reduce CO, emissions at
no cost or even reduced total cost for the energy system. Without
a reliable energy efficiency option the no regret strategy becomes a
misnomer.

Until the reliability of energy efficiency is proven it seems more
correct to speak about “minimum regret” strategies. Figure 2 il-
lustrates a decision tree for the Swedish energy system (Larsson, in
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press). It includes a successful retrofit program in existing build-
ings, but no other “negative-cost” savings. CO; mitigation will have
to rely on measures on the supply side: renewable energies, nuclear
energy, fuel switching and improved efficiency for fossil fuel technol-
ogy. Following a “no hedging”, i.e., “business as usual”, strategy,
the regret may be as high as 193 BSEK (35 BUSD). Committing the
energy system to constrained CO, emissions, but with the option
to return to an unconstrained case, reduces the maximum possible
regret to 8 BSEK. Applying a minimax regret criterion we see that
a hedging strategy should be followed, because the maximum pos-
sible regret in this case is only 6 BSEK. Hedging implies a strategy
where the energy system is allowed to develop as in the no hedging
case, but detailed preparations are made for a swift implementation
of CO, constraints. Note that commitment with constrained emis-
sions cost 180 BSEK more than the no hedging with unconstrained
emissions. This is far from a no regret situation.
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Rapporteur’s Report

Arnulf Grubler

Three (to an extent interrelated) issues were raised in the discussion
of Professor Umberto Colombo’s paper.

1. The role of markets and of market signals in promotion or as a
potential barrier for energy efficiency improvements.

2. The social dimension of “no-regrets” options (like efficiency im-
provements) for mitigating adverse environmental impacts of
energy production and use, in particular possible feedbacks and
trade-offs.

3. On a more general line, the issues of how to define sustainable
development of the energy system, and how such concepts could
be integrated into prevailing economic thinking were also put
forward for discussion.

1 The Role of Markets and Market Signals

There are no free markets in energy. Supply cartels and monopolies,
(both at the producers’ as well as the final distribution side), tax-
ation, and subsidies to different branches of the energy production
and consuming sectors exist in energy markets not only in reforming
and developing economies, but also in “market” economies. The
current market signals (low prices) as well as a more than com-
fortable resource situation provide incentives to consume energy,
eventually to waste it. In addition, low energy prices can make the
introduction of energy technologies at both the supply and end-use
sides more difficult, whether one deals with demand-side manage-
ment and conservation programs, solar energy, or a return of a new,
safe generation of nuclear energy.
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From an environmental perspective, however, one would pre-
fer resource inputs like energy to be minimized per unit of output.
Improved energy efficiency and resulting lower energy intensity is
consequently seen as a central element of “no-regrets” precaution-
ary strategies until scientific uncertainties with respect to global
environmental change are reduced. As pointed out by discussant
Clas-Otto Wene it may be more correct to speak of “minimum re-
gret” strategies for the management of the risks of adverse global
environmental change. An interesting “decision tree” analysis was
presented by Wene offering the conclusion that an optimal hedging
strategy at this point in time might particularly invest into R&D
of possible response strategies and their detailed techno-economic
assessments.

It was also pointed out that it is not clear yet analytically to
what extent the impressive energy efficiency improvements achieved
over the past 20 years are an intrinsic element of the overall “de-
materialization” tendency of advanced industrial economies, or
whether efliciency improvements are results of price induced con-
servation only. Furthermore, the relative influence of supply and
demand and especially the interactions between the two in efficiency
improvements need to be better understood in order to devise ro-
bust and effective policies for energy efficiency improvements.

Implementation of policies is a crucial issue. Significant im-
provements in energy efficiency cannot be expected to happen au-
tonomously, instead they represent a tremendous task, e.g., in the
reforming economies of Central and Eastern Europe. In this sense
there is no “free lunch”. Indeed, some have argued that the task
ahead is even more burdensome. With most energy scenarios pro-
jecting a doubling of global energy consumption over the next cou-
ple of decades, and some CO; reduction scenarios calling for a 50
percent reduction of current emission levels, a factor four improve-
ment in energy productivity ought to be achieved, clearly beyond
the scope of “minimum” regret strategies or (incremental) energy
efficiency improvements alone.

If not realized efficiency improvement potentials indicate mar-
ket failure, some economists questioned why such market failures
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should be corrected for energy in particular. In addition, other re-
source inputs such as capital, labor, etc., may not be used most
efficiently. Therefore, important trade-offs might be involved be-
tween efforts (costs) and policies geared toward improvements in
the efficiency of utilization between different factor inputs. Such
arguments raise, also, the more general issue of how to allocate
limited resources to a multitude of burning issues facing humanity.
Energy and possible global climate change are also currently at the
center of attention in the communities of the analysts’ and policy
makers and, even of the public at large. Attention, analytical capa-
bility and policy initiatives have also to be devoted to other issues.
These should certainly include the question, “What are effective
development strategies for the South beyond the dimension of their
environmental sustainability?”

2 Social Dimensions of Mitigation Options

Efficiency improvements or, more precisely, the lack of them point
to important social forces and feedbacks at play. First, it was
pointed out that consumers base their decisions on a much wider
concept of costs than direct investment and operating costs, typi-
cally the subject of engineering-type studies. Costs also include in-
formation acquisition and decision costs. A wide gap opens between
conservation potentials identified in detailed bottom-up studies and
the actual potentials realized by consumer decisions, interpreted,
in economic terms, as the difference between social and individual
discount rates. Thus, we have to acknowledge a wide gap between
societal and individual objectives.

Even in cases where efliciency improvement investments have
been implemented, changes in consumers’ behavior, i.e., how the
more energy efficient technology or equipment is used, have taken
place. With reduced “conservation pressure” less concern is placed
on the usage pattern of the artifacts, leading in turn again to dete-
riorating efficiency. As an example of such a feedback mechanism it
was mentioned that buying an energy efficient car can lead to driv-
ing it more. It was argued that such social feedback mechanisms
are the essence of why theoretical conservation potentials may not
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turn out to be realizable. Understanding better from an analytical
viewpoint such social feedbacks and gaining a better understanding
of how consumers perceive the total costs of different options, in-
cluding transaction costs, was concluded to represent an important
future research direction.

Discussant Toufiq Siddiqi pointed out yet another important
social dimension of global change mitigation strategies: their dis-
tributional consequences. Equity issues are not only involved be-
tween different countries or between different generations, past, cur-
rent and future, but also within countries and generations. Siddiqi
pointed out that, for instance, per capita resource usage within
countries can vary up to factors of ten, being of similar order of
magnitude as the disparity between the most and least affluent
societies. Therefore, the issue of “no-regrets” for whom begs atten-
tion. As a conclusion for analysis, a general move from aggregate
to more specific models was suggested.

3 Sustainable Development: Definitional
Needs and Moral Issues

Perhaps the most controversial issue that emerged out of the dis-
cussion dealt with the definition and operationalization of the fre-
quently too loosely used concept of “sustainability”. One extreme
view called the sustainability concept both morally repugnant and
inherently undefinable. This because evaluation criteria between
different actions such as a particular development project and the
conservation of a species are considered impossible to define, and
the trade-offs between different actions unknown.

On the other hand, it was argued that even economists acknowl-
edge that market discount rates do not work in questions of inter-
generational transfers. Perhaps therefore, to put it in Umberto
Colombo’s words, the ethical discussion overshadows the market
discussion. Ethical questions and moral judgements need to be
made explicit, for instance, what kind of environment with what ir-
reversible changes we pass on to future generations, but also what



Rapporteur’s Report 83

kinds of knowledge and resources are transferred to future gen-
erations who must eventually cope with (solve, or adapt to) the
problems inherited.

“Sustainability” also does not necessarily always imply the con-
serving of depletable resources for the future. Resources are, in
principle, finite (although with an unknown physical or economic
time horizon), but frequently they are also replaceable. Therefore
conservation efforts to spread the lifetime of a resource base can
“buy” time to develop substitutes. Perhaps this might be a prag-
matic definition of “sustainability”, quite consistent with economic
concepts such as “no-regrets” strategies. Sustainable development
paths are those which develop and maintain humankind’s capability
to adapt to changing boundary conditions, and enhance its respon-
siveness and the range of options available for such adaptation.

Examples in the energy area mentioned to substitute fossil fu-
els might be renewables, nuclear fusion, or in the very long-term
even matter—antimatter. These are options which could sustain the
energy needs of whatever level of global population will materialize
over the next 100 to 200 years.






PART III

Present Trends Give
Cause for the Most
Serious Concern






4. Environmental Aspects of the
Transformation of Centrally
Planned Economies
Gueorgui S.Golitsyn

Discussions and comments by:

Professor Siro Lombardini
Italian Society of Economists, Chiesi (TO), Italy

Dr. Lea Kauppi
Water and Environment Research Institute,
Helsinki, Finland

The Environmental Situation in Lithuania during
the Transformation of Eastern Europe

Professor Leonardas Kairiukstis

Lithuanian Forest Research Institute,

Kaunas, Lithuania

91

93

97






Foreword

Georgi Golitsyn gives a somber account of the residue left over from
Communist rule in the ex-Soviet Union and in Eastern Europe. In
the phase of transition to a market economy the numerous problems
were quickly uncovered, but their solution is going to be slow.

A part of what brought the condition about was the extreme
monopoly — for many commodities a single vast plant provided the
needs of the entire Soviet Union. A demoralized labor force was not
suited to that wholehearted intricate working together that modern
production requires. In the pressure to achieve an adequate supply
of goods, other considerations, and in particular those concerned
with the environment, went by the board. And when there was but
a single plant making a given machine part or other vital necessity,
that plant just had to be kept going, irrespective of the quality of
its product, or the damage it was wreaking. There has been much
literature on multi-objective optimization, but in practice it seems
difficult for managers to take more than one objective seriously
when there is no pressure from the market to do so. The managers
of the plants were rated on their recorded achievement of purely
quantitative targets, and there was no corresponding bookkeeping
for incidental conditions. Whatever the reason, it seemed impossi-
ble for the system effectively to embrace multiple objectives: safety,
quality, environmental protection.

Part of the trouble was that in the Cold War goods for civilian
consumption had to yield priority to military goods. Though the
capital collected in what amounted to state taxes was considerable,
there was a chronic shortage of capital in the civilian economy, and
machinery was used two to three times as long as in the industrial
countries of the West. With out-of-date equipment and undisci-
plined workers accidents in the workplace could be expected, and
in fact they were frequent.
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Golitsyn gives much attention to air pollution, that was in-
evitable in early stages of production, but could have been allevi-
ated with modern methods. Many water reservoirs are in a state of
eutrophication. There are far too many cases of soil degradation,
deforestation, desertification, extinction of species. These side ef-
fects of production are not specific to Communism, but apparently
it handled them less well than it might have. Man-made construc-
tion on a very large scale has been undertaken — the Aral Sea cot-
ton development, the Leningrad Dam, nuclear power installations -
without thought of their effect on the environment, that has turned
out to be seriously adverse.

Poor management in warehousing and transport shows itself in
the loss of product, especially in the food sector. One study showed
40 percent of eggs and 15 percent of fish lost between the farm or
the harbor and the consumer. Much of what was delivered to the
stores was in poor condition.

In this thorough and detailed evaluation of the condition of
ex-communist states many other environmental problems and ex-
amples of waste are referred to. Golitsyn points out good reasons to
deplore these. Inequity in the use of resources between North and
South is exacerbated by wasteful practices in the North. These are
not entirely absent by any means in the United States and Europe
but those in the ex-Soviet Union were evidently more serious.

On a more general level, some of the limits of worldwide devel-
opment are evoked by Golitsyn, and he ends with the basic query
“To what extent should natural resources be expended on behalf
of people in different places, in the north or south, east or west?”
There has to be sharing; how should it be arranged? Interpreting
natural resources in the broadest way, to include soils and the ca-
pacity of the atmosphere to absorb emissions without intolerable
heating, some of what the North spends will not be available for
the South, and some of what the world as a whole now spends will
not be available to its grandchildren. Although for science to tell
us the risks we run is far from adequate, the threat is there, and if
the wider issue is not on the minds of people everywhere, it is not
many years until it will be.

Committee for ITASA ’92



Discussion

Siro Lombardini

As Professor Georgi S. Golitsyn has pointed out, the prospects for
improving the environment during the next years may be good due
to the decline of production. But that is not a sign of a positive
evolution: it may be a premise for the further fast deterioration of
ecological situations in the years to come.

To assess the long-term prospects, two initial considerations
may help.

1. It is not true that one must always avoid pollution. There are
technologies that by transforming polluting materials into sec-
ondary commodities may help achieve the goal of preserving the
environment without cost. Whether these technologies will be
adopted or not depends on the attention given to environmental
problems.

2. The main factors accounting for environmental deterioration are
the rate of growth of the population and “way of life”. The first
factor is relevant when dealing with Third World countries. The
greatest danger for the environment in the Eastern European
countries, moving from a command to a market economy, is
the way of life that is likely to be stimulated by the transition
process (think of the role of the car).

Two auxiliary considerations may hclp.

e There are different market economies. The Japanese market
economy is quite different from that of the USA. The differences
are mostly in the role of the financial sectors, in the State-firm
relationship, in the institutional rules and praxis governing the
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games among firms. Some market economies are more favorable
than others for implementing environmental policies.

o The first push for economic development does not come from
the market (think of the US government’s programs for military
defense and space exploration that have contributed to techno-
logical development of key sectors of the economy). Then we
must think of the objectives pursued by State policy. Why is
environmental protection not a relevant objective in any State
policy?

These considerations do not encourage optimism in assessing
the prospects for improving the environment in the Eastern Furo-
pean countries.

1. They have accepted an ideological view of the market economy
that does not allow for a proper consideration of the problems
involved.

2. The Western countries - as well as the international institutions
— do not help in improving the orientation of economic policy
towards the goal of environmental protection. (It is certainly
not sufficient to require the usual assessment of the environmen-
tal consequences of the programs to be financed. To face the
environmental problems we need an appropriate general policy.)

3. It is precisely because of the economic crisis that the envi-
ronmental requirements are likely to be practically ignored.
Yet, the rebuilding of many industrial sectors could offer a
unique opportunity to enhance an environmental policy. Golit-
syn’s remarks on the environmental deterioration after pere-
strotka (that has, however, contributed to the opening up of
new prospects from Eastern European countries and for the
world in general) are illuminating.
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Lea Kauppi

There are several features in the political system of the former
Soviet Union and other Eastern European countries which led to
the present, and in many regions disastrous, state of the environ-
ment. Only by recognizing these facts and analyzing how they have
changed or will change in the new situation can we try to describe
the future.

1 Recognition of Environmental Problems

As the political system was considered ideal, consequently it could
not cause environmental problems. Officially this opinion was valid
for a very long time. This official neglect of the problems had many
serious effects: monitoring of the state of the environment was not
considered important and thus pollution could continue for a long
period of time without any measures taken to prevent it. Still today,
it is difficult to get a reliable picture of the present state. This has
now led even to the overestimation of environmental problems in
some cases in order to get more economic aid.

At the same time, environmental standards were, at least in
some cases, unrealistically strict. For example, in the 1970s the
Finnish water authorities had difficulty explaining to their Soviet
colleagues that the color of the water in some virgin rivers flowing
from Finland to the Soviet Union was caused by natural humus
content. At the same time, the loading from Leningrad reported
officially to the Baltic Sea Commission was heavily underestimated.
The same was true for emissions from the smelters in the Kola
Peninsula.
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Today, the problem is not any more the neglect of problems,
but still it can be seen that official statements and reality do not
always meet. Recently Russia signed an agreement with Finland
on environmental protection. According to the agreement a 90%
reduction of phosphorus should be implemented in the sewage treat-
ment plants of St. Petersburg in 5 years, which can be considered
clearly unrealistic.

2 Responsibility

In the old system individuals had no responsibility. Since only the
central administration was officially responsible, in reality, nobody
took the responsibility. This cannot be changed in one night, but
needs a lot of education at all levels. This may turn out to be
a crucial question when implementing pollution control measures.
The responsibility for the environment has to be understood as
an integral part of all productive activity. One has to make sure
that correct parameters are used for measuring productivity, i.e.,
the amount of products, not the amount of raw materials used.
Improved efficiency means smaller losses to the environment as well.

3 Scales

One question is the scale of production. It seems that production
on a very large scale is neither efficient nor environmentally sound.
This is particularly true for agriculture where industrial produc-
tion units have caused serious environmental pollution. However,
in farms which aim at high productivity the losses have to be min-
imized. This means that nothing is considered as waste, but as a
valuable resource.

4 The Future?

In the industrial sector aiming at higher productivity is often also
positive for the environment. In a modern production system en-
vironmental protection is part of it. The best way is to prevent
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pollution generation in advance, although external measures are
also needed. The main problems in industry are economical: where
to get money for modernization. The modernization alone is not,
however, enough. Just as important is proper management. If
maintenance is not taken care of, modern factories can pollute the
environment as well as the old ones.

In agriculture big structural changes are needed. The main
trend should be the splitting of the huge industrial units into family
farms, which cannot afford to waste manure, fertilizers or pesticides.

Private households, particularly in urban areas, may turn out to
cause increasing environmental problems. The higher the material
standard of living the higher the stress to the environment. Energy
consumption and waste production, as well as traffic, increases.
Particularly if this happens in a relatively short time, development
gets out of control.

Common to all sectors is the importance of true responsibility
at all levels.






The Environmental Situation
in Lithuania during the
Transformation of

Eastern Europe

Leonardas Kairiukstis

1 Introduction

Environmental development history in Baltic countries during the
late millennia can be characterized as colonization of woody land,
decrease in forest cover, reclamation of landscape, increase in hu-
man population and agricultural industrial development. As far as
it concerns Lithuania, the decrease in forest cover was estimated
to have fallen from 54% (in the 13th century) to 19% (1950) (Fig-
ure 1). Therefore the long history until the second World War has
still left quite a good, but rather fragile, environmental situation
in Lithuania. Small industrial and agricultural development up to
that time did not cause any remarkable environmental damage.
The annexation of Baltic countries in 1940 and, according to
the Molotov-Ribentrops pact, incorporation in the former Soviet
Union, as well as destruction during World War II, has completely
changed the situation. In the late fifties Lithuania began to fol-
low the development path of the Soviet Union. It was the path
of industrialization. In the small area (65.2 th. km?) of densely
populated (3.6 mill.) Lithuania several gigantic industrial plants
such as the Mazeikiai oil refinery, Akmene cement factory, Jon-
ava and Kedainiai nitrogen fertilizer factory and finally the largest
nuclear power station in Furope, Ignalina, were set up without
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Figure 1. Diagram of landscape transformations in Lithuania (af-
ter Matulionis and Jankauskas with additions up to the year 2000).

proper ecological expertise (Figure 2). Among the other negative
factors which also damaged environmental sustainability were irra-
tional and unbalanced use of natural resources (building materials,
peat, etc.) and overconcentrated agricultural activities with super-
gigantic farms.

Technological colonization and the structural inadaptability of
the economy to local demands, the Western market and the environ-
ment were peculiarities of the former totalitarian state which had
and still have very grave consequences for the economy and the en-
vironment of Lithuania. The economy during the transition period
has fallen into deep crisis. Over the last three years since Lithua-
nia gained independence and step by step started to transform its
so-called centrally planned economic system to a market system,
economic decrease comprised 50% of the total national product. In
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agriculture the situation is alarming. In 1992 the prices and tar-
iffs of consumer goods and services increased 13 times. The prices
of food products increased 14 times, whilst the average monthly
wage grew by a factor of 4. At the end of 1992 nearly 70% of
all expenses were assigned for food. The renewal of technologi-
cal processes nearly stopped, resulting in bad consequences for the
environment.

Taking into consideration the situation above, Lithuanian sci-
entists had been and are making some efforts to ensure ecological
sustainability on a regional level (Kairiukstis, 1982, 1992). Using
the main conceptual approaches worked out by W.I. Vernadsky
(1926), the current UNESCO Program “Man and the Biosphere”
and the State project “Ecological Sustainability of Regional De-
velopment”, the dynamic territorial restructuring of anthropogenic
activities in Lithuania are devoted to:

e Ensuring life support and well-being compatible with environ-
mental protection.

e Neutralizing unwanted pollution and negative influences result-
ing from other noospheric disturbances.

e Stabilizing conditions for biota and providing spatial self-
induced high productivity.

In this effort we experienced great methodological help from
the International Institute for Applied Systems Analysis (IIASA),
which launched a large program on ecological sustainability of the
biosphere (Clark and Munn, 1986) and also from many other inter-
national programs (see Fritz, 1990).

Unfortunately, in practice, for sound environment management
too little has been done, including in Lithuania. Therefore, in fact,
environmental toxicosis has been aggravated. Environmental as-
sessment has become one of the main tasks for scientists.

2 The Current Situation of the Environment

The current state of the environment in the Baltic region can be
described by some “threats” characteristic to the whole European
continent, namely:
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atmospheric pollution;

acidification of water, soil and forest;

nitrogen leaching as a result of agricultural practices;
destruction of agricultural soil and food production potential
due to chemical toxicants and erosion;

decrease in biological diversity;

long-term climatic changes and global warming.

In this report I would like to focus attention on several main
stressors threatening human health and biological systems.

2.1 Atmospheric pollution

In the Baltic region there are widespread atmospheric pollutants
such as CO, SO,, C,Hy4, NO,, HF . HC dust and O3. Emissions from
local pollution sources contain approximately 11.36 t/km? of pol-
lutants per year in the East Baltic region. According to Amann
(ITASA, 1990) the total sulphur and nitrogen deposition in the
Baltic region exceeds the critical loads from 1-2 to 20-50 times.

Detailed investigation of pollutant sources and the state of pol-
lution in Lithuania have revealed the following:

e There are about two thousand local pollutant sources, among
them the 10 largest industrial enterprises which yearly emit
more than 1 million tons of different kinds of pollutants (443
th. t CO; 188 th. t SOg; 112 th. t C,Hy; 65 th. t NOy; 122 th. t
of other pollutants). About half the pollutants are emitted by
traffic (78% CO, 67% C,Hy, 32% NO, as a percentage of the
total amount).

e To the greenhouse effect Lithuania contributes 0.16%. Emis-
sions from pollution sources in Lithuania make up approxi-
mately 15.4 t/km? yearly. Additional input of pollutants from
transboundary sources as calculated from the RAINS model
constructed at IIASA (Hordijk, 1987) contains about 1/3 of
the amount mentioned above.

e The concentration of pollutant ingredients (mg/m?) in the at-
mosphere of the main industrial towns of Lithuania (Vilnius,
Kaunas, Klaipeda, Shiauliai, Kedainiai, Jonava) were estimated
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(in 1984-1990) as follows: dust averages 0.1-0.3, and its maxi-
mum amount is 1.9; SO, — 0.01 and 0.2; CO - 2-1 and 22; NO,
- 0.02-0.08 and 0.88; NO - 0.02-0.07; phenol — 0.001 and 0.023;
formaldehyde — 0.003-0.018 and 0.111; benzpyrene — 0.2-10.0
and 29 mg/m?, respectively ( Table 1).

e The mean annual dust concentration in many towns does
not exceed the maximal allowable concentration (MAC). In
Kedainiai and Shiauliai only, it exceeds MAC by 2 and 3.3
times or comprises 13 and 38% of the air samples investigated,
respectively.

e The mean annual nitrogen dioxide concentration exceeds MAC
in Kaunas by 1.5 times, in Shiauliai by 1.8, and in other towns
was lower than MAC. Maximal NO, concentration in Vilnius
was 5.3, in other towns it was between 2.6 and 4.6 times higher
than MAC. Concentrations higher than MAC were recorded in:
Shiauliai — 33%; Kaunas — 21%; Vilnius - 10%; Kedainiai and
Klaipeda — 7%; in Jonava 6% of the air samples investigated
were higher.

e The recurrent SO, concentration exceeding MAC in Kaunas
comprised 15%, Shiauliai and Jonava - 14%, Vilnius and
Klaipeda — 5%, Kedainiai 3% of the air samples investigated.

Benzpyrene is one of the most toxic admixtures in the air.
Its mean annual concentration in Shiauliai exceeded MAC by
1.8 and in Jonava by 1.1 times. The highest benzpyrene concen-
tration in Kaunas was 9, Shiauliai - 5.8, Jonava — 3.6, Klaipeda
— 1.6 and in Vilnius — 1.3 times more than MAC.

The mean annual concentration of other specific atmo-
spheric pollutants (fluorine hydrogen, formaldehyde, phenol) in
towns did not exceed MAC. Occasionally, however, the maxi-
mal fluorine hydrogen concentration in Jonava was higher than
MAC by a factor of 2.6 and the maximal amount of formalde-
hyde in Vilnius by a factor of 2 MAC.

A complex index of air pollution was estimated for each
main town. It was determined that the worst situation (in
1990) was in Shiauliai, whereas in Kedainiai and Vilnius it was
slightly better.
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According to the absorption method in the forest environ-
ment of Lithuania (samples collected on a screen of 32 Rm x
32 km), the amount of SO, was 1.70 mg/m? per day on average
and that of NO, was —43.2 micro gr/m? per day. However, in
about 10-20% of the forests the concentration of SO, was 3-6
mg/m? per day and that of NO, 100-130 micro gr/m? per day.

e Nuclear radioactivity in the forest environment (after the Cher-
nobyl accident), estimated according to caesium Cs137, can be
characterized as follows: 6-3 th. Bqu/kg of the forest litter in
the west, 3-1 th. in the southeast, and < 500-200 Bqu/kg of
the litter in east Lithuania.

2.2 Water pollution

Along the surface of the territory of Lithuania about 4075 million
m® (in 1989) of water flow. Of it 450 million m® of water are
polluted. Purified water corresponding to the standards makes up
25.4%, insufficiently purified forms, 46.9%, and impure water forms,
27.6% of the flowing water. In addition, 44 million m® of impure
water flow to filtration fields or are applied to irrigation. Only in
Vilnius and Kaunas is the polluted water let out and comprises
40% of the polluted flowing water (data from the Department of
Environmental Protection). The surface water is contaminated by
the following substances resulting from the flowing water (figures

are for 1989):

Organic substances according to BDS - 64,110 tons.
Suspended substances — 47,900 tons.

Oil products — 540 tons.

Mineral nitrogen — 7,770 tons.

Mineral phosphorus — 881 tons.

Iron — 464 tons.

Copper - 32 tons.

Zinc - 87 tons.

Nickel — 34 tons.

Chromium - 51 tons.

The quality of the surface water estimated according to the data
obtained in 1987-1989 from 83 water quality observation points
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in 54 rivers, 5 lakes, and 2 water reservoirs is described by the
following.

Water quality observation points in which a normal regime of
oxygen was recorded constituted 76% of all observation points:
in the Nemunas, Shventoji, Merkys, Zeimena, Dubysa, Minija
and in some lakes. The observation points in rivers in which
oxygen concentration was diminished comprised 14% of all ob-
servation points (the Musha, Obele, Levuo, Shushve) while
those in which oxygen concentration was less than 6 mg/dm?
(the rate for water in which fishing is allowed) amounted to 6%
(the Lankesa, Laukupe, Musha, Daugvene). An insignificant
amount of oxygen (only 1.0-3.0 mg/cm?) is found in the Kulpe
and Sidabra. In the water layers near the bottom of the Kau-
nas sea oxygen concentration in the summer months decreases
to 1.5-3 mg/dm?3.

Observation points in lakes and rivers where the concentra-

tion (according to BDSs) of readily oxidized organic substances
is less than MAC (2 mg O,/dm? is the rate for water in which
fishing is allowed) make up 7.5% of all observation points: in the
lakes of Lukstas, Tauragnas, Baluoshas and in the Zheimena,
Minchia, Upyte. Water polluted by organic substances 1 to 2
times higher than MAC makes up 60%; that which is from 2
to 3 times higher than MAC - 21%; 3 to 6 times MAC — 10%
and 35 to 50 times or 70 to 100 mg O,/dm> — 3%. It occurs in
small rivers such as the Kulpe, Sidabra, Obele and Tatula.
Ammonium ions and nitrite concentration in the Nemunas is
1.5 to 2 times MAC, and in the Neris, Musha, and Sheshupe
exceeds MAC by a factor of 7 to 10. In the middle-sized rivers
and in small ones where the anthropogenic effect is insignificant
ammonium and nitrite concentration in the water exceeds MAC
by a factor of 1 to 2.
Oil product (aromatic hydrogen) concentration is frequently
less than 0.05 mg/dm? (I MAC); phenol — 0.001-0.003 mg/dm?
(1-3 MAC); detergents — up to 0.02 mg/dm?® (0.2 MAC). Cop-
per does not exceed 0.003 mg/dm?® (3 MAC); zinc - 0.004
mg/dm? (0.4 MAC); lead — 0.012-0.052 mg/dm? (up to 1.7
MAC).
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The concentration of chlororganic pesticides — DDT and its
metabolites — is 0-40 mg/dm? and that of hexachloricyclohexan
is 0-97 mg/dm?.

The most significant total pollution of flowing water by
heavy metals is in towns: Kaunas, Shiauliai and Panevezhys
(Krasilscikovas et al., 1988). In the Shiauliai, Panevezhys,
Alytus, Kedainiai, Kaunas and Vilnius regions well water is
contaminated by copper ions to the greatest extent while in
the Klaipeda, Pasvalys, Jonava, Vilkavishkis, Alytus, Shakiai,
Kedainiai, Panevezhys and in the Vilnius regions it is contami-
nated by zinc. In the Akmene and Mazheikiai regions the pol-
lution by Cr8t exceeds the rate from 1.5 to 1.9 times, in the
Skuodas region by 1.3 and in the Joniskis region by 1.2 times.
High Cr®* concentrations were detected in the Pasvalys, Birzai,
Ukmerge, Vilnius, Shvenchionys, Utena, Vilkavishkis and other
regions.

According to the hydrobiological indications (phytoplankton
and zooplankton, periphyton, zoobenthas) the surface water is
polluted moderately. In lakes and water reservoirs eutrophica-
tion is intensive. This process is particularly significant in the
lakes of Luksnenai, Simnas, Varenis, Mastis, Talsha and Shir-
vena. The concentration of biogenic substances and biomass
of phytoplankton in the water are considered to be the most
important indices of eutrophication. In accordance with these
concentrations the lakes of the Republic are divided into three
groups. The lakes affected insignificantly by anthropogenic ac-
tivity — Plateliai, Akmena, Lavysas, Germantas, Tauragnas,
Sventas, Ainis; the lakes affected moderately — Dringis, Pakasas,
Vilokshnis, Vievis, Zarasai, Galve; and those affected signifi-
cantly — Luksnenai, Simnas, Varenis, Mastis, Talsha, Shirvena.

All the water in the eastern part of the Baltic sea and Kurshiu

lagoon (according to the data of 59 hydrometeorological stations in

Lithuania) is well saturated with oxygen. In hollow parts deeper
than 100 m oxygen concentration decreases up to 1 mg/dm?, or is
absent. Hydrogen is found here, the concentration of which in the
central part of the sea and in the hollow parts of Gotland is 1.10-
2.30 mg/dm?® (1989). The water of the Kursiu lagoon and near the
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coasts of the sea is polluted by ammonium ions exceeding MAC
by 2.6 and 1.2 — 1.4 times, respectively, by nitrites exceeding MAC
by 8.8 and 2.5 times, and by phenol exceeding MAC by 12-13 and
5-6 times. The mean phenol concentration in the deposition of the
Kursiu lagoon is 3.6— 14.67 mg/kg while near the coast and in the
open sea it is 0.73-2.69 mg/kg.

The resources of the water reservoirs of Vilnius, Kaunas,
Klaipeda and other towns are supplied by infiltrated surface wa-
ter which is frequently polluted by organic substances and their
combinations, oil products, etc. In comparison with the water of
shaft wells, tap water is supplied by underground water of better
quality. The quantity of all standardized ingredients, except iron, is
less than the maximal allowable concentration (MAC). In the water
of shaft wells calcium (Ca) and magnesium (Mg) are in abundance.
Wells which have increased amounts of nitrites comprise 76% of all
shaft wells in the Republic.

2.3 Soil pollution

Due to limited forest cover (27.8%), there is about 42% of the ter-
ritory on which landscape resistance to chemical impact and ability
for self-purification are comparatively insignificant (Pauliukevicius,
1989). A total of 350-400 th. ha of land need anti-erosion mea-
sures. In accordance with the data of the Ministry of Agriculture
in Lithuania, approximately 4.06 kg/ha of pesticides are used, in-
cluding 2.7 kg/ha herbicides. Simazin residue concentration in soil
is about 0.01 mg/kg. The area in which the phytotoxic (PT) MAC
is exceeded by 1.5 times constitutes 14% of the area investigated.
In some regions maximal simazin residue concentration attains 45—
94 PT MAC in arable fields and 48-90 PT MAC in gardens. In the
Zarasai and Raseiniai regions the areas of cereal in which simazin
concentration exceeds MAC by 2 to 9 times makes up 28-80% of
the area investigated.

Along the highways polycyclic aromatic hydrogen and heavy
metals accumulate in the soil. In some areas the quantity of ben-
zpyrene exceeds MAC by 10-20 times. Lead amounts to 0.25
mg/kg. An increase in the quantities of Fe, Zn, Cu, Co and other
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metals has been detected. Acidification of rainfall causes consider-
able damage to water, soil and forests; the pH of precipitation from
the west sometimes amounts to 3.3—4.0.

2.4 The long-term ecological background
fluctuation and global warming

We have described above the main anthropogenic factors which
have determined the environmental situation in Lithuania. The
long-term ecological background deviations also have a noticeable
impact on ecological systems and the lives of living creatures, either
supportive or destructive.

Long-term tree-ring chronologies have shown that, in the Baltic
region as well as in the Northern hemisphere as a whole, there are
ecological background fluctuations of different duration which lead
to different current productivity and sustainability of ecosystems
(Kairiukstis and Dubinskaite, 1990). At this time, for example,
we have lower tree productivity in cycles of 172 to 185 years, as
well as 90-93, 58-62, and 46-53 year cycles. The average variables
of cycles at present are also below the baseline of long-term tree
growth. Let us consider these long-term cycles as they reflect the
current general unfavorable climatic background conditions of the
region under consideration. Short-term cycles (8 to 13, 20 to 25
years in duration) of growth processes, as well as forest decline
(probably) and poor human health attributed to air pollution, will
be revealed in the background of this unfavorable impact of long-
term cycles.

The ecological background for productivity and viability of
ecosystems, as seen in cyclic models, will remain lower in the fol-
lowing few decades. At the same time, following the cycles of short
duration which are very typical of the Baltic region, namely in 1989
and the year 2000, we are expecting, also, minimal tree increment
according to 11 and 22-year cycles, correspondingly.

The global warming process is also likely to decrease the sus-
tainability of ecosystems, accelerate invasion of pests and disease,
forest decline, etc. Most probably, changes in the composition of
species will first occur in mixed ecosystems, as far as they represent
transitional formations and their compositions are more dynamic.
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This may lead to the transference of the southern borderline to the
north for more species. In the southern part of the temperate zone,
for example, spruce stands will be deprived of their position not so
much due to the direct impact of climate changes, but as a result
of reduced phytocoenotic resistance in new conditions.

The data illustrated above allowed us to conclude that environ-
mental pollution in the East Baltic remains very severe. Actions
taken by several countries to combat acid rain and a few relevant in-
ternational agreements have proved to be very insufficient. Bearing
in mind additional stress factors, such as long-term ecological back-
ground changes and global warming, scientists predict that the last
decade of this century will witness a further aggravation of human
health, forest decline, and other negative processes in ecological
systems.

3 Indication of Current Environmental
Aggravation

3.1 How trees can tell us about chemical and
physical environmental stressors

It is a pity that not man, but trees have been among the first to tell
us about dangers to life due to chemical and physical environmental
changes. Forest die-off in Europe in the early 1980s was a trigger for
new approaches to combat environmental pollution and to organize
monitoring of forest decline and environment.

With the objective to estimate early indications of change in
tree growth attributed to air pollution and physical environmen-
tal changes, the Lithuanian Forest Research Institute investigated
physiological changes in cells and trees submitted to “stress” which
was caused by physical and chemical environmental changes oc-
curring due to atmospheric pollution. It was established that the
“stress” situation occurs instantly (¢;), within several hours, days
or months, and may be detected by biological, biochemical and en-
ergy changes in cells. The process of adaptation to stressors can
continue for a long time, several years (¢;) or even decades (¢3), and
lead to different consequences.
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Our investigation on receptive indications of a tree as a system
exposed to chemical stressors (Kairiukstis et al., 1987) showed the
following;:

e C(Changes in membrane permeability to potassium ions enable
the responses of trees to chemical impact to be observed 24
hours after the appearance of a stressor. Prediction of the quan-
titative changes in the structure of an organism as well as the
trend toward forest decline is feasible after three months.

e Due to prolene accumulation in needles it is possible to evaluate
qualitatively not only chemical stressors but the general state
of the environment and steady stress induced to trees by it.

e The bioelectric potential of cell membranes and electric con-
ductivity (active resistivity and polarization capacity) of the
living tissues of a tree sensitively reflect both the adverse and
affirmative impact of chemical substances in the environment.

e The mass of shoots with needles and that of needles are the most
sensitive indices characterizing the overall reaction of trees to
environmental change in the early stages.

e Finally, three dendrochronological methods for retrospective in-
dication of forest decline attributed to air pollution have also
been worked out. In the vicinity of local pollutant sources one
of these methods has been applied. In the case of background
pollution, including transboundary pollution sources, tree incre-
ment losses have been indicated by using harmonic analyses of
standard dendrochronologies or reconstructed increment curves
based on climatic indices.

The methods above were used in the monitoring of forest decline
and environmental assessment in Lithuania as well as in other East
Baltic countries during the years 1989-1992 on a screen of 4 km x
4 km.

The data on the regional monitoring have been obtained from
the assessment of crown defoliation and other morphological, phys-
iological and increment indices. These data disclose that due to
atmospheric pollution forest decline, to one extent or another, af-
fects 75.4% of all the forests in Lithuania (1991). It is found to
be 7% more than in 1990 (68.4%) and was 62% in 1989. Mod-

erately and severely damaged forests constitute 20.4%. Conifers
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Figure 3. Distribution of Lithuanian territory according to atmo-
spheric pollution and forest decline.

are damaged to the greatest extent: trees in which the impact of
unfavorable atmospheric pollution is noticeable comprise 73.7% of
all conifer trees, whereas the percentage in mature stands (aged 60
years) is 81.1%. Deciduous forests are the most resistant to air pol-
lution. The trees affected by a negative impact to varying extents
form only 49% of the total. The total data on forest damage sug-
gests that the ecological situation has not improved. This means
that the state of the environment did not improve either.

The greatest number of damaged trees is found in the Akmene
(95.2%), Shvenchionys (95%), Kretinga (94.7%), Ignalina (94%),
Utena (90.4%), and Shiauliai (89.6%) regions, while it is in the
Birzai, Pasvalys, Kupishkis, Rokishkis, Shilute and Zarasai regions.
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In accordance with several indices (crown defoliation, needle
age, atmospheric pollution), four zones of forests damaged most
severely (Figure 3) have been singled out:

1. Mazheikiai — Akmene, Shiauliai;

2. Klaipeda — Kretinga;

3. Zarasai — Utena, Ignalina — Moletai — Shvenchionys;

4. Vilkavishkis — Marijampole — Alytus - Lazdijai — Varena.

The best ecological situation remains in the zone of Birzhai-
Kupishkis-Rokishkis.

The dynamics of the ecological state over the last two years
were assessed by conditional scores. The areas where the state
did not change constituted 40% of all regions, those where the
state improved formed 20-25%, the regions where the state was ag-
gravated amounted to 30-35%. Essential aggravation of the state
of forests was observed in the Plunge, Telshiai, Ignalina, Kaishi-
adorys, Shakiai, Taurage, Shvenchionys and Shirvintos regions. In
the Kupishkis, Panevezhys and Shilute regions, improvement was
noted.

3.2 Threat of atmospheric pollution to human health

Pollution in the anthropogenic enivironment causes great danger for
the existence of the Lithuanian population and the Baltic tribes as
a whole. The threat moves slowly along two directions:

e First, it comes from the atomic power station in Ignalina. In
case of an accident like the Chernobyl disaster, the Baltic tribes,
and some of Urgo-Finns, Slavs in the south, Scandinavians, the
present Lithuania, Latvia, part of Estonia, Finland, Poland and
Sweden might disappear.

e Second, there is a threat of slow self-poisoning due to super-
intensive industrial development which is technically unpre-
pared and ecologically unbalanced. Air pollution is the con-
comitant of industrial development. Therefore, the towns of
Shiauliai, Klaipeda, Jonava, Mazeikiai, Akmene, Vilnius, Aly-
tus and districts, where currently over 1.3 million people live,
are in danger. Besides this, nearly 1 million people live in other
polluted zones in Lithuania.
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The most awful diseases, such as cancer among human beings
and animals, are associated with increasing amounts of polycyclic
aromatic hydrogen (PAH) and nitrozamin (NM) in the atmosphere
of the regions listed above. However, diseases are revealed very late
since the latent period of malignant tumors is 15-30 years (Griciute
et al., 1987).

In accordance with the data of the Oncological Institute, due to
atmospheric pollution the greatest morbidity of people with malig-
nant tumors is in the Kedainiai region. Women and men are ill with
lung cancer 2.4 and 1.9 times, respectively, more than the average,
throat cancer 1.8 and 2.4, lip cancer 3.1 and 1.5, myelio-leucosis
2.3 and 3.8 times more frequently than the average in the Repub-
lic. Lip cancer among men exceeds the average of the Republic
3.9 times. Children living in the zone of the factory in Kedainiai
inherit corporal defects: hemangioma dysplasia, syndactylism, etc.
A similar situation can be observed in Jonava. The morbidity of
people with tongue cancer exceeds the average of the Republic by
2.3-3.5 times, throat cancer by 2.6, cerebral cancer by 1.9, and
lymphogranuliomatosis by 4.6 times. Children’s morbidity due to
pneumonia, laryngitis and bronchitis is nearly 10 times greater in
the control zone (Murza and Juozukynas, 1989).

Due to the influence of emissions from the cement factory in
Akmene and thermal electric power in Elektrenai, maladies of the
respiratory organs are widespread. Children are i1ll with catarrh,
conjunctivitis, and dermatitis more frequently than in other regions.
Children’s abnormality is more frequent too.

Professor Trainys, having thoroughly investigated the morbidity
of domestic animals in the regions of heavy pollution, inferred that
increased amounts of heavy metals accumulate in the fodder. For
instance, in the Jonava region in the farms of Pauliukai, Neris, and
Upninkai, nickel exceeded MAC by 15 times in the fodder, milk
contained lead 2 at a level exceeding MAC by 2 times and in the
muscles of cattle the quantity of cadmium was 5 to 9 times larger
than MAC.

An increase in instances of chromosome aberration and sister
chromatide exchange in the cells of cattle was noted. Aberration
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per cell is observed 3.5 times more frequently. Because of signifi-
cant air pollution in the above farms, the total compulsory killing
of livestock exceeds analogical indices in farms where pollution is
slight (Kalnujai farm in the Raseiniai region).

This corroborates the inference (Kairiukstis, 1982) that in pol-
luted zones it is not expedient to grow crops used for food and
fodder, or develop cattle-breeding. On these areas technical crops
and forests should grow.

4 Measures for Environment Protection

In order to decrease the negative consequences for the environment
and human health caused by atmospheric pollution and climatic
change it is necessary to increase the effectiveness of environment-
protecting measures presented below, namely:

e To abate about 30% of the air pollution from local pollution
sources by reconstructing the energy industry and transporta-
tion sectors, implementing sound and more efficient technolo-
gies; to attain international agreement on repayment of trans-
boundary pollutants.

e To decrease by a factor of 2 the amount of pollutants getting
into open waters, to construct or reconstruct 21 purification
plants including large ones in Kaunas, and implement the re-
quirements of the Convention of the Baltic Sea Protection; non-
expansion of the capacity of the atomic power station in lg-
nalina and conservation of the first reactor.

e Toincrease forest areas by transforming non-forest land through
reforestation, which must be augmented by a factor of 2.
Wooded areas in the South-East Baltic regions should increase
2-3% and comprise 33% of the area.

e To create the Baltic shelter belts of protective forests across
Lithuania, Latvia and the Kaliningrad district of the Rus-
sian Federation; nature-conservation territories should make up
about 10-12% of the total land.

e To implement more environmentally oriented management and
public policy to create new quality standards, to introduce taxes
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for polluting the environment, to promote ecologically pure pro-
duction, to organize ecological monitoring for the whole basin
of the Baltic Sea by constantly observing air, water, soil pol-
lution, the state of human health, forest decline, and genetic
consequences.

Finally, one should stress the fact that the effect of emission
control is transboundary, but, notwithstanding the general princi-
pal of polluter pays (we have, for example, air pollution exchange
between East and West in a ratio 10 to 1), consideration should
be given to supporting constrained resources in East Baltic coun-
tries — Lithuania, Latvia, Estonia — through cost-sharing between
Scandinavian countries for their mutual benefit. Economic reces-
sion, which is taking place in all former socialist countries, will
also create some immediate improvement of the environment in the
Baltic region. However, looking at this process over a longer pe-
riod of time, we should realize that this is only a precondition for
environmental deterioration in the future.

References

Alcamo, J., Shaw, R., and Hordijk, L., eds., 1990, The Rains Model of
Acidification, Science and Strategies in Furope, Kluwer Academic
Publishers, Dordrecht, Boston, London.

Amann, M., 1990, Using critical loads as the basis for abatement strate-
gies in Furope, EB. AIR/W65/R.I, United Nations Economic Com-
mission for Europe, January 20.

Bartholin, T.S., 1978, Dendrochronology, Wood Anatomy and Land-
scape Development in South Sweden, in J. Fletcher, ed., Den-
drochronology in Furope, National Maritime Museum, Greenwich,
Archeological Series 4(2):125-130, Oxford University Press, UK.

Berglund, B.E., 1969, Vegetation and Human Influence in South Scan-
dinavia During Prehistoric Time, Otkos Suppl. 12:9-23.

Clark, W.C., and Munn, R.E., eds., 1986, Sustainable Development of
the Biosphere, Cambridge University Press, Cambridge, UK.

Ecological Sustainability of Lithuania (ECOSLIT), 1992, Annual Re-
port (abstract), International Center for Scientific Culture, WORLD
Laboratory Lithuanian Branch.



Environmental Situation in Lithuania 117

Fritz, J.-5., 1990, A Survey of Environmental Monitoring and Infor-
mation Management Programs of International Organizations, first
edition, 8042 Neuherberg b. Munchen.

Griciute, L., Dagiene, M., Shtripkuviene, N., and Gurevicius, R., 1987,
Impact on Human Health of Atmospheric Pollutions. First Aspects
of Prophylactic and Hygiene, Vilnius (in Lithuanian).

Hordijk, L., 1987, Integrated Assessment of Acid Deposition in Europe,
in L. Hordijk, ed., Report of the Second Task Force Meeting on Acid
Rain and Policy Analysis in Europe, 1{-18 April 1986, Interna-
tional Institute for Applied Systems Analysis, Laxenburg, Austria.

Kairiukstis, L. et al., 1987, Assessing Climatic and Atmospheric Chem-
istry Changes through the Study of Trees, Paper presented at the
ITASA Task Force Meeting on Impacts of Climate Changes and
Atmospheric Chemistry on Northern Forest Ecosystems and their
Boundaries, 3-7 August, 1987, International Institute for Applied
Systems Analysis, Laxenburg, Austria.

Kairiukstis, L.A., 1982, Environmental Optimization, Vilnius—Kaunas
(in Russian).

Kairiukstis, L., and Dubinskaite, J., 1990, Harmonic Analysis for Ecolog-
ical Prognoses, in E. Cook and L. Kairiukstis, eds., Methods of Den-
drochronology: Applications in the Environmental Sciences, Kluwer
Academic Publishers, Dordrecht, The Netherlands.

Krasilscikovas, A., Jatuliene, N., Taraskevicius, R., Barysiene, R., and
Michailenko, N., 1988, Environmental Situation and Illness of Chil-
dren in Great Industrial Centres, J. Svetkatos apsauga, 11:12-15 (in
Lithuanian).

Murza, V.A., Juozukynas, J., 1989, Sveikatos apsauga, 12:10-12.






5. Pluralism and Convergence in
International Science Policy
Sheila Jasanoff

Summary of Helga Nowotny’s discussion
on the above paper

Professor Nathan Keyfitz

ITASA

Rapporteur’s Report:

Dr. Rod Shaw

Stockholm Environment Institute,
Stockholm, Sweden

125

127






Foreword

Sheila Jasanoff is struck with the change in public attitudes to
science that we have witnessed in the last few decades. Where
once science seemed to offer truths beyond challenge and benefits
without drawbacks, now doubts arise on the one side from some
clear non-benefits like nuclear weapons and on the other side from
various well-publicized events showing that scientists are subject to
human failings. She refers to the change as the deconstruction of
scientific authority. The process is evidently part of a wider distrust
of institutions corresponding to our contentious modern world, but
in the case of science it contrasts sharply with the previous implicit
faith and acceptance.

One might have thought that science would be exempted from
this critical spirit that is applied everywhere, on the grounds that
its contributions have never been so great. It has supplied seem-
ingly miraculous solutions to so many problems, and in so many
distinct domains, that it ought to command respect as never be-
fore. Testimony to the persistence of an almost pathetic faith in
science is the frequent complaint that there are problems — AIDS is
most often cited — to which science has not provided an immediate
solution. Yet this dependence on science does not protect it from
public and political curiosity about its proceedings.

It is in accord with the new spirit that right-to-know laws are
introduced. Yet science is the one institution that has always made
openness a basic principle. Hostile to secrecy, its findings have
always been published and subjected to challenge; in this has lain
its strength. But with the increasing number of problems on which
technical consultation is necessary we pass into a new phase in
which the public will share not only in the published results of
scientific work but in the consultation process. Scientific advisory
committees are no longer to be allowed to deliberate in total privacy
or their conclusions given any special respect; their advice is to be
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treated on what the press consider its merits, just as any other
advice is.

Incidents that show the changed treatment of science occur
weekly. As this is written Science! carries an article on the inspec-
tions that the National Science Foundation has started to make,
under the title “NSF’s New Random Inspections Draw Fire”. The
inspections are intended to ensure that the funds allocated to par-
ticular institutions are being used properly, but in one case those
inspected were “disturbed by the breadth of the NSF team’s en-
quiries”. And Donna Shalala, Mr. Clinton’s Secretary of the De-
partment of Health and Human Services, responsible for another
major science funding agency, the National Institutes of Health,
complains:

not that [Congress] are not willing to put in money, but they
want to micro-manage that money.?

Scientists believe that the best results will be obtained if the
right people are supported financially, and then judged by what
they finally produce — without any intermediate requirements. That
is no longer good enough for funding institutions under the eye of
the legislature.

As an example of the problems with which international sci-
ence policy has to cope she cites the views of Third World sci-
entists and environmental activists on population and sustainable
development, and how these differ from views held in the North.
The North places far more emphasis on the control of population;
the Third World on equitable access to resources. We need more
knowledge on what will make development sustainable but in addi-
tion we must recognize that science alone has no way of resolving
the broad issue involved. In fact scientists differ among themselves
on the extent of the population and environment problems as well
as on their nature, and one hopes that these issues among scien-
tists will be resolved. But that is not sufficient, for values enter
here; needed also are “communal norms about what kind of world

! Science, Vol. 261, July 16, 1993.
ZMervis, J., 1993, Donna Shalala and the Future of NIH, Science, Vol. 26 (1), July
2, 1993.
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we want and how human beings should relate to the world’s other
living and non-living systems”.
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Summary of Helga Nowotny’s
Discussion

Nathan Keyfitz

Helga Nowotny summarizes some of the Jasanoff paper and in her
comments concentrates on the boundary between science and so-
ciety, no longer as sharply drawn as in the past. It once used to
be said that science would make its greatest contribution if society
interfered with it least. By trusting science and leaving it alone the
public is in the end better off. That view is rarely expressed to-
day. The demand is now for “public accountability of science and
technology”; “science has become much like other institutions in
modern society: in its organization and work setting, in its moral
standing and the norms held by its members, and in its affinity
towards (some would say corruption by) economic and political in-
fluence”.

The process as Nowotny describes it has not yet been concluded.
There is ahead another short step toward normality, in which sci-
ence would not only be required to achieve results worth the money,
“but could rapidly lose its claims to a higher form of rationality
and the higher cognitive status and authority that goes with it”.
In fact two British physicists claim that this departure from the
higher form of rationality previously attributed to it has already
happened, and they blame it on four popular philosophers of sci-
ence:

The discussion paper entitled Redrawing the Boundaries between Science and Politics:
Toward a Postmodern Version of Speaking Truth to Power, by Helga Nowotny is
Chapter 6 of Science and Sustainability (IIASA, 1992).
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Karl R. Popper who claimed that theories can never be proved
but only falsified; Imre Lakatos, who contended that scientists
ignore falsifying evidence; Thomas S. Kuhn, who argued that
science is a political rather than rational process; and Paul K.
Feyerabend ... who has insinuated ... that scientists develop
and adhere to theories for what are ultimately subjective and
even irrational reasons (see Horgan, 1993).

Many of the issues come to the fore in global environmental
problems. In these “Knowledge cannot be separated from action
any more”, and it is possible that the scientists working in these
fields are showing the way that science in general will follow in
the years ahead. The plural roles of environmental scientists in-
clude their acting as advisors to their governments and forming
part of their nations’ delegations in international conferences; at
the same time they are highly expert in their own right. They
understand that problem definitions are contingent upon context,
which includes the policy context. “They have learned to practice
dual or plural loyalties - to science, which always means interna-
tional, universalistic knowledge, and to their governments or em-
ployers as well. ... The dexterity with which they change hats and
cross boundaries makes them truly post-modern. ... Some have also
learned ... to speak the vernacular language of science, namely the
ability to address lay people and to involve them in environmental
science”.

But Nowotny is very far from seeing the whole process as merely
a part of a general social encroachment on science. “There are
genuine concerns that come from realizing the global nature of the
problems and the hazardous situation in which humanity is rapidly
finding itself on this planet. There is the challenge of sustainability
and the redefinition of our way of seeing the world that comes with
it”. The seeming encroachment comes because of the general public
sensitivity to the importance of the issue to its own future.
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Rapporteur’s Report

Rod Shaw

1 Introduction

The session consisted of short summaries by Professor Sheila
Jasanoff of her theme paper and by Professor Helga Nowotny of
her comments, followed by a general discussion. Rather than de-
scribe the discussion sequentially, the following report will deal with
three main topics covered during the session. These topics progress
from general problem definition to suggested approaches for the fu-
ture, first in general and then with respect to IIASA in particular.
They are:

(a) The Changing Public Perception and Role of Science in Policy-
making.

(b) Coping With the Problem: “Speaking Truth to Power”.

(¢) Implications for Future Work at ITASA.

2 The Changing Public Perception and
Role of Science in Policymaking

In her paper, Jasanoft brought our attention to the growing pub-
lic unease and skepticism about the directions of modern scientific
inquiry, the wisdom and integrity of the inquirers, and an overly
intimate alliance between science and the state. She asks, “Is it ap-
propriate for science to claim a cognitive authority superior to that
of other social institutions because it alone is able to find out truths
about nature?” Jasanoff calls this increased questioning of science
and scientific evidence the “deconstruction” of science; Nowotny in
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her paper mentions how struck she was with how quickly the pro-
cesses Jasanoff describes under the rubric of deconstruction have
proceeded. Barely 20 years have passed from the time that A.
Weinberg coined the term “trans-science”, in which scientists inject
order and discipline into examining questions in which the scien-
tific information is inadequate. Weinberg envisaged an essentially
linear relationship between science and policy whereby the former
was something that could be cleanly done by scientists and factored
as needed into policy. Today, this vision is seen as being too sim-
plistic — scientific input into policy is being heavily scrutinized and
often rejected. The old model of “science in, policy out” has been
breaking down.

As Jasanoff described in her paper, Weinberg thought that the
best way to factor science into policy was through the open and
adversative processes of the law, at least in the legalistic decision-
making culture of the United States. Yet, it has become evident in
the past 20 years that, as science has become increasingly involved
with public issues, it can no longer be considered to be indepen-
dent of the social and cultural milieu in which it operates. Expert
judgements about matters such as environmental degradation could
differ widely, even with the same input data! Jasanoff feels that the
experts’ views were conditioned by underlying socially induced per-
ceptions of the problem; the “facts” that the experts used were so
context-bound that they were not descriptions of reality but could
be labelled as “trans-science”. She also mentioned research that has
concluded that entrepreneurial cultures are generally most open to
the risks and benefits of new technologies while, in contrast, egali-
tarian cultures are inherently risk-adverse.

In her commentary paper, Nowotny mentioned the entry of
“junk science” into the courtroom, especially in the United States.
She also described other factors in Europe that may have played a
role in the decreasing skepticism about the role of science in public
policy. The all-powerful welfare state in the three postwar decades
coincided with the rise of powerful and effective alliances between
modernizing elites and scientific establishments, all eager to ad-
vise policymakers. It was believed that the future betterment of
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humankind could be achieved with the help of science and technol-
ogy, while negative consequences of policy decisions were denied or
kept invisible. Nowotny states that today the former broad consen-
sus of a societal project of major, future-oriented proportions has
been shattered and that the once powerful state has lost much of
its former capacity to control events and ideologies that favor the
perpetuation of its control. This is especially so in the former Com-
munist regimes in Eastern Europe, where science and technology
run the risk of being conceived as having been deeply involved with
the old totalitarian order.

It was brought out in the discussion that policy people get only
a “snapshot” of science in progress, and a fuzzy one at that. We are
still relying on a very inadequate means of assessing risk — statistics;
furthermore there is a tendency to exaggerate what science really
has achieved.

Despite growing public skepticism, especially with respect to
domestic issues, science is still being called upon to provide input
for policy debates. This includes international environmental issues
such as global warming and the decrease of bio-diversity, where sci-
ence still enjoys more public confidence than in domestic issues and
has been used to define both problems and solutions, albeit general
rather than specific. However, this acceptance of science in inter-
national issues may be short-lived if science is used more in the
future to define solutions that invoke specific international obliga-
tions for nations. The problem of the credibility of science will be
compounded by the fact that consensus with regard to a problem
which is multi-faceted (as is the case with international environ-
mental issues) is more fragile than in single discipline debates; we
cannot expect to find simplistic solutions to global problems.

There is, therefore, a need to reconcile the destruction of science
that has been described above with the still widely held view that
science is still the best way to input knowledge into policy decisions.
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3 Coping with the Problem —
How to “Speak Truth to Power”

Because of the deconstruction of dominant expert opinions that
occurs in open democratic environments and can lead to a paralysis
of policymaking, some societies have opted for a policy framework
that restricts the participation of potentially destabilizing critical
voices. In her paper, Jasanoff described the use of external scientific
advisory committees in the United States which help government
agencies seek external peer reviews, solicit advice, and validate their
own interpretations of uncertain science. Unrestricted access of
experts to a jury was seen by some segments of the American public
as an invitation for “bad science” to crowd out the “good”. It was
felt that a consensus on scientific evidence was more likely to evolve
when scientists feel united in a shared ethos, such as the public
service orientation of an advisory committee, than when they meet
as representatives of competing social interests.

However, as Jasanoff pointed out, this approach may produce
its own set of problems for science, since these advisory committees
are themselves subjected to increasing public scrutiny. Scientists
who are members of these committees have often been accused of
being biased or of violating professional ethics. One way of ad-
dressing this problem is through a strategy known as technology
assessment which has been institutionalized in the United States
and in many countries in Europe. It uses the presumption that
technology policy works best when all stakeholders are identified in
advance and are drawn into the policymaking process. Central to
the approach is the notion of scientific information that is shared
among the proponents, rather than being withheld by one side as
ammunition.

Nowotny stated that scientists need to play multiple roles in
different communities: as scientific workers who interact with their
peers; as scientific advisors to international organizations such as
the UN, and as members of their national delegations in interna-
tional negotiations. They need different vocabularies to communi-
cate in these various roles; Nowotny stressed the need for scientists
to learn to speak in the vernacular.
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Nowotny’s point was taken up by several participants who felt
that scientists need to make clear to policymakers the limits to and
uncertainty in their knowledge. Not only will the scientific input
have more authenticity, but it will give the policymaker more power
rather than less, because he will be able to anticipate and disarm
at least some of the arguments about scientific uncertainty his op-
ponents may use. The participants also made the point that it was
crucial for the scientist, including those using systems analysis, to
identify the interested parties in the debate. Identification of par-
ties is important because they have different knowledge bases and
abilities to respond to scientific input; effective communication with
them demands that various forms and vocabularies be adopted. Al-
though this point may seem elementary, it is often ignored, to the
detriment of the whole process.

On the receiving end of the communication process between sci-
entists and the public, it was felt that scientific literacy is steadily
increasing among the latter. Nowotny mentioned a study which
showed that the public’s ability to understand articles in publica-
tions such as Scientific American has been increasing steadily since
the 1920s. However, has this been due to an increase in the public’s
scientific literacy or to an improvement in the clarity of the writing?

Several participants described the increasing use (because of the
increase in public scientific literacy) of “focus groups” — selected lay
people who were assigned to tackle public policy issues involving
scientific information. It was found that these groups could arrive
at a profound understanding of the issue — an example was given
of the city of Vienna using this approach to solve traffic problems.

As pointed out by other participants, however, the use of such
intermediary groups also has its shortcomings. If several such
groups disagreed with one another, the public could be confused
and doubt the objectivity of both groups. In Europe, a scientific
committee for the Furopean Parliament has been largely ignored.
Nevertheless, in India such groups (often NGOs) have been rela-
tively influential.

The point was also made during the discussion that the role of
science is not only to provide answers to problems but to better
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define the questions and determine the agenda with which the pol-
icymakers have to deal. It can also be useful for conflict-mapping
which may reveal the reasons for differences arising from divergent
scientific opinions and differences in the values held by the various
parties. It was stated that this could be a potential area for future
work at IIASA, a point which will be dealt with in the next section.

4 Implications for Future Work at ITASA

The strength of ITASA in the past has been both substantive and
symbolic. Substantively, it has provided a place for good scientific
work to be carried out. Symbolically, it was practically the only
place where scientists from East and West could meet and work
together. Although ITASA has been extremely successful in the
past, it was the consensus in the discussion that the former role of
ITASA as an East—West bridge has largely disappeared (although
Nowotny stated that East—West problems persist). IIASA needs to
find another role for itself. The bridge remains — what river should
we have it cross?

Some participants felt that in the future IIASA should concern
itself with substantive issues such as global change and economic
transition and apply its past experience, expertise and networks to
these problems. It was recognized that IIASA can be only a small
player in the crowded field of global change. However, there are
few institutions in the world which might be prepared to address
the problems of global change in a holistic way by considering the
societal, economic and ecological factors. Jasanoff suggested that
there are two alternatives open to ITASA:

1. Prediction of physical and social impacts of global change,
through various systems analysis tools such as modeling which
would, necessarily, have to be relatively large ones. Jasanoff
stated that, because of present attitudes, the prospects for
short-term gains for ITASA from such a strategy could be sub-
stantial.

2. Use of systems analysis tools (such as conceptual models) to
better define the real problem, its underlying causes and the
reasons why people perceive problems differently. This could
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be more risky and difficult - we would have to examine hetero-
geneous systems made up of people, practices, and social rules
as well as the laws of nature. It is obvious that such an endeavor
would have to involve both natural and social scientists.

It was felt by the participants that the second approach holds
more promise. ITASA has had considerable experience in the 1970s
and 1980s in examining issues in a holistic way. Few institutes have
our particular experience and expertise. It was suggested that we
should examine the results of past ITASA workshops which dealt
with topics similar to the present one.

Finally, the participants felt that it is important to analyze
these problems not only in the macro (global) scale but in the micro
(regional) scale and to determine the linkages, both between the
two scales and among various regions in the world. This could
be another niche for ITASA in using systems analysis to act as an
intermediary in resolving policy issues.
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Foreword

Decision support came into the world of practice along with the
computer. At first it used computers to assemble data and miscel-
laneous information that would delineate the options open to the
decision makers. Now, as Wierzbicki explains, it goes much further.
It not only helps organize the decision process, but it also processes
information customized for the situation, and enables the decision
maker to draw on expertise and knowledge encoded by the pro-
gram, and to use various algorithms for the evaluation of options
and alternative decisions.

ITASA has been an especially congenial home for such work.
Its substantive, applied projects are a unique source of expertise
on environmental and economic processes. Though quantified and
computerized with mathematical models, they transcend such mod-
els, and are a more diversified type of knowledge than is contained
in expert systems or artificial intelligence. IIASA’s decision support
systems use multi-objective optimization as a tool for the flexible
analysis of models and for organizing efficient interaction between
the user and the decision support system. Applications have been
to future energy supply, the natural gas trade in Europe, and eco-
nomic policy.

New conceptual challenges resulted from the dispute about the
role of human intuition in decision making. Now work is being done
on ways of enhancing the intuition of the user. But at no stage does
the program take over the decision making; at all stages the user is
soverelign.

The work is applicable to conflict resolution. The equilibrium
in a single-objective game requires that the preferences and payoft
functions of each player are known to the others. But such informa-
tion is carefully guarded in real life situations. If any of the players
guess the objectives of the others incorrectly then their decisions
need not lead to any equilibrium. On the repetition of the game,
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assessments of the other players’ preferences would be revised and a
higher level of sophistication attained by the players. In successive
repetitions of the game each would come to realize that the earlier
poor functioning was not due to the hostility of the other players
but to incorrect assumptions about their motives.

Committee for IIASA ’92



Discussion

Jaroslav Dolezal

The contemporary understanding of a decision support system
(DSS) encompasses a fairly broad variety of information systems
designed and implemented with the aim of facilitating the decision-
making process controlled by the user of such system (decision-
maker). The available generality and flexibility of the DSS concept
guarantees, in a certain sense, its future importance and further
development. Needless to say, in spite of the numerous activities
in this area during the last decade, many general ideas and con-
cepts have been formulated only recently (Wierzbicki, 1992). On
the other hand, it can be concluded nowadays that the DSS frame-
work is often used in many branches of science, technology or even
production without explicitly denoting it in this way.

Design and implementation of DSSs merge several diverse sci-
entific disciplines ranging from system theory and decision analysis,
via mathematical modeling and optimization to information theory
and computer science. As pointed out by Wierzbicki (1992), the
crucial point is and should be independent role of a DSS user, who
is solely responsible for the issued decisions. Important practical
impacts of model-based, aspiration-led DSS implementations are
summarized by Makowski (1991). He documents the dominant po-
sition ITASA has achieved in this field by providing a complex and
systematic study of a conceptual, methodological and implemental
framework for a DSS designer. It should be noted that the so-called
command and control (C2), and command, control, and communi-
cation (C3) military systems (Athans, 1987), investigated in the
late seventies, represent an extremely complex kind of DSS. How-
ever, one should not underestimate, in addition, the importance
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of more simple decision support tools of a more general charac-
ter often developed to promote usage of theoretical achievements
in applied science and education. As an example in this respect
let us mention the OptiAenvironment for nonlinear mathematical
programming (Dolezal et al., 1990).

Connections of decision analysis and support methodology to
developmental challenges (Wierzbicki, 1992) open additional appli-
cation possibilities for DSS techniques, having in mind, especially,
information society aspects. Either global or regional sustainable
development will be hardly achieved without the extensive and sys-
tematic exploitation of various decision support tools. In addition,
the fact of ever growing computer power and its overall availability
cannot be overlooked in this respect and this will promote imple-
mentation of more sophisticated DSSs in diverse areas.

However, in most practical situations the development of highly
specialized, problem-oriented DSSs cannot be avoided and the
dilemma of general versus specific DSSs is usually closely related to
the mathematical model involved. As a rule, it is not an easy task
to design and develop a generic, hopefully reusable DSS, and the
alternative preparation of several specific DSSs might be a more
appropriate step instead, as documented for an aircraft engine sim-
ulation system (Dolezal et al., 1991).
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Rapporteur’s Report

Jaap Wessels

1 Models and Understanding

From the presentation by Professor Andrzej Wierzbicki it became
clear that the relation between formal tools for decision analysis and
their prospective users is a relatively neglected aspect. In this re-
spect it became clear that the acceptance of formal tools is strongly
correlated with the trust prospective users have in the tools and that
the effectiveness of formal decision support is strongly determined
by the measure to which the use of the tools stimulates the imagina-
tion and creativity of the users. As a consequence, a straightforward
road to acceptance and effectiveness seems to be the construction
of tools in such a way that the underlying mechanisms are under-
standable for the users. This road is less straightforward than it
seems to be, since, in the first place, different types of users have
different types of intuitive concepts and, in the second place, one
need not understand the mechanisms of a car completely in order to
drive it. Actually, several of the newer approaches to decision sup-
port are based on the idea that the underlying mechanisms should
be specified in such a way that the concepts of the specifications
conform with the concepts of the user about the situation. In most
cases this implies paying more attention to detailed processes and
inherent uncertainties than to elegant mathematical structures on
a highly aggregate level.

One conclusion might be that it would be worthwhile to secure
a more systematic view of the intuitive concepts in the minds of
users and their impact on acceptance and effectivity of decision
support tools.
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Another conclusion might be that the development of decision
support tools based on dynamic concepts with inherent uncertainty
and lack of information has been started but is still in its infancy.

2 Instrumental Versus Explicative Models

A closely related issue emerging from the discussion at the workshop
is the following. In accordance with the importance of understand-
ing by the users, the most usual approach in developing decision
support tools is to construct explicative models based on intuitive
concepts or accepted assumptions about underlying mechanisms
or rational behavior. Although this approach works well in many
situations, there are also many situations where it does not work
because of the extreme complexity of the underlying mechanisms
or just because of a lack of understanding of the processes involved.

A way out of this difficulty is to stop aiming at “physical” un-
derstanding of the mechanisms and accept the use of parameterized
black-boxes or instrumental models for which the parameters are
determined in such a way that the black-box mimics reality to an
acceptable degree. The most well-known example of such an ap-
proach is the introduction of a linear model for the generation of a
time-series with the parameters estimated from historical data. Re-
cently it became apparent that it might even be possible to use an
instrumental model for the generation of prospective decisions di-
rectly based on the impact data without any explicit modeling. As
candidates for such black-boxes, one suggests applying neural nets
for which the parameter values may be determined by a learning
process based on historical data for which the desirable decision
can be usually chosen a posteriori without any knowledge of the
underlying mechanisms. So, apparently, one may choose black-box
models on different levels: on a low level for generating external
influences in the form of a time series, on a high level for generat-
ing decisions directly based on the problem input or, virtually, in
different ways on intermediate levels.

From this observation one might conclude that it would be im-
portant to have a systematic view of the indications for deciding on
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the use of an instrumental model on a certain level when designing
decision support tools for a particular type of situation.
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Foreword

Economic models in the past have tended to be confined to narrowly
economic variables, with political, social and demographic informa-
tion fed in as exogenous. Klein argues that that places unnecessary
restrictions on the applicability of the results. For instance if births
are assumed constant, and in fact they go in cycles as described by
Easterlin, then one has foregone an improvement readily made. If
national defense expenditure is controlled by Lewis Richardson’s
action-reaction model of an arms race, then that ought to be in-
corporated in the model, as was done by Klein in his LINK model.
If fossil fuels are going to hit a ceiling imposed by the greenhouse
effect, that too could well be entered; once it is entered, then the
model would serve to study the effects of a carbon tax to reduce
emissions.

Even political variables need not in principle be left as exoge-
nous. Monetary policy is established by a central bank. Whether
or not that bank is independent of the political system, it is likely
to set interest rates lower when unemployment rises. Unfortunately
for its incorporation in the model the precise determination of mon-
etary policy depends on the objective function of a limited number
of people.

Klein’s LINK model is large, with 25,000 variables, and corre-
spondingly vast data files that are updated monthly. More individ-
ual countries are being added on a regular basis. The commodity
detail in the country-by-country trade matrix is being expanded;
international capital flows and services are being introduced; debt
accounting has already been introduced.

But large as it is the model does not answer all questions, and
to it are appended satellite models intended for specific purposes
that both act on the main model and receive changes from it. The
satellite model covering demographic variables, as these act on the
Japanese economy, serves as an illustration of the procedure.
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For the last 30 years the population dependency ratios [ratios to
the labor force ages (say 15 to 65) of those under 15 and 65 and over|
for Japan have been lower than those of Germany and the United
States, its two main competitors: but they are starting to rise, and
in the next 20 years will rise above their competitors. But labor
force participation will undoubtedly respond to the change in the
ratio, and many of those over 65 will continue working. When this
is taken into account and an economic dependency ratio calculated
Japan will be no worse off than in the past. There will still be
labor shortage, and the model will show the effectiveness of various
policies to counter this, including permitting immigration, raising
the retirement age, encouraging more women to enter the labor
force, and further raising productivity levels. Saving is likely to
decline as another consequence of aging, and the model will also
show the effect of this.

Although the title states that the model is “linear”, it is im-
portant to extend its use to the nonlinear case. Many nonlinear
transformations and social accounting balances are included, in an
additive fashion so that there may be linear combinations of non-
linear functions. Research has been underway for some time to
introduce more inherent and complicated nonlinearities into eco-
nomic models.

Committee for ITASA ’92



Discussion

Hugh J. Miser

1 Introduction

The purpose of these remarks is to sketch the broad outlines of
systems analysis work, so that the place of modeling of the type
described by Professor Lawrence Klein can be viewed against a
general background.

2 The Concept of Systems Analysis

Fortunately, the concept of systems analysis is very broad, so that
activity under this rubric can encompass theory development at one
end of the scale and severely applied work at the other.

e The theory work is aimed at understanding phenomena related
to potential systems analysis problems.

e The other end of the spectrum encompasses work devoted
severely to specific issues of choice: program, policy, or action.
Such work obviously must have clearly identified clients for the
results.

And, of course, systems analysis work can occupy any interme-
diate position on this spectrum.

3 The Domain of Inquiry

Similarly, subjects for systems analysis inquiry can be chosen from
a very broad domain consisting of the phenomena exhibited by
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man/machine/nature systems, where the term machine is construed
very broadly to include any disciplined structure.

4 The Focus of Inquiry

The usual focus of systems analysis inquiry within this domain
is some problem seen either by analysts or interested parties as
occurring in such systems. Since these problems always arise in a
broad problem situation, this situation becomes the focus of the
systems analysis inquiry aimed at understanding the undesirable
effects being observed, and possibly seeing ways of ameliorating
them.

5 Some General Principles of the
Systems Analysis Approach

There are many such principles that could be cited (see, for exam-
ple, Miser and Quade, 1985), but I mention only the four that are
central to this discussion:

e [t is necessary to understand the behavior of the variables in
the problem situation that seem to be contributing to the prob-
lem. If existing theories or models can capture this behavior
adequately, they can be used. If not, then models may have to
be developed as part of the systems analysis effort.

e It is essential to recognize that systems analysis problems al-
most never emerge in a form that can be dealt with adequately
by the tools and procedures of a single discipline. Thus, cooper-
ative work by representatives of different relevant disciplines is
essential. It is seldom adequate for a representative of the cen-
tral discipline involved just to coopt on his own terms something
from another discipline; the subtleties of systems analysis work
demand interactive human intelligence from representatives of
all of the cooperating disciplines. It is this fact that makes
institutions such as IIASA so important for systems analysis.
whereas academic departments usually are inappropriate.



Discussion 155

e Practicality insists that the area to be investigated be given
suitable boundaries.

e Economy of effort — not to mention the timely achievement of
results — insists that, while models must be adequate for the
problem, they also must be kept within practical bounds.

6 How to Address Systems Analysis
Problems: Some Contrasts

My purpose here is to suggest some procedures at the extremes of
systems analysis practice, in order to suggest the variety that can
occur. Most work, of course, falls between these extremes.

6.1 Starting points

Having a general area of problems in view, an analysis team can
start in either of two ways:

e It can design and build a large model encompassing variables
relating to prospective problems. (The Klein paper that formed
the theme of this session proceeds in this way.)

e Before the model building begins, considerable effort can be
expended in exploring the problem area to define the problem
to be treated, so that it will be clear how to build and exercise
models that are adequate but also as economical as possible.

Most large-scale, systems analysis studies do some of both, but
they usually lie between these extremes.

6.2 The purview of the work

The two extremes here are these:

e The analysis team builds a model with as wide a coverage as
possible, incorporating the most accurate representations of the
variables that are available.

e The models are restricted to coverage that is appropriate to
the problem that has been defined, and accuracy is limited to
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that needed to shed appropriate light on the problem and what
might be done to ameliorate it.

6.3 Audiences for the work

The extremes here are these:

Other scientists and systems analysts.
The many parties who have an interest with respect to the
problem being addressed.

Clearly, most work to some extent addresses both of these au-
diences: the scientists and systems analysts because they are the
peers who will make judgments of its technical quality; the parties
who have an interest because they want to know what light the
work can shed on what might be done to ameliorate the problem
being addressed.

6.4 How to reach these audiences

Experience with systems analysis shows that many media will be
needed to communicate with the varied audiences that need to be
informed about the results of the work, depending on the audience
being addressed and the occasion:

e Other scientific peers may be addressed through publications
in scientific and technical journals and papers read at technical
meetings.

e Other audiences need to have publications focused carefully on
their interests, background knowledge, prior experiences, and
responsibilities.

e There are many occasions on which oral communication is nec-
essary.

The craft skills needed in preparing these communications are
often neglected - or left to be dealt with as an afterthought. How-
ever, since the success of the work hinges on how well the commu-
nications succeed, they deserve a great deal of thought and care.

Finally, it should not be overlooked that selling systems analy-
sis results effectively is often done by quite informal means. Even
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though these may seem casual, the prudent analyst has the material
so well structured in his mind that even these informal communi-
cations emerge in a highly disciplined form, in spite of appearing
in informal garb.

6.5 Implications about methods

What has been said so far contains some implications about meth-
ods a study should use. The extremes are these:

e Complications in the modeling work are welcomed if they seem
to extend the explanatory capability of a modeling effort, re-
gardless of how essential they may be for treating the problem
adopted as the basis for the work.

e Only the complications are allowed that are clearly related to
the problem.

The difficulty with either extreme is, of course, that one does
not usually know a priori what variables have important effects
until the work begins to show results; nevertheless, most analysts
can make important central judgments, with trial-and-error proce-
dures then undertaken to discover where the boundaries should be
for complications to be introduced.

7 Some Examples

Here are four simple examples that offer some variety in making
these choices:

e The Klein paper in this session offered a central, very large
model yielding results for economic variables that could be var-
ied by adding models on its borders, thus showing what ef-
fects formerly exogenous variables might have on the central
model’s outputs. This was done against a general apprecia-
tion of broad problem arecas, but not the refinement of specific
problems within those areas.

e 11ASA’s lake eutrophication work developed general approaches
to this problem employing a variety of disciplinary models; then
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the entire structure was tested against a specific example: Lake
Balaton (Somly6dy and van Straten, 1986).

e A systems analysis aimed at improving the distribution of blood
from the central blood bank in New York City to almost 300
hospitals showed how effective models had to be tailored to the
problem situation and the users of the work’s results for a short
overview account, see Miser (1981).

e The choice of a closure for the Oosterschelde estuary in the
Netherlands (after the historic storm destroyed the coastal pro-
tection a quarter of a century ago) was made after a major sys-
tems analysis study in which both government and institutional
scientists participated. There was no central model; rather,
there were many models for the important variables, most of
which were incommensurable. The final judgment (which led
to the most expensive solution) was made by government offi-
cials and the Dutch parliament working together in the light of
over six dozen major outputs for an equal number of important
variables [for a brief account, see Miser and Quade (1985)].

8 Conclusions

The major conclusion is that the circumstance of the systems anal-
ysis study alters the case: in sum, the approach used must be
adapted to what the problem area involves, what the problem is
found to be, and what phenomena must be understood. This pro-
cess involves many choices in at least these categories:

the approach,

the methods (including the modeling approach),

the products that will be needed,

the audiences to be addressed,

the communication instruments that will be needed,
the responsibilities of the various interested parties,
and so on.
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The major lesson of this discussion is that all of these matters
deserve informed and principled consideration as part of design-
ing and carrying out systems analysis work. It involves not only
scientific knowledge but also a wide variety of craft skills.

References

Miser, H.J., 1981, Operations Research and Systems Analysis, RR-81-
9, International Institute for Applied Systems Analysis, Laxenburg,
Austria. (Reprinted from the July 4, 1980, Centennial Issue of Sci-
ence.)

Miser, H.J., and Quade, E.S., eds., 1985, Handbook of Systems Analysis:
Overview of Uses, Procedures, Applications, and Practice, Wiley,
Chichester, UK.

Somlyédy, L., and van Straten, G., 1986, Modeling and Managing
Shallow Lake FEutrophication: With Application to Lake Balaton,
Springer- Verlag, Berlin, Germany.






Rapporteur’s Report

Sture (")berg

The discussion in Workshop 6 was lively. It was mainly devoted
to an exchange of ideas on how researchers could solve practical
problems when they work with applied systems analysis tools.

A point of departure for the discussion in Workshop 6 was a
paper by Professor Lawrence Klein, A Linear Model for Environ-
ment and Development. The paper showed how ideas from non-
economic disciplines, such as demography, could be introduced in
formal models of the economic system, either as endogenous parts
or as satellite modules. Several examples were presented in the
paper, but some were only mentioned by the author in the dis-
cussion. One was the implications of an energy tax in the US. A
second one was the effects of a piece pipe line for water transport
from Turkey to Syria/Iraq. A third example was trade war games
between Europe, North America and the Pacific Basin.

It was not explicitly expressed, but it became clear during the
discussion that the participants assumed that systems analysis with
its formal models is an efficient way to:

Summarize knowledge within scientific disciplines, or better.
Develop a knowledge survey for interdisciplinary systems.
Make forecasts, prognoses or impact analysis.

Structure information for applied use, as a decision support
tool.

Different types of systems analysis models were mentioned.
There was an agreement that there is no simple answer to the ques-
tion of which approach is the best. First, the solution depends on
the problem and available resources for the analysis. Second, new
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statistical theories, new data sources, more harmonized data col-
lection procedures, better computer facilities, and other changes
would soon make any answer obsolete.

However, it was clear that there were two general opinions
among the participants, one favoring a large, basic model that could
be extended to deal with new problems, and another (which seemed
to be more appealing) that one should create a new model for each
new problem.

According to the first conception, which is one of the main ideas
behind the LINK model mentioned in the paper by Klein, the more
variables that could be handled in the model, the better. This is
a way to communicate between disciplines. It is also a way to use
existing knowledge in a coherent way, thus reducing uncertainty. If
it is not possible to introduce new variables endogenously, then they
should at least be used in a satellite model with defined variables
at the connection points.

The advantage with a large, carefully designed model is that it
will be used over many years. When it comes to models which take
a long time to construct, e.g., natural science models on climate
or social science models on quality of life, both types needing large
data collection systems, then it is natural to use the systems tools
also for questions they were not originally designed for.

Those in favor of tailored models meant that the problem should
dictate the model, not vice versa. Usually data are poor, knowledge
about links is also poor (e.g., statistics on economic performance
are hardly ever right), and thus an approximate model will usually
be good enough for politicians and businessmen. What is lost in
detail is gained in relevance.

Of course, if every new problem is a unique one, then the second
approach seems better. If the new problem is similar to earlier ones,
then it is easier to use a base model and add relevant information.

Several technical details in quantitative models were touched
upon, such as feedbacks, problems of scale, bifurcation, chaotic
behavior, length of time periods, noise, stochastics, linearity or non-
linearity and stability. This discussion added clarification and was
very informative for the participants with ba