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Summary

Essentially all major societal activities contribute to existing or perceived
environmental risks, from local to regional to international to global levels. Currently,
the broad categories of existing or suggested technology responses to the "risk stream™
include: expansion of nuclear technology programmes; development of resource-
efficient systems; solar-based systems for providing low-polluting energy as well as
greenhouse-gas sinks. However, it is less well known that a science, technology, and
policy debate also exists in another response category involving very large-scale
manipulations of ecological systems, even the climate regimes of the biosphere, aimed
to offset the impacts of traditional technology. This article briefly reviews the geo-
engineering approach to managing natural resources, and provides a platform for
analysing the approach from the perspectives of science, technology, institutions, and
environmental ethics

1. Introductory Examples and Concepts

Could, and should, large-scale natural systems be manipulated and controlled? For
instance, would a well-timed detonation of an atom bomb in the Atlantic Ocean, close
to Africas west coast, improve the poor climate of the Sahel countries? John Von
Neumann, a renowned mathematician, suggested exactly this at the beginning of the
1950s. This is among the first known examples of modern scientific speculation on the
ways and means to transform large-scale meteorological patterns on Earth, and conveys
an image of what enormous powers as well as risks would be involved.

Von Neumann, a member of the United States Atomic Energy Commission, had been
engaged in developing digital computers to be used as tools to predict the behavior of
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the weather machine. He must have been well aware of the physicist von Karman's
findings in the 1930s, with respect to the surprising character of turbulence, but could
not foresee the deepening understanding of its underlying patterns that was to come in
1960 when Edward Lorenz developed the theory of physical chaos. It seems that VVon
Neumann believed that large-scale (weather) systems might be controllable.

Indeed, several branches of science, including meteorology, ecology, and econometrics,
experienced the "computer boom" in the 1960s and 1970s, leading many researchers to
put much faith in large-scale, top-down models as a panacea, not only for the
understanding complex systems (which is quite a respectable scientific stance), but also
for controlling and manipulating such systems (which is an issue with ramifications far
beyond mere science).

In fact, the battle between alternative interpretations of what systems complexity means
— stabilization or surprise — has been going on for several decades. Important
developments have taken place recently in bio-geophysical and ecological systems
research. Moreover, differing interpretations of the implications of biogeochemical and
bio-geophysical complexity manifest themselves in differing policy perceptions of
anthropogenically driven climatic change. Is such change merely a process to which
society can fairly easily adapt, or is it a threat that needs immediate preventative
measures — perhaps even as drastic as exemplified at the outset of this paper, through
worldwide concerted effort?

From the cultural and democratic perspectives of natural resources management, it is
relevant to analyze whether strong technocratic elites could form that would aim at
controlling and manipulating ecological systems, i.e., life-supporting systems, on a
wholly unprecedented scale of magnitude. After all, long before Von Neumann
speculated about large-scale manipulations of climate, there were many scholars raising
concerns about the manipulation principle per se. Among worried voices was that of
George Perkins Marsh, concerned about the effects of, for instance, connecting two
huge water bodies, the Atlantic and the Pacific Oceans, directly via the Panama Canal
project. As is also known, concerns of that kind were often not the primary matter for
analysis in large-scale engineering ideas (some of which were developed and
implemented) with respect to, for instance, the reversal of the flow of northern rivers in
Russia to improve climate and irrigation schemes; the creating of a "Siberian Sea™ with
water from the Caspian Sea and the Aral Sea areas; and the river-diversion projects for
the Aral Sea. The Chinese Three Gorges Project might provide additional examples of
large-scale ecological-technological engineering. This project, formally approved by
China’s National People's Congress in April 1992, has many aspects tied to it, some of
which relate to preventing the flooding that is a periodic threat to residents, and to
improving navigation on the river. However, 19 towns, 238 km? of farmland, and 50
km2 of orange groves, would be overflowed by the project, and over 1 million people
are expected to have to leave the area by the year 2008.

The question becomes: even if science and technology are, or will be, able to provide
the fundamental knowledge for planetary-scale engineering, would applying such
knowledge be consistent with seeking out sustainable paths towards a sustainable
future?
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2. Concerns About Climate Change

Although climate science has a long history, involving, inter alia, the research of
Svante Arrhenius in the late 19th century, the climate-change questions were raised and
clearly defined in current scientific terms for the first time in 1971. Since then, the
arena of climate change science and, eventually, also climate-change policy, has
witnessed an enormous number of activities: conferences, negotiations,
recommendations and/or framework conventions, scientific controversies, political and
ideological conflicts, among which only a very small selection can be the basis for
discussion in this article.

The science that underpins the activities in the climate change arena provides examples
of very rapid processes of chemical and physical climatic alterations that can manifest
themselves within less than a few decades, a very short time-span in view of
technological response rates. Feedbacks between major and large-scale environmental
problems, such as between stratospheric ozone depletion, global warming, and
acidification including ground-near ozone and smog formation, add particular
complexity to the characteristics of change. Environmental science, empirical as well as
theoretical findings, points increasingly to the need to reject simplistic perceptions of
the state of the world environment. The likelihood is growing that the business-as-usual
environmental policies and technological strategies will redirect stabilizing biospheric
feedbacks into destabilizing behavior. Global average temperature is still on the rise;
the frequency of extreme climate events seems to be increasing; increases in
greenhouse gas concentrations, aerosols, and UV-B radiation from stratospheric-ozone
depletion are all occurring simultaneously. In addition, a new dimension was
introduced by observations that suggest "a discernible human influence on global
climate” (IPCC, Intergovernmental Panel on Climate Change, 1996), a statement
recently substantially strengthened by IPCC’s updated reports, and in the IPCC Third
Assessment including the statement: “Most of the warming observed over the last 50
years is attributable to human activities”. This influence, however, is inadvertent, an
unintended side-effect of the rapidly increasing anthropogenic emissions to the
atmosphere of a wide range of greenhouse gases, and of large-scale changes in land use
over the globe.

3. Categories of Responses to Climate Change Risks

Analyses of "the problem stream™, or "risk stream", of global bio-geophysical problems
outlined above show that virtually all major societal activities contribute to perceived
environmental risks, not in the least, in addition to the obvious sectors of energy use,
transportation, and industry, forestry, agriculture and waste management. Current
categories of existing or suggested technological response (“the response stream") to
the "problem stream” include expansion of nuclear technology programs, solar-based
systems for providing low-polluting energy, as well as greenhouse-gas sinks, and
various versions of small-scale or medium-scale ecological engineering, including the
use of GMQO’s, genetically modified organisms.

Alongside these long-debated policy-response types, however, a scientific discussion
also exists on "futuristic” technologies to offset the impacts of traditional technology,
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such as the category of global ecological engineering, also termed geo-engineering, and
projects dealing with mass migration to space (such as the Japanese Mombusho, and
New Earth 2100, projects). Whereas von Neumann was concerned with the possibilities
of altering a naturally established climatic regime, today’s discourse on climate
engineering addresses the problems of whether man-induced changes to climate could,
and should, be counteracted with measures other than those related to technologies and
policies that are aimed at reducing climate-forcing emissions and activities.

TO ACCESS ALL THE 13 PAGES OF THIS CHAPTER,
Click here

Bibliography

Bolin B., IPCC Chairman; John Houghton, Co-Chair (UK) IPCC Working Group I; L. Gylvan Maire
Filho, Co-Chair (Brazil) IPCC Working Group I; in the Preface of Climate Change 1995: Contribution of
Working Group | to the Second Assessment Report of the Intergovernmental Panel on Climate Change.
Cambridge University Press, 1996, Cambridge. [This document is in the first of the three IPCC 2™
Assessment VVolumes that contributed important update information on the science and policy of climate-
change research in relation to the IPCC Assessment Reports published in 1990 (and its follow-up
supplements). Among particularly important components was the IPCC SAR’s findings with respect to
what is known as ‘the attribution problem’, i.e., the problem of establishing the extent to which societal
activities contribute to observed trends and shifts in climatic and meteorological patterns. The Third
Assessment Report (TAR) of the IPCC presents findings, in addition to the IPCC SAR, that in major
respects further clarifies the attribution of observed climatic changes to societal activities, whilst at the
same time substantially widening the uncertainty with respect to the magnitude and timing of the effects
of climatic change, as predicted by a variety of climate models].

Chau Kwai-cheong (1995) The Three Gorges Project of China: Resettlement prospects and problems.
Ambio 24, 98-102. [One of the so far comparatively few scientific analyses of the Sanxia (Three Gorges)
Project; also see below the reference to Emonds (1991)].

Chunglin Kwa (1992) Nature, power, scale — the modernist context of ecosystems ecology. Paper
presented at the Joint 4S/EASST Conference, Gothenburg, Sweden, August 1992. [A paper containing
important social-science perspectives on the links between humans and natural systems; among concepts
introduced and analyzed is ‘the macro-physics of power’].

Crawford E. (1997) Arrhenius’s 1896 model of the greenhouse effect in context. Ambio 26 (1), 2-5. [One
of the several papers in this Theme Issue of Ambio that places current climate research in the context of
the work by Svante Arrhenius (in 1903 awarded the Nobel Prize for his theory of electrolytic
dissociation) on the potential for human-induced changes to global climate].

Dowlatabadi H. and Morgan M.G. (1993). Integrated Assessment of Climate Change. Science 259, 1913-
1932. [An example of approaches to analyzing policies, including large-scale ecological engineering in
response to climatic changes].

Emonds R.L. (1991) The Sanxid (Three Gorges) Project: the environmental argument surrounding
China's super dam. Global Ecology and Biogeography Letters 1, 105-125. [One of the so far

©Encyclopedia of Life Support Systems (EOLSS)


https://www.eolss.net/ebooklib/sc_cart.aspx?File=E1-04-07-04

CLIMATE CHANGE, HUMAN SYSTEMS, AND POLICY - Vol. III - Climate Engineering : Concepts, Examples, and Risks -
Wiman, Bo. L.B.

comparatively few scientific analyses of the Sanxia (Three Gorges) Project; also see the above reference
to Chau Kwai-cheong (1995)].

European Environment Agency (1998) Europe’s Environment: The Second Assessment. Elsevier Science
Ltd., Oxford. [A follow-up assessment of the first comprehensive and reliable assessment of the quality
of the pan-European environment which was published by the European Environment Agency in 1995; in
turn a document resulting from Third Conference of European Environment Ministers, held in Sofia, and
initiated in 1991 by the Czechoslovak Minister of the Environment, Josef VVavrousek].

Intergovernmental Panel on Climate Change, Third Assessment Reports from Working Groups 1, 2 and 3
(drafts February 19, 2001) - Cambridge University Press, Cambridge, U.K., 2001. [Various drafts of the
IPCC TAR were circulated during the final IPCC process in 2000/2001, and some previews and/or
preliminary statements of the attribution problem were published in the open literature, such as in the
journal Science. See also the bibliographic note above on IPCC, from Bolin et al. (1996)].

Kahn H., Brown W., and Martell L. (1976) The Next 200 Years. A Scenario for America and the World,
William Morrow and Company, New York. [One of the futures-studies from the Hudson Institute in the
1970s; the study took a highly optimistic (utopian) view on the prospects for technology-based solutions
to environmental, demographic, and natural-resource management problems as seen by pessimistic
(dystopian) treatises on such issues in the 1970s (such as studies by the Club of Rome, drawing on
models of world dynamics that were published by researchers at MIT)].

Kellogg W.W. and Schneider S.H. (1974) Climate stabilization: for better or for worse? Science 186,
1163-1172. [Among the first scientific contributions in which the issue of climate engineering, and its
risks, were introduced; in many respects the authors were several decades ahead of their time in view of
the climate-change research that followed in the 1980s and subsequent decades].

Krupp H. (1995) European technology policy and global Schumpeter Dynamics. Technological
Forecasting and Social Change 46, 7-26.

Krupp H. (1996) Zukunftftsland Japan — Globale Evolution und Eigendynamik, Wissenschaftliche
Buchgesellschaft, Darmstadt, pp. 361.

[Drawing on, and further advancing, theories developed by Niklas Luhmann (see reference below,
Luhmann (1989)) on environmental communication and societal dynamics, the two above contributions
provide a social-scientist’s critique of large-scale ecological engineering as a component in integrated-
assessment approaches to responding to climate change; the particular emphasis is the European and
Japanese energy and environmental policy setting].

Lindahl-Kiessling (ed) (1998) Alleviating the Consequences of an Ecological Catastrophe. Conference
on the Aral Sea - Women, Children, Health and Environment, Stockholm, April 23-24, 1998. Swedish
UNIFEM Committee (ISBN 91-630-7986-0). [This book volume reports on the proceedings of a major
international conference on the human, environmental and social effects of large-scale irrigation
programs (initiated in the 1950s) for cotton production in the Aral Sea basin].

Lorenz E.N. (1963) Deterministic non-periodic flow. Journal of Atmospheric Sciences 20, 130-141.
[Mathematicians studied disorder in physical systems in the 18th century; this reference provides a major
modern contribution to establishing the scientific domain of what is known as physical chaos].

Luhmann N. (1989) Ecological Communication, Polity Press, Cambridge. [This treatise introduces new
theories and analyses of the mechanisms through which actor groups (epistemological groupings) and
realms in society interact and communicate on environmental and natural-resource management issues;
thereby offering a more realistic understanding of the role of economic, political, ideological (including
religious), scientific, and other driving forces in the environmental policy arena. See also the above note
on Krupp (1995), (1996)].

©Encyclopedia of Life Support Systems (EOLSS)



CLIMATE CHANGE, HUMAN SYSTEMS, AND POLICY - Vol. III - Climate Engineering : Concepts, Examples, and Risks -
Wiman, Bo. L.B.

Marchetti C. (1977) On geo-engineering and the CO, problem. Climatic Change 1, 59-68. [A paper that
introduces the term ‘geo-engineering’, and forestalls several of the policy options to contain carbon-
dioxide emissions that are now being addressed by the climate-change policy community].

Marland G. (1996) Could we/should we engineer the Earth's climate? Climatic Change 33 (3), 275-278.
[One of the papers from a symposium on geo-engineering (the proceedings were published as a special
section in Climatic Change in 1996; the special section editor was Marland G.); the quotation in the main
text is from this paper].

Marsh G.P. (1864/1974) The Earth as Modified by Human Action (a new edition of Man and Nature; 1st
edition in 1864), London. [George Perkins Marsh (was born in 1801, and became *America’s first nature
conservationist’) traveled extensively in the Mediterranean regions in his capacity as Ambassador to
Konstantinople (a mission he received in 1849); based on his observations from these and other
explorations he authored the book volume referenced here; the volume shows that Marsh was among the
first to realize how local environmental changes could have large-scale, even global consequences].

Mason J., Mathias P., and J.H. Westcott (eds) (1986) Predictability in Science and Society. The Royal
Society and the British Academy, London. [This volume provides illustrations and analyses of physical
chaos (see also the note above on Lorenz (1963)) and its implications for physics, ecology, economics,
and natural-resources management.]

Metz B., Davidson O., Swart R. and Pan J. (eds) (2001) Climate Change 2001: Mitigation. Contribution
of Working Group |11 to the Third Assessment Report of the Intergovernmental Panel on Climate Change.
Cambridge University Press, 2001, Cambridge. [One of the IPCC TAR documents; see also the notes
above on IPCC.]

NAS (1992) Policy Implications of Greenhouse Warming: Mitigation, Adaptation, and the Science Base.
Panel on Policy Implications of Greenhouse Warming; Committee on Science, Engineering, and Public
Policy; National Academy of Sciences (NAS); National Academy of Engineering (NAE), Institute of
Medicine (IOM). National Academy Press, Washington, D.C. [A 1000-page report to the U.S. Congress
on climate-change policy-response options; also known as The Evans Report.]

Pollack J.B. and Sagan C. (1993) Planetary Engineering, CRSR 1037, Center for Radiophysics and Space
Research, Cornell University. [A contribution by astronomers that addresses the potential for engineering
planets in the solar system, such as Mars, into conditions habitable for humankind. Carl Sagan was
among those scientists who raised concerns about the global climatic effects of nuclear war].

Roan S. (1989) Ozone Crisis. The 15-Year Evolution of a Sudden Global Emergency, Wiley and Sons,
New York. [One of the several accounts of the development of the stratospheric-ozone depletion issue,
including aspects of the Antarctic ‘ozone-hole’ discovery and the subsequent international policy-
response deliberations conducive to the Montreal Protocol on ozone-depleting substances, a protocol also
drawing on the ‘pre-ozone-hole’ Vienna Convention].

RSAS (1971); Royal Swedish Academy of Sciences & Royal Swedish Academy of Engineering
Sciences) SMIC, Report on the Study of Man's Impact on Climate. MIT Press, Cambridge, Massachusetts.
[One of the first publications to establish links between climatic change and societal activities, in a
manner that placed climate change on the modern environmental-change political agenda].

Schwartz S.E. and Buseck P.R. (2000) Absorbing phenomena. Science 288, 989-990. [An example of
state-of-the-art research, addressing the role of atmospheric aerosols (suspensions of particles in the size-
range from nano-meters to micro-meters) for climate change].

Shaw G.E. (1983) Bio-controlled thermostasis involving the sulfur cycle. Climatic Change 5, 297-303.
[An example of research on the ways in which aerosols (see the reference above) can affect climate; the
approach taken has interesting similarities to the thought-experiment introduced by Watson and Lovelock
(1983)].

©Encyclopedia of Life Support Systems (EOLSS)



CLIMATE CHANGE, HUMAN SYSTEMS, AND POLICY - Vol. III - Climate Engineering : Concepts, Examples, and Risks -
Wiman, Bo. L.B.

Solomon S. (1987) The Hole in the Sky, Benjamin Franklin Lecture April 7, 1987, AAAS, Committee on
Public Understanding of Science and Technology, Washington D.C. [An example of how the science-to-
policy interaction evolved in the first years, following the discovery of the springtime Antarctic ozone
decrease (the ‘ozone hole’); several ‘big-science’ research programs were implemented in concerted
efforts in the late 1980s to resolve uncertainties and the lack of consensus as to the relevant explanations
at that time of the ‘hole story’].

Stone L. (1993) Period-doubling reversals and chaos in simple ecological models. Nature 365, 617-620.
[An example of the applications and analysis of physical chaos (see also the above reference to Lorenz
1983) in ecological systems].

Tziperman E., Stone L., Cane M.A. and Jarosh H. (1994) EI Nifio Chaos: overlapping of resonances
between the seasonal cycle and the Pacific Ocean-Atmosphere Oscillator. Science 264, 72-74. [An
example of the applications and analysis of physical chaos (see also the above reference to Lorenz
(1983)) to what is known as the EI Nifio-Southern Oscillations (ENSO). ENSO is a well known, but not
fully understood, and irregularly occurring (about once or twice per decade) reversal of atmosphere-
ocean dynamic interactions off the coasts of western South America, and also a phenomenon affecting
marine productivity, and climatic patterns at large distances from the actual ENSO regions].

Watson, A.J. and Lovelock, J.E. (1983). Biological homeostasis of the global environment: the parable of
Daisyworld. Tellus 35 B, 284-289. [A thought experiment introduced by the authors to promote the
hypothesis (in turn introduced by Lovelock and others before him) that living organisms, if existing on a
planet, exert a substantial control of the planetary climate (the paper can be seen as a contribution to the
so-called Gaia hypothesis, later also framed in terms of ‘geo-physiology’). See also the above reference
to Shaw (1983)].

Wiman, B.L.B. (1991) Implications of environmental complexity for science and policy. Global
Environmental Change 1, 235-247. [A treatise on the role of physical chaos (and related) vis-a-vis
classical equilibrium theory in ecology, and their relationships with diversity concepts, in advancing the
understanding of how ecological systems function. The issues are addressed within a framework of the
history of ideas, and the implications for natural-resources management].

Wiman B.L.B., Wiman I.M.B.and Vanden Akkers S.L. (eds) (1998) The Art of Natural Resource
Management - Poetics, Policy, Practice. Lund University Press, Lund. [This book volume addresses safe-
fail (rather than imagined fail-safe) strategies enabling sustainable management and development under
dynamic (non-stationary) and surprise-rich change in natural systems. The geophysiology hypothesis, the
theory of surprise in complex systems, environmental-history and technology/policy aspects are leading
themes in the analytical framework. Environmental communication, risk perception, and innovation are
among the components addressed. The book includes contributions by 37 scholars, scientists, and
policymakers in the international arena.]

World Resources Institute (1999) World Resources 1998-99. Oxford University Press, Oxford. [Among
the several annual/bi-annual reports from the World Resources Institute, an organization that provides
authoritative environmental statistics and data, and assessments based thereupon].

Biographical Sketch

Bo L.B. Wiman, after an M.Sc. in Electrical Engineering in 1973, added a few years of training in
ecological and earth sciences, and in 1985 received a Ph.D. in ecology. Appointments since the 1970s
include advisory and specialist functions to the Swedish Ministry of Industry, the Ministry of Agriculture,
and the Institute for Futures Studies. He was acting Professor in 1988 and 1989 at the Natural Resources
Management Institute (NRMI), Stockholm University, and a member of the NRMI senior scientist staff
1988-1995. He has served as Associate Professor (environmental systems) at the Department of
Environmental and Energy Systems Studies (IMES), Lund Institute of Technology at Lund University,
and has been acting Professor (energy systems) at IMES. He has been a member of numerous Ph.D.
thesis committees, and has published in the fields of atmospheric aerosols and of natural-resources
management, including aspects of biogeography, theoretical ecology, and climate-change policy
response, and has also published several books, on subjects such as natural resources management;

©Encyclopedia of Life Support Systems (EOLSS)



CLIMATE CHANGE, HUMAN SYSTEMS, AND POLICY - Vol. III - Climate Engineering : Concepts, Examples, and Risks -
Wiman, Bo. L.B.

stabilization and change in ecological systems; and environmental and climate security. He is now
Professor of natural resources management research, Kalmar University, Sweden, leading a team of
senior scientists and Ph.D. candidates at the Natural Resources Management Research Unit.

©Encyclopedia of Life Support Systems (EOLSS)



