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|. Attendance and organization of
work

As part of the activities of the International Initiative on Science
and Technology for Sustainabilitfwww.sustanabilityscience.org),
the Division of Sustainable Delepment and Human Settlements of
ECLAC organized a workshop oBustainable Development and
epistemology, with partial support from the David and Lucile Packard
Foundation. The workshop took plaaethe ECLAC headquarters in
Santiago, Chile, on October 13-15, 2004.

The objective of the meeting was to identify and discuss major
epistemological challenges that the problematique of sustainable
development poses to science and technology.

A background paper was prepared before the meeting (Annex
4).

Attendance?

Seven specialists from differeobuntries (Argentina, Germany,
Italy, New Zealand, Norway, and the US) attended the workshop.
Gilberto Gallopin (ECLAC) oordinated the workshop. Also
participating were one officialnal a consultant from the Division of
Sustainable Development and Human Settlements.

See Annex 2.
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ll. Proceedings

Introduction

At the opening session, Gilber@allopin, Regional Adviser on
Environmental Policies, Divisiorof Sustainable Development and
Human Settlements at ECLAC, made an introductory speech. The
workshop was considered as a special opportunity for participants to
discuss epistemological issues snience, linked to the challenges
posed by sustainable developmé&D). The meeting would also aim
at developing a written product addressing the issue.

After a brief introduction, made by Gilberto Gallopin, referring
to the objectives and the methodological and logistic aspects of the
meeting, a list of relevant subjects (see Agenda) was proposed. These
were jointly assigned among the participants, who acted as initiators
of the discussion of each subject.

The specific challenges discussed were:

Basic unit of analysis

Research tells us that human systems and the environment are
strongly coupled and jointly determined systems. Complexity, non-
linearity and self-organization characterize these systems. It is
therefore argued that a separatalgsis of the ecological and social
systems does not provide sufficiamderstanding of the whole, and
therefore the unit of analysis fa@ustainable development research
needs to include the coupledccsmecological system (SES).
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Integration of research

If the basic unit of observation includes both human and natural subsystems, science and
technology for sustainable development (STSPB@comes interdisciplinary by necessity.
Integration of scientific research in terms r@levance for decision-making requires a holistic
approach and an interdisciplinary research styflee identification and understanding of the most
important casual inter-linkages and the understandinlgeoflynamics of the system is essential in
this context.

Dealing with multiple scales

Many complex systems are hierarchic, in thesgethat each element of the system operates
as a subsystem of a smaller-order system, and the system itself as a subsystem of a larger order
“supra-system”. In many complex systems themdriesng coupling between the different levels and
therefore the system must be analyzed onagad at more than one scale simultaneously.
Therefore it is impossible to have a unique, corralttencompassing perspective on a system at
just one system level. The challenge involves the treatment of cross-scale dynamics, as well as the
need to articulate actions at differesgtales from the local to the global

Criteria of truth or validation

The criteria used to decide what is “true” (oe flalsification criteria used to reject scientific
hypothesis) and other rules of science neeteaeexamined for the adequacy for STSD. For
example, the definition of “what is necessairy'the statement: “one should not increase, beyond
what is necessary, the number of entities required to explain anything” (“Occam’s Razor”), might
need to be reconsidered, and maybe broadeneaddar to account for the interlinkages between
the object of study and other parts of reality.

Dealing with uncertainty

STSD confronts various sources of uncettaifProgress in science and technology has
broadened our capacity for intervention in ndtpracesses. However, understanding and insight
of risks does not necessarily imply capacity of préalicor capacity to reduce or control the risks.
As systems complexity is wider than our capaaitycontrol, this increased knowledge may even
generate more uncertainty. Science related pafsyes have thus come to be recognized as
complex and difficult of solution.

Incorporation of other knowledges

Knowledge is a socially derived set of propioss used to claim truth. STSD requires not
only advances within focused scientific reséarbut also the incorporation of knowledge
generated endogenously in particular places amdegts of the world. This represents a great
opportunity to use inputs from other forms of kieage, by exploring the practical, political and
epistemological value of traditional,dal, empirical or indigenous knowledge.

Interparadigmatic dialogues

Given the need to foster a sensecofmmon purpose and common understanding among
different social actors in sustaible development, it will be necessary to move beyond traditional
disciplinary thinking, and even beyond interdidicigrity, towards intercultxal, interinstitutional,
interjurisdictional and transdigq@inary exchanges (between sdists and non-scientists, between
the modern and the traditional, between the nantth the south). This will require a constructive
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communication and cooperation between people hawéng diverse mindsets, world visions, and
specific objectives.

Science-policy interface

For STSD to be used effectively in the questsustainability, thénterface between science
and policy needs to be better understood. The basis for an effective dialogue must be mutual
learning and recognition of differences in criteaiad constraints. Science/Policy dialogues are one
of the basic loci of integration between undansling and action. Innovative experiments on how
to generate a dialogue and a partnerbligveen Science and Policy are needed.

Stakeholder involvement

The possibility of the scientific and technologi¢akT) system to contribute critically to the
sustainability transition is connected to itapacity (and willingness) to incorporate the
perspectives and concerns of the major stakeholders involved, in order to insure the relevance of
the orientation of research to collective demisimaking. This will require the involvement of
scientists and technologists in broad procesdesonsultation and dialogue with the relevant
stakeholders.

Inclusion of qualitative variables

Very often non-quantifiable factors are exadbd from consideration, because the methods
used cannot incorporate qualitative factors, aytlare simply rejected as non-scientific. The
dynamics of the SES depend on large number ofptex processes, many of which are not yet
quantified, or that may even be un-quantifiable. Yet, the qualitative factors may sometimes be as
important or more than the quantitative ones inrdeténg the behavior of the SES (cf. cultural,
social and political factors). A strong push towsadkveloping rigorous methods and criteria to
deal with qualitative information will thus be requdrfor the S&T system to be better able to serve
the transition to SD.
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I1l. Discussions?

The meeting was initiated by a discussion about the role and
meaning of knowledge in societfPotential changes that could be
made in order to better adapt stiftc knowledge to political agendas
of global problems were addressed. One of the main challenges is to
bridge the gap between knowledge and action. The presumption that
more knowledge is needed in order to face problems like sustainable
development was challenged. It was argued that part of the problem
might reside in the scientific methddelf. An insider approach might
be necessary, in order to improve our understanding of the method of
science. At the same time, the importance of understanding the
political processes was stressed. Finally, a definition of the concepts
of science, knowledge and trust opened new discussions on the
relationship between science, ethics, rationality and power.

The mutual dependency between human activities and the
ecological system puts into evidence the limits of independent
descriptions and suggests consiigra coupled socio-ecological
system as thbasic unit of analysis of sustainability science. However,
it was argued that our knowledge on the inter-linkage is still
insufficient and that specific contsx(in time and space) need to be
taken into account in the descrigi of socio-ecological systems.
Acknowledging uncertainty and unpredictability is equally very
important in this context. However, when discussing criteria of truth it
was argued that what is relevamprobably not perfectly knowable.

This report is not intended to give arhaxstive account of the full richness of the discussions, but only to highlight $ahee o
major points that arose during these.

11
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On the relationship between knowledge antloa¢ it was argued that integrated system
representations resulting from high level expenrtiseenot enough to provide appropriate solutions,
because even the most sophisticated modeaisotgproduce a “ought” from an “is”; human values
and purpose are part of the SES. Finally it wasettdgn favor of the development of procedures
and criteria for the scientific analysis of muaired complexity, including: physical reality, the
need to consider different irreducible epistemasgind the need to consider intentionalities.

When discussing thiategration of research, a distinction was made between discipline,
multidiscipline, interdisgline and transdiscipline. Disciplinefiould be understood as instruments
in order to reach higher understanding on a sjgeisifue. Depending on the issue we will opt for
different solutions (multi-, inter- or transdistine). It was made clear that the idea was not to
create a hierarchy between the different typesatiglines, and that increased focus should be put
on the integration of research itself. Integration may be given different meanings, such as a) a
reconciliation of different viewpoints (i.e. discipdig) within the same framework, and b) (some)
reconciliation in terms of mutual understandingwe®en irreducible perspectives. The need for
integration of research arises from the holistic natfithe SE as unit of analysis that collides with
the compartmentalized character of the disciplines as units of understanding.

Multi-scale analysis is required because agency occurs at different scales, hence analyses
and solutions have to cross scales. Also, diffekantvledges are required at different scales, such
as the global and the local sustainability issuasother reason is that multi-scale analysis is
important for the involvement of stakeholdeta adopting a multi-scale approach, the move
upscale is required for answering the “why” dimss, and moving downscale is necessary to
understand the “how” questions; these @ve non-equivalent descriptions.

The need for a reconsideration of ttréteria of truth also follows from the quest for a
“sustainability science”. The reason for interest in truth itself was questioned, and why science has
to bring some kind of truth. Some science iscaned with profitability or effectiveness rather
than truth, and in many cases scientists do noktabout truth when using their procedures of
research; they mainly follow a riii Also the role of truth in science was discussed, as well as the
history of truth claims withirscience. The assumption tlifayou cannot measure something, than
it's not real, was inverted twnly representations of reality can be measured, but never reality
itself. A measurable thing is thus a model. It wa®adointed out that science for SD does not refer
to a discovery and thus appliaati of criteria of truth does not make much sense. Legitimization
and adequacy were brought out as potential alteesativthe criteria of truth, and it was said that
a claim of truth is essentially aaiin of stakes and justification.

Gaps will always exist, and, in the same time, knowledge is always incomplete and can
always progress. The mobilization of scienactually lies within this situation afncertainty.
Even in the case of relative simple components of the SES, understanding and insight will not be
synonymous with capacity to predict. Facing utaiaty, the quest for stainability science for
better understanding and predictive capacity shoultbb@lemented by new research and priority-
setting strategies that do not merely recognize risk, but even embrace it.

Failures of conventional practice together wihcial demand point to the need for the
incorporation of other knowledges. A basic condition for this purpose, is the understanding of
historical, social and pitical context in which the traditional and local knowledge has evolved.
The question of “scientization” was put forward, as well as the risk that local knowledge will be
scientized, which means stripped of context and removed from the holders of the knowledge. The
question is also whether scientization can be empiog for this kind of knowledge. Finally, local
knowledge has to be considered as more than aesoficheap data, but rather as an alternative for
management in the face of crisis that global level scientists may not obtain.

12
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Interparadigmatic dialogues involve the challenge of developing a common (at least partial)
platform of beliefs. Some argue that this is agssary condition for dialogue, but not sufficient by
itself, while others insist that this cannot hetomatically assumed or imposed. However, the
analysis with objective and subjective conditions approaches and the experimentation with the
approaches could be an important element inrduBT SD. The possibility of this dialogue requires
an attitude of tolerance, and the acknowledgment that all positions may be wrong or incomplete.

Different paradigms are in operation at the same time irsdileace-policy interface; they
normally coexist, entering in conflict only at sotimes and circumstances. In this interface, it is
important to distinguish inputs of knowledge ainguts of values. It wa pointed out that the
Precautionary Principle implies the assumption flodt scientific certainty is what legitimizes
action. Instead of searching certainty, the aim shoather be to reach a common vision about the
future. The existence of risk has to be assumedrasural part of reality, and not as an excuse for
non-action. In the science-policy interface, as wathy stakeholder involvement, truth is the
essential element. It was indicated that the IRCE& good example of an evolving science-policy
interface.

The process oftakeholder involvement involves several aspects. First of all, the process
permits communication with the public. Secondlytipgpation opens the possibility of increasing
the quality and breath of the “database” of infation and understanding. Finally, the process of
participation could mobilize emergent potentil. conclusion, this process is not only one of
gaining and sharing information. There is atspotential for a creative process (producing new
results) and a collective transformation. In a situmawhere value plurality is irreducible, a high
quality consultative and stakeholder negotiation process based on knowledge sharing is seen to
provide an improvement in governance.

Developing rigorous methodand criteria to deal withgualitative information will be
required for the S&T system to better serve the gioesSD. It has been demonstrated that in many
cases, rigorous analysis of qualitative factors can be performed. Also, even in the cases where this
is not possible, qualitative factors can be inctudat least in narrative form) in the overall
conceptualization of the problem or issue. The gadriack of scientific literacy when dealing with
qualitative variables therefore represents a great challenge to STSD.

13
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I\VV. Proposals for follow-up and
future actions

As a follow-up of the meeting, a written paper for further
publication will be collectively pregred. This document shall refine
the ideas and reflections that came up during the meeting, including
the written material prepared thereflect the collective agreements,
and distribute the ideas and conclusions for critique and
dissemination.

When discussing the paper, several ideas came up. It was
stressed that one should avoidargtard organized information.
Possible ways of making a comwition concerned the capacity to
describe coming systems, the competence to describe and justify
dialogues between different terrains of knowledge and finally the
competence in explaining the irreducible role of purpose, meaning and
attitude, for motivating descriptions and dialogue. Several models for
illustrating and communicating the reflections were equally discussed.

The participants will stay in touch by e-mail and continue to
exchange thoughts and ideas about the relevant subject as well as
possible ways of presenting it.

15
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Annexes
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Annex 1

Agenda

October 13th

Inauguration session:

First session:

Second session:

Third session:

October 14th

First session:

Second session:

Third session:

Forth session:

Fifth session:

October 15th

First session:

Second session:

Third session:

Welcome and self-presentation
Presentation of the Agenda
Presentation of the problem

Basic unit of analysis
Introduction by @berto C. Gallopin. Discussion

Integration of research
Introduction byGilberto Gallopin. Discussion

Dealing with multiple scales
Introduction byario Giampieto. Discussion

Critaiof truth or validation
Introduction by Mida Cristina Gonzéalez. Discussion

Déewy with uncertainty
Introduction byartin O’Connor. Discussion

Incorpation of other knowledges
Introduction by Polly Ericksen. Discussion

Interparadigmatic dialogues
Introduction by Ragnar Fjelland. Discussion

Science-policy interface
Introduction by Silvio Funtowicz. Discussion

Stakeholder involvement
Introduction by Main O’Connor. Discussion

Inclusion of qualitative variables
Introduction by GerharBetschel-Held. Discussion

General discussion

Discussion of the draft report
Closure of the meeting
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Annex 2

List of participants

Polly Ericksen Researcher
Columbia University (USA)
ericksen@iri.columbia.edu

Ragnar Fjelland Professor
Center for the Study of Sciences and Humanities
University of Bergen (N)
ragnar.fielland@svt.uib.no

Silvio Funtowicz Head KAM Sector
Joint Research Center (1)
European Commission
silvio.funtowicz@ijrc.it

Mario Giampietro Diector of the Unit of Technological Assessment
Instituto Nazionale Ricerca Alimenti e Nutrizione (I)
giampietro@liphe4.org

Maria Cristina Gonzalez Professor
Faculty of Philosophy and Literature
University of Buenos Aires (A)
cgonzale@filo.uba.ar

Martin O’'Connor Professor in economics
C3ED University of Versailles-St-Quentin en Yvelines (F)
oconnor.martin@wanadoo.fr

Gerhard Petschel-Held Head of Department
Potsdam Institute for Climate Impact Research (D)
gerhard@pik-potsdam.de

ECLAC. United Nations:
Dr. Gilberto C. Gallopin  Regional Adviser on Environmental Policies
Division of Sustainable Development and Human Settlements

ggallopin@cepal.org

David Manuel-Navarrete Ph.D
Consultant
Division of Sustainable Development and Human Settlements
dmanuel@cepal.org

Andrés Schuschny Ph.D
Consultant
Division of Sustainable Development and Human Settlements
aschuschny@cepal.org
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Annex 3

List of distributed documents

A CD was distributed before the workshop, collecting relevant documents written by or
recommended by the participants.

Arun Agrawal:
“Indigenous knowledge and the politics of classification”
ISSJ 173/2002. UNESCO 2002. Blackwell Publishers

Jean-Pierre Dupuy:
"Complexity and Uncertainty. A Prudentiédpproach To Nanotechnology" (March 2004)

Ragnar Fjelland:
"Facing the Problem of Uncertainty"
Journal of Agricultural and Environmental Ethics #15, 155-169, 2002

Ragnar Fjelland and Eva Gjengedal:
"The Theoretical Foundation for Nursing as a Science"
in Patricia Benner (ed.): “Interpreti®henomenology”, Sage Publications 1994

Silvio Funtowicz:
"Models of Science & Policy: From Expddemonstrations to Post Normal Science"

Silvio Funtowicz and Martin O'Connor:

"The Passage form Entropy to Thermodynamic Indeterminancy: A Social and Science
Epistemology for Sustainability"

in Bioeconomics and Sustainability. Essayshomour of Nicholas Georgescu-Roegen, Edward
Elgar, 1999.

Gilberto C. Gallopin:

“What Kind of “System of Science”(and techngld would be needed to support the Quest for
Sustainable Development?”

Unpublished manuscript prepared for the [RatlWorkshop on Earth System Analysis for
Sustainability (in Press; The MIT Press)

Gilberto C. Gallopin, Silvio Funtowicz, Martin O’ Connor and Jerry Ravetz:
“Science for the twenty-first century: fropocial contract to the scientific core”

Mario Giampietro, Kozo Mayumi and Guiseppe Munda:
"Integrated Assessment and Energy Analysis: liQuéssurance in Multi-Criteria Analysis of
Sustainability"

Mario Giampietro and Jesus Ramos-Martin:

Multi-Scale Integrated Analysis of Sustainabilisymethodological tool to improve the quality of
narratives”

INRAN Rome ltaly, Paper prepared for the Millennium Ecosystem Assessment International
Conference "Bridging Scales and Epistdogies"- Alexandria, Egypt March 2004
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Michael Gibbons:
"Science's new social contract."
Nature, vol. 402, supp. December 2, 1999

Robert May:
"Risk and Uncertainty. At the frontiers of seee, we don't always know what may happen."
Nature, vol. 411, June 21, 2001

Henrik Moller, Fikret Berkes, Philip O'Brian Lyver and Mina Kidlalioglu:

“Combining Science and Traditional Ecologiddhowledge: Monitoring Populations for Co-
Management”

Ecology and Society 9(3) 2004

Martin O’ Connor and Sylvie Faucheux:

"Navigating in a Second-Best World. Ecologiadiktribution, HistoricalLiability and Social
choice"

Forthcoming in Basili, Franzini, Vercelli (eds., 2004). Environment, Inequality and Collective
Action
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Annex 4

Sustainable development: epistemological challenges to science
and technology

Background Paper prepared for the Workshop on “Sustainable Development:
Epistemological Challenges to Science anadhhelogy”, ECLAC, Santiago de Chile, 13 — 15
October 2004, Gilberto Gallopin, October 2004.

Introduction

It has become evident that, despite important success in the comprehension and manipulation
of many phenomena (particularly at moleculad dower levels) the prevailing scientific and
technological approach is shimg important deficiencies inthe management of problems of
“organized complexity” (Weaver 1948) typiaal the field of sustinable development.

The present condition of the planet seems tahsracterized by massive and deep changes
spanning the local to the global scales, irhitsnan and ecological ogonents: on the one hand,
the world now is moving through a period oftraordinary turbulence reflecting the genesis and
intensification of deep economic, social, politicahd cultural changes associated to the current
techno-economic revolution. In addition, the speed magnitude of global change, the increasing
connectedness of the social and natural systethe gtlanetary level, and the growing complexity
of societies and of their impacts upon the ecospheesult in a high level of uncertainty and
unpredictability, presenting new threats (and also new opportunities) for humankind.

On the other hand, the current trends are seen to be unsustainable, both ecologically and
socially (UNEP 2002, UNCSD 1997). The need for a ghan direction was officially recognized
at the United Nations Conference on Environmamd Development that took place in Rio de
Janeiro in June 1992, and reconfirmed at Wierld Summit on Sustainable Development in
Johannesburg in September 2002.

The complexity of the situations and probtem quickly increasing (Gallopin et al. 2001,
Munn et al. 1999). This is due to a numberredsons, such as: Ontological changes: Human-
induced changes in the nature of the real dvygstoceeding at unprecedented rates and scales and
also resulting in growing connectedness and ief@eddence at many levels. The molecules of
carbon dioxide emitted by fossil fuel burning (modtiythe North) join the molecules of carbon
dioxide produced by deforestation (mostly ire tBouth) to force global climate change; an
economic crisis in Asia reverberates acrtiss global economic system affecting far away
countries. Epistemological changes: Changesun understanding of the world related to the
modern scientific awareness of the behavioucarhplex systems, including the realisation that
unpredictability and surprise may be built in the falof reality, not only in the microscopic world
(i.e., the well-established Heisenberg uncertaintgcple) but also at the macroscopic level, as
described later. Changes in the nature of decision-making: In many parts of the world, a more
participatory style of decision-making is gaining space, superseding the technocratic and the
authoritarian styles. This, together with the withgy acceptance of additional criteria such as the
environment, human rights, gender equality, and others, as well as the emergence of new social
actors such as the non-governmental organisatiodstransnational companies, is leading to an
increase in the number of dimensions used tmddfisues, problems, and solutions, and hence to
higher complexity.

23
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At the same time, a growing feeling from many quarters that science is not responding
adequately to the challenges of our times, antiqodairly, those posed by the quest for sustainable
development, has become evident.

The recognition that a new “Social Contract 8mience” is necessary to deal with the new
planetary situation, that business as usual in seigiill no longer suffice, that the world today is a
fundamentally different world from the one wwhich the current scientific enterprise has
developed, has been coming from the mainstrecientific establishment itself (Lubchenco 1997).
The challenge to focus on the linkages betweersdrtial, political, economidiological, physical,
chemical, and geological systems is seenaasurrent imperative; dynamic cross-systemic
explanations are sought where static and rednisti models once prevailed (as emphasized by the
Board of Directors of the AAAS - Jasanoff et al. 1997).

The theme was also the focus of the WdEldnference on Science that under the rubric
“Science for the Twenty-First Century”, mén Budapest in mid-1999 (ICSU 1999). The
documents of the conference emphasized thesl der a new relationship between science and
society, for a reinforcement of scientific edtion and cooperation, the need to connect modern
scientific knowledge and traditional knowledge, tieed for inter-disciplingrresearch, the need to
support science in developing countries, the impodaf addressing the etisi of the practice of
science and the use of scientific knowledge, attér important issues. However, the Conference
did not discuss the possibility that science itgaly also be in need of change (other than
mentioning the need for integration and partidyléor inter-disciplinaryresearch between natural
and social sciences).

However, the nature of the challenge posedsbstainable development is such that it is
highly likely that deeper changes in the natur¢hefscientific enterprise will be required. Changes
in the methods, criteria and conduit of science have happened before; science has been constantly
evolving through its history. Academic, ‘curiysdriven’ research gave way after WW Il to
'industrialised’' (Ravetz 1996) or ‘'incorporated’ (R&gRose 1976) research as the leading form of
S&T system. Its associated form of intellectual propépublic knowledge', is rapidly being driven
out of the leading fields (dsotechnology and information sciees) by 'corporate know-how'.

Those changes in science have not been indepeaofithe unfolding ohistorical processes
in the economic, technological, social, culturat &nvironmental domains. The changes reflect,
and impinge upon, the social practice and the pubiage of science and the issue of “quality
assurance” of scientific understanding and reseakcresponse to the need for socially relevant
criteria for quality assurance has been theppsal of a “post-normal science” (Funtowicz &
Ravetz 1992, 1993, 1999). Post-Normal Science hasdmartoped to deal with complex science-
related issues. In these, typically facts are unicert@lues in dispute, akes high, and decisions
urgent, and science is applied to them in dos that are anythindut "normal”. For the
distinction between "hard", objective scientificcts and "soft", subjective value-judgements is
here inverted. Very often hard policy decisiansst be made where the only scientific inputs
available are irremediably soft.

To put the role and potentialities of Scien& Technology for Sustainable Development
(STSD) in the proper context, it should be etwbtthat lack of scientific knowledge and
understanding are not the only, and not even therrgeterminants of the present mismanagement
of the planef. In fact, the deep-rooted ecological andiabunsustainability of world development
patterns reflect more the influence of vestiderests, political myopia, societal inertia,
international and national asymmetries of powed the overlap of economic, ecological, cultural,

The clearly insufficient global response to the threat of climate warming, despite the wide scientific agreement anchaiternatio
recognition of the seriousness of the problem, testifies to this.
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political, social and demographic processes gengilatahe intersection of globalization with the
growing global ecological interdepdence, than the limitations of scientific understanding. This
means that the success or failure of the attetaptsove towards sustainability will be to a very
large degree contingent on the political processes towards joint action.

Having said that, S&T can play a crucial role in charting the dangers and opportunities of the
road ahead and providing usable knowledgegfiod stewardship (Katest al. 2001, ICSU 2002;
see also wwwsustainabilityscience.org); the S&T system affects directly “Knowledge and
understanding” (one of ultimate drivers of the aursbility transitions -Raskin et al. 2002) and
also operates indirectly through other ultimate prnakimate drivers. The rest of this paper will
concentrate on this role.

Nodal Issues for STSD

The problematique of sustainability exhibits a twemof traits that suggest that changes (or
at least serious re-examination) of some funddaleaspects of sci@fic and technological
research will be needed in order to improvedhpacity of the S&T systems to better contribute to
sustainable development. The following are somthe$e areas that might be called ‘nodal’ in the
sense that advances made there would reverberatggthmany strands of the fabric of scientific
knowledge.

1. Unit of analysis

Human activities (social, economic, etc.) and the environment are strongly coupled systems
and therefore jointly determined. Besides, these systems are nonlinear, complex, and self-
organizing. A clear implication of this for SD regards its appropriate unit of anal)?‘sls.has
been argued (Gallopin et al. 2001) that tbapted socio-ecological system (SES, Gallopin 1991)
at different scales represents the fundamenitabifisustainable development and hence the unit of
analysis of choicg.

This non-decomposability of many core issuwdssustainable development is beautifully
illustrated by a set of quite simple models of lake-and-managers SES(Carpenter, Brooks and Hanon
1999), extensible to other ecosystems under ganant (Carpenter, Beks and Ludwig 2002).

The analysis of the behavior of these coupled isopi@vided various insights of critical strategic
importance for the sustainable management dfahdakes. One of these was the demonstration
that unwanted collapse can occur even if the ecosystem dynamics are perfectly known and
management has perfect control of the human adtosss also clear that these insights could not
have been obtained by analyzing the lake dyna and the societal dynamics separately.

2. Integrated research

The fact that the basic unit of observatioeludes both human and natural subsystems
makes STSD interdisciplinary of necessity. Intéigearesearch is obviously not just about adding
more variables, or broadening the scope tuihe a larger portion of reality; integration of
scientific research in terms of relevance decision—making requires a holistic approach (looking
at wholes rather than merely at their compopemts), and an interdisciplinary research style.

Looking at the whole from a scientifiwiewpoint includes the identification and
understanding of the most important causalriimieages and, more difficult, understanding the
dynamics of the system. Nonlinearities and self-organization play a crucial role in the generation of

4 The basic entity being analyzed by a study and for which data are collected in the form of variables (standard definition).
> This, of course, does not exclude the use of other analytical units for special purposes and particular studies.
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the counterintuitive behavior typical of many compsystems. This implies that it is necessary to
investigate how different components and procesgegact functionally to generate system-level
responses and emergent properties, how the systptsaahd transforms itself. This is an area for
deep basic and applied research. This understanding is currently much more developed for the
biophysical components of the SES than for thbrapic ones, and both are more advanced than

the understanding of the behavior and dymanoif the coupled socio-ecological system.

Interdisciplinary research is often requirtd obtain integration (ICSU 1999, Kates et al.
2001). As with the case of integration, there isrgdagap between the rhetoric and the practice of
interdisciplinary research. It is not enoughptat together a group of researchers from different
disciplines to work in a project; it is also nesary to establish a true dialogue between the
disciplines, an iterative and interactive pregeof mutual education and learning. This
transformative dialogue is what differentiateserdisciplinary from miliidisciplinary research.
Some identified critical factors fanterdisciplinary work are: nature of the problem addressed,;
psychological and cultural factors; team organiatstyle of interaction (of communication and of
leadership); institutional factorand social, economic, and politidattors. Education and training
in how to perform interdisciplinaresearch is often lacking in most education systems; and this is
an area in which changes are required.

3. Criteria of truth

The criteria used to decide what is “true” (ottbe the falsification criteria used to reject
scientific hypothesis) and other rules of scieneedito be reexamined for the adequacy for STSD.
The question of to what degree (if any) and in which way the existing rules of scientific enquiry,
criteria of truth, and practice of science need tonbdified in STSD is an important one. Research
frequently focuses on narrow, quantifiable aspettthe problems, thus inadvertently excluding
from consideration potential interactions amonfjedént components of the complex biological
systems of which humans are a patrt.

Occam’s Razor is a good example of a scientjficleline that might be changed in the new
context. The rule as usually stated “one showtlincrease, beyond what is necessary, the number
of entities required to explain anything” is stillliain dealing with a vastly complex unit of
analysis, but the characterization of “what is sagy” may need drastic broadening to account for
the interlinkages between the object of study atiter parts of reality, in line with Einstein’s
aphorism "Everything should be madesample as possible, but not simpler.”

One example of the differences involved in curmsience that is applicable to STSD is the
tension and shifting dominance between the ditalyand the integrative streams in Ecology
(Holling, 1998). The differences between streams include basic assumptions on causality, criteria
of truth, epistemological acceptability and exalon criteria, among others (see Table I).

The analytical stream focuses in investigating partand it emerges from traditions of
experimental science where a narrow enough focakdsen in order to pose hypotheses, collect
data, and design critical tests to reject invdijghotheses. Because of its experimental base, the
chosen scale typically has to be small in space and short in time.

The premise of thintegrative stream is that knowledge of the system is always incomplete.
Surprise is inevitable. There will rarely be unanimity of agreement among peers —only an
increasingly credible line of tested argumentt Moly is the science incomplete, but the system
itself is a moving target, evolving becausetloé impacts of management and the progressive
expansion of the scale of haminfluences on the planet.
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This dualism between analytical and integratpproaches is a particular manifestation of
the broader differences between the analytical systemic approaches (Saner 1999, De Rosnay
1975).

4. Inclusion of qualitative variables

Too often non-quantifiable factors are exclddeom consideration, because the methods
used (e.g. classical computer simulation mgdednot incorporate qualitative factors or worse,
sometimes anything not quantitative is simply rejected as non-scientific.

However, the dynamics of the SES depends on a large number of complex processes, many
of which are not yet quantified, and others (such as cultural processes determining social values)
may hot be quantifiable even in principle. Yite qualitative factors can be as important or more
than the quantitative ones in determining the behavior of the SES.

Two comments are relevant here. First, inumber of cases rigorous (even mathematical)
analysis of qualitative factors can be perfornfedtschel-Held et al. 2000, Gallopin 1996, Puccia
and Levins 1987). Second, even in the cases wheigorous treatment of qualitative factors can
not be performed, they can be included (at leagaimative form) in the overall conceptualization
of the problem or issue, insofar as they are dedmé@ causally important. This is often the case
with many cultural, social, and political factothat may even be the dominant element in a
problem.

In conclusion, a strong push towards developiggrous methods and criteria to deal with
qualitative information will be required for the F&system to be better able to serve the
management of the ES.

5. Dealing with uncertainty

STSD confronts many sources of uncertainty; sofrtaem are reducible with more data and
additional research, such as uncertainty dugammdom processes (amenable to statistical or
probabilistic analysis), or that due to ignorance (bseaf lack of data or inappropriate data sets,
incompleteness in the definition of the systamd its boundaries, incomplete or inadequate
understanding of the system). When we considectmplexity of the SES involved in sustainable
development problems, it is clear that thoseirses of uncertainty can be insurmountable in
practice, even if they may not be so in pnotei Moreover, fundamental, irreducible uncertainty
may arise from non-linear processes (e.g. chaoticviimfain the processes of self-organisation
(e.g., Prigogine showed that the new systestiacture arising from the reorganization of the
elements of a dissipative system can be inheremtpyredictable even in simple chemical systems)
and through the existence of purposeful behaviduding different actors or goal-seeking agents.
Furthermore, complex ‘self-aware’ (or ‘reflexiysystems, which include human and institutional
subsystems, are able to observe themsehra$ their own evolution thereby opening new
repertoires of responses and new inter-linkagesthose systems, another source of “hard”
uncertainty arises; a sort of “Heisenberg utaiaty” effect, where the acts of observation and
analysis become part of the activity of the sgstunder study, and so influence it in various ways.
This is well known in reflexive social systenthyough the phenomena of “moral hazard”, self-
fulfilling prophecies and mass pa (Gallopin et al. 2001).

One implication of this situation is thagven in the case of the relatively simpler
biogeophysical component of the SES, understendind insight is absolutely not synonymous
with capacity to predictEqually, awareness of risks is regynonymous with capacity to reduce or
control the risks.
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Therefore, an engineering approach to ansbility seeking to anticipate all critical
situations and building the “perfect model” magt only be doomed to fail, but it could also be
exceedingly dangerous for human civilization. The scientific quest for even better understanding
and predictive capacity must be complemented by msearch and priority-setting strategies that
do not merely recognize uncertainty, but even engbitadecoming part of the process of change
as well as probing its transformation possibilities.

6. Incorporation of other knowledges

Reaching a useful and usable understanding of the sustainability, dynamics, vulnerabilities,
and resilience of SES will require a strong push to advance focused scientific research, including
building up classical disciplinary knowledge from thetural and the social sciences, and an even
stronger development of interdisciplinary arahsdisciplinary research (Schellnhuber and Wenzel
1998, Kates et al. 2001, 80U 2002, Gallopin 1999).

But the challenge goes beyond scientific knowledge itself; many discussions and
consultations on the role and nature of TS&or sustainable development emphasized the
importance of incorporating knowledge generatadogenously in particular places and contexts
of the world, including empirical knowledgendwledge incorporated into technologies, into
cultural traditions, etc. (ICSU 2002).

Science for sustainable development crehistric opportunities to use inputs from other
forms of knowledge, by exploring the ptigal, political and epistemological value of
traditional/local/empirical/indigenous knowledge;etlincorporation of “lay experts” in the
processes of public decision-making and the research agenda makes good sense in terms of using
the expertise that is available, even when it is found in unexpected places.

We lack, however, a comprehensive framework regarding the multiplicity of local
knowledges that could be used as inputs for sifienesearch and have thus far remained largely
unknown to research systems as potential sowfcesovation. The key knowledge generated by
the lay expert is often contextual, partial dondalized, and has not been easy to translate or
integrate into a more scientificaliganageable conceptual framework.

The participation of other social actors,dddition to S&T professionals, at the different
phases of the scientific and technological reseprobess and in related decision-making, can be
crucial for a number of reasons (ECLAC 200Bjhical. The right of the sectors affected to
participate in decisions that have a bearing orr thellbeing (such as the installation of a nuclear
or chemical plant in their area) is undenialfdlitical. It is essential to guarantee society’s control
over research and development outputs, particutadge that have an impact on health and the
environment Pragmatic. In certain cases (e.g. new agricultural technologies, new health
treatments), it can be especially importanttaourage the social groups who are the intended
beneficiaries to have a sense of ownership owestientific and technological knowledge. For this
it may be essential to engage these groups &&hephases in order to incorporate their interests
and perceptions into the procedspistemological. The complex nature of the sustainable
development problematique, in which biogeophysarad social processes usually overlap, often
makes it necessary to consider the differentcgm@ions and objectives of the social actors
involved. Also, it is increasingly clear that itimportant to combine empirical knowledge built up
by traditional farmers, other cultures and ethgioups, with modern scientific and technical
knowledge (the constructive combinationdiferse types of relevant knowledge).

The need to include other knowledges gmetspectives in the S&T enterprise poses
important methodological challenges to S&Tr feustainable development, as it requires the
adoption of criteria of truth and quality thataboroader than those accepted today by the S&T
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community, yet not less solid and rigorous (otviee, the relevance and credibility of S&T could
be gravely damaged).

To what degree, in which situations, what tymel in what form alternative knowledges will
need to be incorporated into STSD arerogaeestions that need to be addressed.

7. Interparadigmatic dialogues

Given the need to foster a sensecommon purpose and common understanding among
different social actors (government, business, labor unions, NGOs, community organizations,
political parties, minority groups, etc.) if sustable development is to be reached, it will be
necessary to move beyond traditional disciplindmiyking, and even beyond interdisciplinarity,
towards intercultural, interinstitutional, interjurisdictiorla and transdisciplinary exchanges
(between scientists and non-scientists, betweemtbdern and the traditional, between the north
and the south). This will require a constiue communication and cooperation between people
having very diverse mindsets, world visionsdaspecific objectives. In short, what Mushakoji
(1979) called amnterparadigmatic dialogue.

Interdisciplinary activities in general ardefined as involving people from different
disciplines, working interactively towards a commmpurpose; in most cases the disciplines are
scientific specializations, or at least professicr@as, and therefore the participants share some
kind of basic platform of beliefs (e.g. trust in the scientific method). The activities are typically
directed to reach a common conceptualization ®fitbue or problem, and to combine the different
knowledges and skills in order to reach the agreed goal (Thompson 1990).

Interparadigmatic activities (both for researahd action) involve a more formidable
challenge. A common platform of beliefs cannot be automatically assumed or imposed, and even
the sense of common purpose may be missing, at least initially. In such cases, the issue is not only
how to articulate different worldviews, but alddferent (and legitimate) goals. The reduction of
the plurality of viewpoints and interests to a #nfprmat (e.g., a mathematical model, a narrative
representation, etc.) or to a single goal is meithossible nor desirable. The analysis of the
objective and subjective conditions and approaches that can generate useful results in those
situations, and the experimentation with the apgitea, is an important component of the new kind
of long-term research that is needed for STSD.

8. Science/Policy Interface

For STSD to be used effectively in the questsustainability, thénterface between science
and policy needs to be better understood. For smiemtists, the problem with the utilization of
science by policy is that policy-makers neither listen to, nor understand, scientists. Conversely,
some policy-makers see scientists as a closetuntmity unable to get down to earth or even to
agree among themselves. An important requirement for an effective dialogue, for both scientists
and policy-makers, is to realize that both camities have much to learn from each other in
addressing problems involving saistable development, and that lhatre required in the quest for
sustainable development. The basis for the dialogust be the recognition of the real differences
in criteria and constraints exhibited by the twonoaunities, which make them almost to appear as
two different sub-cultures. For instance, scient{@articularly those working in the analytical
streams of science) typically dislike to malanclusions and offer recommendations until they are
satisfied that all necessary data have beelected and alternative hypotheses have been
disproved; they also reject subjectivity. By costrgolicy-makers are required to act when needed
even if scientific knowledge is seriously incomplete; and the incorporation of subjective
information and value judgments is part of their trade.
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Science/Policy dialogues are one of the blamicof integration between understanding and
action. Mechanisms to implement the dialogne #o utilize science for policy must include the
capacity to make responsible judgment and adedntggpretation of the evidence. The fact that
the high complexity of SES and their natural ancietal subsystems implies a (often high) degree
of irreducible uncertainty should not lead policy paralysis. On the other hand, scientific
uncertainty should not be read as total ignoraarm a license for “anything goes” in the policy
realm. Sometimes policy-makers, and particulény powerful lobbies fightip for their interests,
are only too happy to make this interpretation.

However, it must be recognized that in marages scientific research is not producing the
kind on understanding usable by policy-makers (Baskerville 1997). Sometimes scientific questions
are posed too narrowly, the scales of workiacemmensurable with those required for decisions,
and the policy concerns are not acknowledged.

One way of dealing with this problem is tovatve policy makers (personally or, at least,
through their technical advisors) at the beginrif@ scientific enterprise, to identify questions,
variables and indicators usable for policy nmaki Including them from the beginning usually
makes it easier to provide policy relevant knowledgele trying to include them in late stages is
usually much more difficult.

Another important reason for early dialogues lestwscience and policy is to ensure that the
potential public impact of the research is ddesed with sufficient anticipation (e.g. by
researching risk-avoiding strategies at #ame time that risks are investigated).

Innovative experiments on how to generatelialog and indeed a partnership between
Science and Policy are needed. One of thoseat®mmpts is the “Science and Policy Partnership
for Sustainability” described online at hfpvww.congcol.org/Journal/editorial/spps.html

9. Stakeholder involvement

The possibility of the S&T system to contributgtically to the sustainability transition is
connected to its capacity (and willingness) to ipooate the perspectives and concerns of the
major stakeholders involved, to insure the reteeaof the orientation of research to collective
decision making.

This will require the involvement of scientists and technologists in broad processes of
consultation and dialogue with the relevant stakders. One useful model (for the global climate
dimension) has been the Intergovernmental Panel on Climate Change {liR@&Yjng sustained
bi-directional interactions between t8&T community and the policy community.

The building up of the collective will and thelleetive institutional mechanisms required is
essentially a political task, but one in which 8&T system needs to play a facilitating role. One
possible direction is the involvement of the S&Immunity with policy-makers and stakeholders
in the construction of alternative scenarios, making use of availabladdwt simulation models,
qualitative analysis, and goal-setting to exploreradtéve future trajectories of the relevant SES
(Schwartz 1991, Gallopin al. 1997, Cosgrove and Rijsberman 2000). This can be very powerful
in making clear uncertainties and irreversibilitiggophysical and social) that are critical for
humankind (thus helping to shape the researeima@a) and the magnitude and complexity of the
problem that requires the reconciliationocoinflicting and disparate interests.

6 http://www.ipcc.ch/
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10. Dealing with multiple scales

Many complex systems are hierarchic, in #anse that each element of the system is a
subsystem of a smaller-order system, and the system itself is a subsystem of a larger order “supra-
system”. The important point is that in manyrmgaex systems there is strong coupling between the
different levels and therefore the system mstanalyzed or managed at more the one scale
simultaneously. But systems at different scale letialge different sorts of interactions, and also
different characteristic rates of change. Therefioris impossible to have a unique, correct, all-
encompassing perspective on a system at even one systems level. The challenge involves the
treatment of cross-scale dynamics, as well amtesl to articulate (o at least make compatible)
actions at different scales from the local to the global.

Some traits of a S&T system for sustainable development

A S&T system internalizing the set of challengiiscussed before would look quite different
than today’s dominant model.

It would be much more exploratory, receptteealternative ideas, and visibly more holistic
(but not less rigorous) than todd&Embracing uncertainty and incorporating the qualitative will lead
to enormously broadening the universe of soluti@m& of questions); new large areas of research
will open up. Its openness to other forms of knowledge, the interaction with other world-views,
with the problems faced by decision-makers, arith wtakeholders, would result in new, richer
ways to set research priorities.

The sustainability S&T system would be explgriapplying, and teaching, a constellation of
tools and methods rather than relying on a narrawfsmodels and toolgdhese tools and methods
would be articulated through the search for uniyholistic principles.Flexible international
research cooperation networks would be multiplied and strengthened, and interconnected with
action-oriented local, regional and global netks, providing indicators of progress towards
sustainability, research results, and capacity-bujldon policy-makers and the civil society, thus
supporting the unfolding of the collective will amdpacity to steer the trajectories of the SES
toward sustainable development.

The emphasis on interdisciplinary activities and the opening to plural knowledges and
perspectives would have large consequences éoedlication and trainingf the new generations
of scientists, as well as for the forms odmmunicating and link scientific understanding.
Schellnhuber (1999), writing in the context of plamgtsustainability,posits there are three distinct
ways to achieve holistic perceptions of the “Earth System”: ltirel-eye’ principle (observing
from space), thealigital-mimicry principle (constructing computer simulation models), and the
‘Lilliput’ principle (building microcosms). The development of STSD might make possible the
growth of a fourth way, thidirect apprehension’ principle, based on moudirect perception of the
operations of wholes, combined with deep un@eding of the workings of complexity. This
would be a type of pattern-recognition that cantlagned in much the same way people learn to
identify statistical regularities in a set of poiptetted in a chart. This would be supported by
advances in the organization, presentation andaliztion of information, making use of rational
and emotional mechanisms of comprehensiormbining cognitive theods with scientific
understanding of SES.
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Annex 5
Table 1
COMPARING THE TWO STREAMS OF THE SCIENCE OF ECOLOGY
Attribute Analytical Integrative
Philosophy enarrow and targeted *broad and exploratory
«disproof by experiment emultiple lines of converging evidence
eparsimony the rule erequisite simplicity the goal
Perceived ebiotic interactions biophysical interactions

Organization

Causation

Hypotheses

Uncertainty

Statistics

Evaluation
goal

The danger

fixed environment
esingle scale

esingle and separable

esingle hypotheses and nulls rejection of
false hypotheses

eliminate uncertainty

estandard statistics

eexperimental

econcern with Type | error (in hypothesis
testing, rejecting the proposition when it
is true)

epeer assessment to reach ultimate
unanimous agreement

eexactly right answer for the wrong
question

self-organization
emultiple scales with cross scale interactions

emultiple and only
partially separable

emultiple, competing
hypotheses
eseparation among competing hypotheses

eincorporate uncertainty

enon-standard statistics
« concern with Type Il error (failing to reject
the proposition when it is false)

epeer assessment, judgment to reach a
partial consensus

eexactly right question
but useless answer
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