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Introduction

In November 2006, the daily newspaper Stuttgarter Zeitung published an interview with
Dennis Meadows, one of the authors of the "Limits to Growth" report of the Club of
Rome (Meadows et al. 1972; Meadows et al. 2004). At the beginning of that conversa-
tion, Meadows states that in 1972, when the study was originally published, he "could

not have imagined how difficult it would be for some people to follow our ideas".

| interpret Meadows' statement as referring to limitations in our powers of imagination.
We have difficulty imagining a future that differs so radically from the social reality of
the present (cf. Boulding 1966). Perhaps the distance between our world today and a
sustainable society some time in the future could be compared to the distance between
the modern industrial age and the system of estates in the European High Middle
Ages. This development has taken several centuries and went far beyond anything

conceivable for medieval men.

Against this background, the model of the Club of Rome captivates through its simplic-
ity and its high degree of abstraction. The model distinguishes three factors which pre-
empt indefinite growth of the human population and industrial production on our planet:
firstly, limited reserves of non-renewable resources (e.g. fossil fuel), secondly, limited
maximum yields of renewable resources (e.g. grain), and thirdly, a limited capacity of
the environment to absorb harmful emissions. According to the model, each of these
factors solely or in combination can cause a breakdown in the development of global
industrial production and population. Currently, 35 years after the first edition, we find
ourselves talking more about limited emission sinks, especially in the context of green-
house gases and global warming, than about limited oil or gas reserves. But this does

not place us outside the range of simulated scenarios.

Consequently, one of the most central tasks for the sociology of science, technology
and innovation is to enhance our understanding of the role of scientific and technologi-
cal change in achieving more sustainable nature-society interaction. Yet any such en-
deavour faces several challenges. As soon as we go into empirical detail, the overall
picture of relationships between society and nature becomes very complex and unclear
(cf. Luhmann 1986). Besides, technological change is predictable only to a very limited

extent.
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Certainly, social sciences are expected to enhance our imagination through the obser-
vation of facts and not by writing science fiction. One way of accomplishing this task
might be to investigate weak trends, i.e. developments that do not yet constitute impor-
tant drivers of social change, but are expected to gain importance in the future, and

where this expectation appears to be reasonably well-founded.

The present study investigates the concept of scientific, technological and innovation
(STI) capacity and develops ideas for capacity research within a sociology of science
framework. In empirical terms, we investigate international collaboration in environ-
mental sciences, using bibliometric methods and a comparison of two major interna-

tional collaboration programmes.

STI capacity, as the concept is used here, means the capability to create, develop and
use knowledge and technology for sustainable development. STI capacity includes
original invention as well as adaptation and diffusion of ideas and technologies. Sus-
tainability is understood as the long-term development of society within the ecological
limits of the planet (for a discussion of the concept of sustainability, see National Re-
search Council 1999; Parris/Kates 2003; Sachs 2000). In the present study, the con-
cept refers mainly to the second and third factor of the cited model, i.e. to renewable
resources and emission sinks. In contrast, the finite supply of non-renewable resources
is outside the scope of the current study, since it constitutes a different domain of sci-
ence and technology, e.g. exploitation of oil resources or substitution of non-renewable

resources by alternative materials.

At least two arguments can be adduced to support a research agenda for social sci-
ences on the subject of STI capacity. Firstly, the expansion of environment-related sci-
ence and technology is an empirical phenomenon which has been observed since the
formation of geophysics in the early 20th century and has accelerated with the rise of
modern environmental consciousness since the late 1960s (cf. Kippers et al. 1978).
Yet in contrast to the formation of environmental consciousness? (Brand 2000) or to the
diffusion of environmental institutions (Kern 2000; Tews 2005), the development of
environment-related STI capacity has hardly been studied systematically, except for

studies in the history of environmental disciplines (Bocking 1997; Bowler 1992;

1 Cf. opinion polls on environmental issues on www.worldpublicopinion.org
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Oreskes/Doel 2003). Furthermore, the capacity concept lends itself to the analysis of
developments that are as yet in their early stages, e.g. the increase of energy efficiency
or the introduction of river basin institutions, which is advantageous from an empirical

research perspective.

The second argument for a research agenda on STI capacity is a more normatively
coloured. It consists in the assumption that social science discourse could help to ac-
celerate the development of STI capacity in science and society. Undoubtedly, the ob-
jective of speeding up environment-friendly technological change is well justified. For
the faster industrialized countries succeed in reducing their ecological footprint, the
more scope is left for additional economic growth, for growth in developing and catch-
ing-up countries, and the more time remains for socio-political adaptation in the face of

irreversible environmental change.

Different arguments can be made for a strong role of political support in STI capacity
building. An important insight of environmental economics is that markets frequently fail
to provide accurate information on the real costs of environmental consumption, with
the result that economic incentives for investment in environmental innovation are set
too low on a systematic basis (Ekins 2006). Moreover, political science studies have
shown that the success in introducing environmental innovations to the market fre-
quently hinges on accompanying political measures (Beise et al. 2003; Janicke/Jacob
2006; Klemmer 1999; Porter/van der Linde 1995). Both arguments indicate that vast
potentials remain unused today in terms of increasing resource efficiency through sci-

ence and technology (Jochem et al. 2004; Weizsacker et al. 1997).

Where the development of STI capacity is backed by science and innovation policy,
such policies should be scrutinized by social scientists. STI research could perform an
advisory function also in the business sector. The notion of capacity is as suitable for
independent basic research as it is for applied research that is carried out in direct in-

teraction with stakeholders from environmental sciences, business or politics.

In this normative interpretation of the concept, we refer to the model of environmental
policy performance as developed by Martin Janicke (Janicke 1997; Janicke et al.
1999). Janicke introduced the notion of capacity as a heuristic in order to redirect the
focus of policy analysis from the political debates of the day to the more systemic

framework conditions for national performance in environmental policy. According to
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Janicke, an environmental problem may exceed the present objective capabilities of
those who want to solve it. In such cases the priority task consists in improving capac-
ity, not in the choice between instruments or policy targets (1999: 112). He distin-
guishes capacity, as "a relative stable condition of action", from the actual employment
of capacities which leads to the "subjective and situative aspect of environmental pol-
icy" (1997: 8).

In reference to this model, STI capacity is understood here as one partial aspect of
society's overall capacity for sustainable development, namely the improvement of fra-
mework conditions for action by means of research and development and by means of
diffusing environmental knowledge and innovation. This is a broad definition with strong
overlaps to issues of environmental policy and innovation policy. In chapter 2 we go
into more detail to show how Janicke's original idea may be adapted for the purpose of

STl research.

The goal of this dissertation is to elaborate the concept of STI capacity for sustainable
development to the point where it becomes fruitful for sociological research. Under this
unifying objective, different aspects are investigated which join and complement each
other in several ways. In the following, we give an outline of the dissertation by intro-
ducing the research question of each chapter as well as the coherence of the parts,

and conclude with suggestions for further research.

In the context of the whole project, the function of the first chapter is to sharpen the
notion of STI capacity in content. Chapter 1 investigates two connected questions.
Firstly, we ask what is the role of knowledge in the relationship between society and
environment, concerning the transition to a sustainable development path? The second
question is: what are current approaches in social sciences that have advanced our

understanding of knowledge for sustainable development?

Methodologically, the first chapter is a selective literature review on the current state of
STI capacity research. The study proceeds in two steps. First, a taxonomy of major
task domains in environment-related knowledge production is drafted, which is then
interpreted and used as a cognitive map of current approaches in social science re-
search.

In response to the first question concerning the role of knowledge for sustainable de-

velopment, we distinguish four major tasks of knowledge production, labelled as: (a)
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ecological modernization and transformation, (b) ecosystem management, (c) envi-
ronmental risk assessment, (d) adaptation to environmental change. We claim that an
expansion of scientific and technological capacity within each of these four domains is
among the necessary conditions for a transition to sustainability. However, this catego-
rization should not be taken as an absolute definition. As with any other taxonomy, it
has to be judged by its usefulness for the purpose at hand, which is to give an overview

of STI capacity research as an emerging social science field.

We criticize the view sometimes taken by sociologists that sociology should only deal
with "social communication about nature", but not with the "material" or "physical" rela-
tionships between society and nature. (A related argument was advanced by Luhmann,
cf. Schimank 2000: 293; Luhmann 1986: 63). We argue that this distinction is flawed.
The terminology of "material interaction" is at most suited to denote physical flows of
material and energy in a narrow sense, but should not be used with reference to com-
plex economic conditions, such as agricultural production. On the contrary, much of
society's knowledge about nature is embedded in all those technologies and practices
by means of which our natural environment is physically transformed, and these tech-
nologies and practices can not be separated in any meaningful way from ideas, dis-
course, and conflict about nature. (Think of dams or airports or genetically engineered
food, for example). This argument is made in chapter 1 with the help of the "ecological
interaction chain". The point we want to stress here is that each of the aforementioned
task domains explicitly encompasses the analysis of social communication, as is evi-

dent also in the literature review.

The value of the literature review in chapter 1 consists firstly in the selection regarding
the quality of the cited works and the range of disciplines considered, and secondly in
the interlinkages that are partly drawn explicitly and partly merely hinted at. For the
reviewed approaches do not so far regard themselves as members of one research
field, but rather tend to inhabit "green" niches at the margins of more established disci-
plines, such as sociology, political sciences, and economics. The proposal to elaborate

these linkages further is captured in the slogan of "an agenda for STI research".

Subsequent to the clarification of major task domains in chapter 1, chapter 2 treats the
question of how STI capacity might be operationalized. Three different methodological

approaches are discussed. These methods can be triangulated and complement each
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other. The methodological discussion shows that the notion of capacity is not just an
empty phrase, but it also avoids lacing up the concept in a tight corset of operational
definitions. The choice of method should be guided by the specific research objective.
The second chapter is to be understood foremost as an elaboration and completion of
the first, where we refer to a number of excellent studies without explicitly considering

methodological issues.

The first approach to operationalizing STI capacity is to adapt science and technology
indicators (S&T indicators) to the subject matter, i.e. indicators developed and used by
innovation research. S&T statistics look at the quantity of S&T results produced and the
amount of resources invested in research and experimental development (R&D). Thus
S&T statistics are used primarily for the quantitative comparison of performance, i.e. in
comparisons of national economies, business enterprises or research organizations,
but they abstract to a large extent from the actual content of scientific and technological
progress. Chapter 2 refers to recent studies with patent indicators adapted for envi-
ronmental technologies and presents own findings regarding the adaptation of publica-

tion indicators on the basis of the database Science Citation Index (SCI).

Although the comparative study of scientific and technological performance — and re-
sulting competitive advantages — is an important building block in the measurement of
capacity, it is not sufficient by itself. In the context of sustainability, capacity needs to
be measured against content criteria also, which means foremost dimensions of envi-
ronmental consumption (e.g. amount of water used) and environmental quality (e.g.
water quality). In our view, measuring eco-efficiency, e.g. energy efficiency, material
efficiency, surface efficiency, etc. and measuring the diffusion of environmental innova-
tions are two important methodological issues for future capacity research which merit
more attention. Both aspects, i.e. efficiency and diffusion, are illustrated by the case of

the Japanese Top-Runner programme in chapter 4.

The third approach, which is a more genuinely social science one by comparison, con-
nects to the topic of task domains as described in chapter 1. Here, capacity is under-
stood as a set of systemic conditions for action in a constellation of actors. The notion
of systemic or relatively stable conditions for action comes from the aforementioned
model of environmental policy performance. By connecting this model to a meso-level

concept which circumscribes a field of actors, technologies, and institutions, the con-
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cept is made fruitful for empirical STI research. Chapter 2.3 presents three examples of
this approach, explaining in each case how to delineate the object of research, i.e. the
relevant constellation of actors, technologies and institutions, and how to adapt the
concept of capacity. The meso-level concepts used here are the notion of the "sectoral
innovation system", the "technological regime", and the "environmental" or "resource
regime". Although reference to these meso-level concepts does not constitute an op-
erationalization in the narrow sense of measurement, an outline is presented of what a
viable research design might look like. Besides, the methodological affinity between the

three meso-level concepts is stressed.

It follows from the broad layout of the capacity discussion in the first part of this work
that only a sub-set of the presented methods will be applied in the second, empirical
part. However, the methodological discussion provides additional suggestions for fur-

ther research that are summarized at the end of chapter 2.

While the application fields of environmental knowledge are placed in the foreground in
the first part of this work, the second part focuses on environmental science fields as
segments of the science system. While the first part developed an interdisciplinary
concept of STI research, connecting different approaches, mainly from social studies of
science, environmental policy analysis, and innovation research, the empirical chapters
3 and 4 contribute to the sociological study of science in a narrower sense. The latter
investigations constitute building blocks or examples within the larger framework that is
described in the first part. In addition to the dimensions of content and methodology

(chapter 1 and 2) a geographical dimension of capacity is introduced.

The second part proceeds from the observation that scientific capacity is distributed
extremely unequally and is still concentrated in the most advanced industrialized coun-
tries, while many pressing environmental problems are global in character. This leads
us to the questions (a) how the social organization of science is influenced today by the
global extension of environmental problems and (b) what form of organization is capa-
ble of globalizing environmental knowledge? These questions are investigated in two

complementary studies on international scientific collaboration.

We define international collaboration as the collaboration between two or more scien-
tists with institutional affiliations in different countries. If the social organization of a sci-

entific field is pictured as a network of communicative and cooperative ties between
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individual scientists as nodes, then international collaboration denotes a part of this
larger network, namely the sub-set of all ties across national borders. It is characteristic
for the organization of public science that these network structures of the intellectual
field are combined with research institutions (i.e. research organizations, funding me-
chanisms) that are confined to national boundaries in most cases (Stichweh 1999;
Whitley 2000). The propensity for international collaboration is thus a dimension of the

intellectual field.

This dissertation investigates international collaboration on two levels, firstly on the
level of the whole field in a comparison of different environmental science fields (chap-
ter 3), and secondly on the level of international, i.e. multilateral collaboration pro-
grammes (chapter 4). The cases investigated are the International Geosphere-
Biosphere Programme (IGBP) sponsored by the International Council for Science, and
the International Hydrological Programme (IHP) which is administered by the UN Edu-
cational, Scientific, and Cultural Organization (Unesco). These two collaboration pro-
grammes represent contrasting organizational models for institutionalizing collaborative

ties within an intellectual field.

Chapter 3 presents a bibliometric analysis, i.e. a comparison of the internationalization
of different environmental science fields on the basis of publication data. International
collaboration is measured as the percentage of papers with international co-authorship
in all papers. It is known from the literature that different science fields diverge in their
propensity for international collaboration. This observation also applies for the small
number of earth and environmental science fields which have so far been investigated.
Some of these are among the most strongly internationalized fields of science, yet so
far no coherent explanation for this finding has been given. Furthermore, prior research
usually neglected the question of how the geography of the research object relates to
collaboration — an issue which is especially relevant for earth and environmental sci-

ences.

We hypothesize that differences in the level of internationalization across environ-
mental science fields can be explained by differences in the cognitive structure of the
research object (Whitley 2000). As an independent variable, we introduce two types of
cognitive problem structure: environmental changes that are "globally systemic" in con-

trast to environmental changes that are "cumulatively global" (Turner et al. 1990). The
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first type refers to changes in a global system, such as the global climate system, while
the second type refers to the global spread of local or regional environmental changes,
such as water pollution, soil degradation or biodiversity loss. The distinction character-
izes the cognitive perspective of research, but implies no physical separation in nature.
We investigate three independent variables: (a) frequency of international collabora-
tion, defined as the rate of international publications, (b) output concentration field on
the largest scientific producing countries, and (c) participation from developing, emerg-
ing or transition countries, defined as the rate of publications with authors from these

countries in relation to all international publications.

With reference to Whitley's theoretical concept of mutual task dependence among sci-
entists, we explain why the globally systemic problem structure leads to higher levels of
collaborative organization in the respective science fields. In order to test this hypothe-
sis empirically, we compare two SCI fields of systemic global change research (mete-
orology & atmospheric sciences; oceanography) with two fields of cumulative global
change research (ecology; water resources). Our results show significant differences in
the expected direction of all three dependent variables. "Meteorology & atmospheric
sciences" belongs to the most internationalized fields of science, whereas internation-
alization in the cumulatively global field of "water resources" conforms to the database
average. In line with expectations, the relative participation from the group of develop-
ing, emerging and transition countries is much higher in the field of "water resources"
than in the three other fields, with co-authors from one of the countries in close to 50 %

of all international publications.

Chapter 3 is written as a contribution to bibliometric research on international scientific
collaboration, a literature that is to a large extent a-theoretical. But in the context of
capacity research it is important to understand how the social organization of scientific
fields is influenced by their cognitive structure. The differences observed with regard to
the level of internationalization indicate that the distinction between globally systemic
versus cumulatively global problems is important for the social organization of envi-
ronmental sciences and thus by implication also plays a role for the development of

scientific capacity.

In chapter 4, the focus of analysis shifts from the field level to an institutional compari-

son of two scientific collaboration programmes. This analysis identifies an important
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research gap, since the sociology of science so far has neglected international collabo-
ration programmes as a form of organizing environmental research, nor has the role of

these programmes for capacity development been investigated.

The principal purpose in analyzing these cases is to open up the topic by identifying
relevant dimensions and questions for sociological research. Thus, we first take each
single programme as an historical example for capacity building in environmental sci-
ences and aim to understand its objectives and institutional design. By means of a sys-
tematic case comparison, we then seek to indentify organizational factors of more gen-
eral importance for the successful development of collaboration initiatives in environ-

ment-related fields of knowledge.

Methodologically, this research is based on an analysis of the scientific literature, pub-
lished by historians of science and by participating natural scientists, grey literature,
programme websites, and official documents, as well as interviews and participant ob-
servation during a three-month research stay at Unesco-IHP secretariat in Paris. Dur-
ing this period, we were also able to attend sessions of the 33rd Unesco General Con-
ference and an international scientific conference on the history of Unesco marking the

occasion of the organization's 50th anniversary.

The case of the International Geosphere-Biosphere Programme (IGBP) was selected
as example for a whole tradition of scientific internationalism that is associated with the
International Council for Science. This institutional tradition of large collaboration pro-
grammes leads from precursors in the late 19th century over the famous International
Geophysical Year in mid-century up to contemporary programmes in global environ-
mental change research (Greenaway 1996). The International Hydrological Programme
(IHP) was selected because it originated in the same institutional tradition, but has
evolved in a different direction since the time when the programme secretariat became

a permanent part of Unesco in 1974.

Our analysis explains the different meanings of capacity development in these two ca-
ses. IGBP is a programme that investigates global change in the earth system. It aims
for international and interdisciplinary coordination in order to create synergies between
the scientifically most advanced countries as its main contributors (cf. analysis of par-
ticipation in section 4.2.4). In this context, capacity means the scientific cababilities to

observe, to understand and to predict changes in global life support systems. The pro-
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gramme was set up in the mid-1980s in order to study a topic that had not been sys-
tematically addressed before, i.e. the interaction of physical, biological and chemical
processes on the global scale. IGBP works as an institutionalized network of scientists.
It has been estimated that approximately 10,000 scientists participated in associated
research (1990 until ca. 2003/04). This figure indicates that IGBP is very successful in

terms of participation and scientific allegiance to programme objectives.

The analysis shows that the organizational design of IGBP has many advantages, e.g.
with respect to expansion over time. Yet we argue that the capacity of the IGBP sche-
me to coordinate the work of hundreds or even thousands of scientists cannot be un-
derstood solely in terms of its lean and flexible organizational structure. Rather, the
organizational model is so powerful because IGBP's research field is characterized by
high levels of mutual task dependence. The history of IGBP and other programmes in
the ICSU tradition suggests that large-scale collaborative organization and the cogni-
tive integration of systemic global change research are mutually reinforcing social and
cognitive developments. Consequently, it seems unlikely that a simple transfer of the
same organizational blueprint to cumulatively global research fields would result in
comparable levels of participation and allegiance. This conclusion also seems to be in
line with the experiences from the international programmes "Diversitas" (biodiversity
research) and "International Human Dimensions Programme" (social sciences) which

have a similar organizational design, but different cognitive structures.

In contrast to the preceding case, the International Hydrological Programme (IHP)
frames international scientific collaboration as a means to enhance member states'
capacity for sustainable water management. In a sense, the field of regional hydrology
is much more representative for most environmental knowledge than the interdiscipli-
nary research area of earth system science, and this is because the topics of regional
hydrology are usually investigated on local and regional scales, while similar problems
are rapidly accumulating worldwide. Most environmental problems are perceived and
worked on by society as local or regional issues while they are also in fact cumulatively
global. Other examples, apart from water management, include biodiversity loss, soil

degradation, uncontrolled urbanization, depletion of ocean fisheries, etc.

The case of IHP shows that it is not at all self-evident how international scientific col-

laboration as a feature of the science system can be successfully linked — institutionally
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— with the objective of scientific capacity building in developing countries and emerging
economies (also cf. examples discussed in Hamblin 2005). In contrast to IGBP, the
formal structure of IHP centres on the collaboration of states. The main structural com-
ponents are national committees which function as formal interfaces with national gov-
ernments and at the same time with national scientific and professional communities.
As a consequence of IHP's intergovernmental design, IHP relies to a large extent on its
permanent professionals to connect science and bureaucracy. Yet perhaps the main
problem is that IHP's intergovernmental structure severely restrains programme growth
because all extra-budgetary funding that is offered by states or other development

agencies must be formally administered by one central Unesco-based secretariat.

The analysis also brings out the organizational strengths of IHP with regard to collabo-
ration and capacity enhancement in the developing world. The main strengths are the
institutional linkage with a higher education institute that specializes in university edu-
cation of students from developing countries in hydrology and related fields, Unesco
IHE. Through its longstanding focus on training, education and collaboration, IHP has
been able to build a strong expert network in many developing countries. Furthermore,
the prestige of Unesco can help scientists from developed countries to gain access to
collaboration partners in countries that lack a highly developed science system or that

do not disclose environmental information to the public.

This leads us to the more general question: what lessons can be drawn from this com-
parison for collaboration initiatives in cumulative global change research? We conclude
the paper by highlighting five dimensions that are vital for organizational capacity de-
velopment: (a) scientific allegiance to a programme's research objectives; (b) mutual
task dependence among scientists; (c) decentralized administration to enable pro-
gramme growth; (d) careful boundary management between science and politics; (e)
institutional linkages between research funding and development policy. While there is
often tension between scientific rationales for collaboration and developmental policy
objectives, there are many other collaborative approaches apart from IGBP and IHP

that are worthy of more systematic study in this respect.

This dissertation project set out to investigate the concept of STI capacity for sustain-
able development. The main insights and results of this work can be summarized as

follows:
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1. STI research for sustainable development can be conceived as a coherent field
of social science that investigates capacity development in four major task do-
mains: (a) ecological modernization and transformation; (b) ecosystem manage-
ment; (c) environmental risk assessment, and (d) adaptation to environmental

change.

2. An overview is given on three methodological approaches for the operationaliza-
tion of capacity: (a) by adapting S&T indicators, e.g. patents, publications or re-
search expenditures; (b) by measuring performance against standards of envi-
ronmental consumption and environmental quality. Indicators of resource effi-
ciency and indicators measuring the diffusion of environmental innovations are
especially important for capacity research; (c) by conceiving capacity as systemic
or relatively stable conditions for action in constellations of actors, technologies,
and institutions. Suitable meso-level concepts are needed to delineate the actor

constellation.

3.  We provide an overview on environmental science fields in the SCI, including
their size, overlaps and categorization in biosphere, geosphere, and environmen-

tal management & engineering research.

4. We present empirical evidence for the claim that international organization in cli-
mate and earth system research is a special case of scientific capacity develop-
ment that can not simply be transferred to other environmental science fields. In-
tegration through standards and GCM models and collaborative international or-
ganization are mutually reinforcing cognitive and social tendencies in tackling

globally systemic problem structures.

5. We analyze two historical cases of collaboration programmes in terms of their
objectives and institutional design — IGBP and Unesco-IHP — and identify dimen-
sions that are relevant for future research on international collaboration in cumu-
latively global fields: scientific allegiance, mutual task dependence between
scientists, decentral administrative organization, growth capacity, and boundary

management between science and policy.

An issue that comes to mind naturally in the context of STI capacity is the comparison
of nation states. This topic is beyond the scope of this work, but is investigated by the

author and collaborators in an ongoing study on future areas for S&T collaboration be-
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tween Germany and the so-called BRICS countries in the context of national strategies

for sustainable development. The group of the BRICS countries includes Brazil, Rus-

sia, India, China, and South Africa.2

2 This study is directed by Dr. Rainer Walz, Fraunhofer Institute Systems and Innovation
Research, Karlsruhe, (9/2006-9/2007), and is commissioned by the Sustainability Council
(Rat fur nachhaltige Entwicklung) of the German federal government.
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1 Four major task domains of science for

sustainability

Abstract

We propose a research agenda integrating environment-related science, technology,
and innovation (STI) using a problem-solving approach to sustainable development.
We argue that STI for sustainability encompasses four major task domains: (1) eco-
logical modernization and transformation, (2) ecosystem management, (3) environ-
mental risk assessment, and (4) adaptation to environmental change, each posing
great social challenges. For each domain, nature—society interaction increasingly relies
on knowledge acquisition. The proposed agenda focuses on the investigation of R&D
capacity and linking knowledge and action within and among societal spheres (i.e.,
science, politics, business, law, mass media, and education). While today the discipli-
nary niches of environment-related STI research are still fragmented, with this broader
framework, STI research could develop into a major social science field of human—

environment relations.

The text of this chapter is currently under review for publication in the journal "Environ-

mental Science & Policy" (Elsevier).

An earlier version of this paper was presented at the "Science and Technology Policy
Research SPRU 40th Anniversary Conference — The Future of Science, Technology
and Innovation Policy", September 11-13, 2006, University of Sussex, Brighton, UK
and at the 33rd congress of the German Sociological Society (DGS): "The Nature of

Society", October 9-13, Universitat Kassel, Germany.
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1.1 Introduction

The term "anthropocene" characterizes the current geological age in which humanity is
a strong driver of change in the earth system. Most ecosystems are now dominated by
the human species (Turner/McCandless 2004; Vitousek et al. 1997). The accelerating
pace of global environmental change is accompanied by an increasing requirement of
knowledge on nature—society interaction. The Russian geochemist Vladimir Vernadsky
coined the term "noosphere" to highlight the fact that human cognition is significant on
the geological level (1945). Conversely, when social systems approach the limits of
ecological carrying capacity, these systems require more information and more efficient
practices to monitor and maintain services that we derive from natural systems (eco-
system services). Science, technology and innovation (STI) are increasingly being re-
framed as part of our capacity for sustainable development (Cash et al. 2003;
Clark/Dickson 2003). While progress in knowledge and technology alone is not suffi-
cient to solve the sustainability crisis, there is no doubt that STI has an important role in

our achieving targeted sustainable development paths (Berkhout/Gouldson 2003).

STI research is used here as a term for research on economic, political, sociological,
historical, and cultural dimensions of STI in society. The growing importance of knowl-
edge and information (knowledge intensity) for monitoring and maintaining ecosystem
services suggests that STI research should devote more effort to questions of nature—
society interaction. Yet the relevant parameters of this knowledge have not been de-
lineated in a way that presents a systematic agenda for STI research. The objective of
this paper is to present a conceptual map of the knowledge required for achieving sus-
tainability goals. We outline a comprehensive programme that links different topics in
environment-related STI research and helps to identify gaps in current understanding.
STI research, in our opinion, can evolve into a major social science field of human—
environment relations, and we would like to engage in a broader discussion of this po-

tential, with our proposed framework as a starting point.

The challenge of sustainable development is, according to Clark and Dickson (2003:
8059) "the reconciliation of society's development goals with the planet's environmental
limits over the long term". A fruitful perspective for sustainability-oriented STI research
exists in the investigation of problem-solving capacity (cf. Jacob/Volkery 2006; Janicke

et al. 1999). This perspective includes problem-solving in science and technology
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proper, as well as a focus on the coupling of knowledge and action between different
spheres of society, i.e., science, business, politics, law, mass media, and education.
The coupling of knowledge and action is essential for environmental innovation and
social learning and includes the analysis of obstacles to progress in the direction of

sustainable development.

There has been a tendency on the part of environmental historians and social scientists
to conceptually divide the social construction of knowledge and social discourse about
nature from the "material interaction" of humans and their environment which is related
to natural resource consumption (e.g. Buttel et al. 2002; Cronon 1990). We believe that
this separation is flawed and artificial because large portions of relevant knowledge are
embedded in the ever more sophisticated technologies used to transform natural re-
sources through the economic processes of production, transport, consumption, and
waste disposal; this connection between knowledge and action belies the proposed
conceptual divide. In general terms, the knowledge required for a sustainability transi-
tion comprises both (a) knowledge about natural systems and anthropogenic changes
in these systems and (b) technological knowledge because technologies determine the
flux of material and energy, which in turn affects natural systems. The term "material
interaction" is inadequate for complex economic processes and should be used only in
the more narrow sense of material and energy flows. This can be demonstrated with

the help of the "ecological interaction chain".

This paper starts with the concept of an "ecological interaction chain" (section 1.2). We
distinguish four domains of problem-solving by their respective focus on this ecological
interaction chain: ecological modernization and transformation (1.2.1), ecosystem
management (1.2.2), environmental risk assessment (1.2.3), and adaptation to envi-
ronmental change (1.2.4). Each domain encompasses the problem-solving capacities
of natural sciences, engineering disciplines, and social sciences in various combina-
tions. The proposed agenda for STI research involves observation and analysis of the
societal problem-solving capacity in each of these domains (cf. chapter 2). Together,
the four domains present a coherent outline of sustainability related STI issues to ad-

dress at the beginning of the 21st century.
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1.2 Task domains of STI for sustainability

The "ecological interaction chain" is a generalized representation of the causal linkages
between society and nature. This scheme was originally developed by William Clark
and colleagues in the context of research on hazard management (Clark et al. 2001:
10ff.). The chain consists of six causal steps, as described in figure 1. A similar concept
of a causal interaction chain is used in the well-known DPSIR framework. DPSIR
stands for driving forces, pressures, states, impacts and responses.3 However, Clark's
scheme is more amenable to the purposes of STI research because it cites technology
as a causal linkage and makes more explicit use of social concepts (such as demand,

choice, practice, valuation, and vulnerability).

In the past, many environmental sociologists and historians divided knowledge and
communication about nature from "material" relationships of humans and their envi-
ronment (e.g. Buttel et al. 2002; Cronon 1990). With the help of the ecological interac-
tion chain, we propose to show that STI research requires a very different approach.
Rather than artificially separating anthropogenic modifications of natural systems from
knowledge and discourse, we use the interaction chain to distinguish four domains in
terms of problem content while including both physical relationships and knowledge.
Each domain demarcates a suite of problem-solving tasks involving knowledge crea-
tion, technological development, innovation, and related social discourse for sustain-
ability, and each covers a certain section on the interaction chain. These four "task do-
mains" are labelled: (1) ecological modernization and transformation, (2) ecosystem
management, (3) environmental risk assessment, and (4) adaptation to environmental

change.

3 http://glossary.eea.europa.eu/EEAGIlossary/D/DPSIR
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Figure 1: The causal chain of nature-society interaction

Nature

1. Demand for goods and services: The causal chain starts with human demand.
This comprises demand for artefacts and services created by society, as well as
demand for natural resources and ecosystem services.

2. Choice of technologies and practices: Humans develop and employ technologies
and practices to satisfy demand. Technologies are embedded in institutions and
infrastructures.

3. Flux of materials and energy: Depending on the choice of technology, practice and
location, flows of materials and energy occur (extractions and emissions).

4. Environmental properties and ecosystem services: Anthropogenic flows alter the
flux of material and energy in the geosphere and biosphere. The modification is
not confined to direct effects but includes catalytic reactions, e.g., the greenhouse
effect of CO, emissions, as well as the removal or addition of biological agents,
such as the introduction of alien species. These modifications affect environmental
properties and ecosystem services.

5. Vulnerability to risks of environmental change: Change in the behaviour of natural
systems may have unintended consequences for people and the things they
value. Vulnerability is the differential susceptibility to damage from hazards and
environmental change.

6. Consequences to people and things they value: Mediated by their vulnerability or
resilience, people are subject to the adverse consequences of changing environ-
mental conditions. The chain may be conceived as a closed loop because many
impacts of environmental change cause shifts in human demands (step 1).

Source: The causal chain is adapted from Clark et al. (2001).
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The basic idea displayed in figure 2 is that different task domains of STI for sustainabil-
ity investigate different causal links of the ecological interaction chain. Research and
development (R&D) often does not deal with all steps of a complex causal chain simul-
taneously but concentrates on selected causal links. This focus on specific causal rela-
tions is represented in figure 2 as the maximum of a schematic distribution curve. The
idealized distribution shows that each task domain is focused on a specific causal link,
while also considering links with the preceding and the subsequent causal step. For
example, the focus of research in the domain of "ecological modernization and indus-
trial transformation" (domain 1) is on "technologies and practices" (step 2) and the re-
sulting "flux of materials and energy" (step 3). The causal connection between the de-
sign and choice of technologies and the resource efficiency and emissions of technical
processes is at the core. More peripherally, the task domain also includes research on
the conditions of "human demand" (step 1), which determine the choice of technolo-
gies, and on "environmental properties"(step 4), for example the CO, concentration in
the atmosphere. In contrast, issues of vulnerability (step 5) and consequences of envi-
ronmental change (step 6) rarely figure prominently in R&D for ecological moderniza-

tion. The four domains shift in relation to each other.

STI capacity is an essential part of society's overall capacity for sustainable develop-
ment. The four task domains help to gain a more systematic view of respective STI
problems and capabilities. Such an overview is useful for STI research. Figure 2 is
based on an extensive review of current STI research topics in the areas of environ-
mental innovation research, environmental sociology, and social studies of science,
history of environmental sciences, and research in the human dimensions of global
environmental change. However, the content of each domain is much broader, encom-
passing knowledge from natural sciences, engineering and social sciences. The
scheme as such does not distinguish internal subdivisions of nature (e.g., geosphere—
biosphere, ocean-atmosphere-land, or ecosystems) or society (e.g., actors, social
groups, social arenas, or social systems). Thus, neither natural nor social science con-

structs are singled out in a fundamental way.
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Figure 2: Task domains of STI for sustainability

Focus of research
and innovation

A

(1) Ecological (2) Ecosystem (3) Environmental (4) Adaptation to
modernization & management risk assessment environmental change
transformation

(1) > ) > (3) > (4) >(5) > (6) >
Demand Technology / Material Environm. / Vulnerability/ Impacts

flows properties
Ecological interaction chain

Source: author

Figure 2 visualizes the role of knowledge in nature-society interaction. Four domains
of science, technology, and innovation (STI) for sustainability are distinguished (task
domains). Research in different task domains focuses on different causal links of the
ecological interaction chain (horizontal axis). This focus of research and innovation is
represented as the maximum of an idealized distribution curve (vertical axis). A de-
tailed description of the ecological interaction chain is given in figure 1.

Using examples, table 1 shows how STI capacity can be disaggregated for the pur-
poses of empirical study. We distinguish between R&D capacity and the societal ca-
pacity to link knowledge and action. R&D capacity encompasses (a) the cognitive and
technological capabilities which are defined by scientific theories, methods, data, in-
struments, models, terminologies, and practices of a research field (b) the scientists,
engineers, and social scientists; (c) the financial resources allocated to R&D; and (d)
private and public R&D organizations dedicated to the area of interest. R&D capacity is
commonly subdivided by S&T fields or disciplines, although it may also refer to multid-

isciplinary problems (first row in table 1).
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Defining the societal capacity to link knowledge and action is less straightforward. Each
task domain represents challenges of sustainable development, which means that the
task is derived from a societal perspective and not confined to research and develop-
ment alone. The challenge for STI research is to investigate the interplay between sci-
entific and technical developments with capabilities for environmental action in other
realms of society. The coupling of science and other functional social systems, primar-
ily business, politics, law, mass media, and education, is still an under-researched field
in contemporary sociology (Heinze 2006; Luhmann 1995; Weingart 2001). Table 1 pre-
sents a selection of societal categories that appear particularly useful for the study of
problem-solving capacity in this broader sense, without being comprehensive (second
row in table 1). These examples are also further elaborated in sections 1.2.1-1.2.4

below. In chapter 2 we discuss how these concepts can be operationlized.

A focus on social challenges and problem-solving inevitably introduces normative di-
mensions to STI research. Because there is no forceful social consensus on how to
attain a "sustainability transition" (Parris/Kates 2003), a certain danger exists that sus-
tainability-oriented STI research would become so politicized that it would lose scien-
tific credibility. On the other hand, STI research can offer valuable contributions to iden-
tifying and implementing feasible next steps. In any case, the recognition of normative
dimensions in STI research does not necessitate suppression of the empirical diversity
of actors' views on what constitutes environmental problems and viable solutions in

different social contexts.

There are some good models in the literature for the treatment of normative dimen-
sions in studies on the application of knowledge to social problems. For example, Clark
et al. (2001) recommend the use of metacriteria. These are "criteria for evaluating ef-
forts to link knowledge with action" and have been summarized under the headings of
"adequacy, value, legitimacy, and effectiveness" (definitions of criteria p. 15). Accord-
ing to the authors, this approach offers an "uneasy middle ground" between "imposing
on our empirical material a rigid normative framework of our own making" and "giving
up on the normative discussion by simply assuming that all outcomes are equal” (ibid:
14). Because normative aspects can rarely be circumvented altogether in research on

progress for sustainability, addressing them explicitly is certainly advisable.



Table 1:

Disaggregation of task domains for the study of STl capacity (selected examples)

STI Task Domain

(1) Ecological
modernization

(2) Ecosystem
management

(3) Environmental
risk assessment

(4) Adaptation to
environmental change

R&D capacity
(cf. chapter 2.1-2.2)

e Development of
green technologies

e S&T fields, e.g., engi-
neering, industrial ecol-
ogy, environmental eco-
nomics, political sciences

¢ Knowledge of ecosys-
tems and management
practices

e S&T fields, e.g., ecology,
soil sciences, agronomy,
marine & freshwater biol-
ogy, sociology, anthro-

pology

¢ Knowledge of environ-
mental risks and man-
agement options

e S&T fields, e.g., atmos-
pheric sciences, meteor-
ology, hydrology, ecol-
ogy, epidemiology, social
sciences

¢ Knowledge of impacts
and response options

o S&T fields, e.g., climate
sciences, agronomy, hy-
drology, medicine, eco-
nomics, migration studies

Capacity to link know-
ledge and action

(cf. chapter 2.3)

e Economic sectors

e.g., energy, mining, con-
struction, transport, pro-
duction industries, waste
management

e Socio-technical
regimes
e.g., automobile, per-
sonal computer, nuclear
energy, large technical
infrastructures as for
communication, water,
electricity, gas

e Economic sectors

e.g., agriculture, fishery,
forestry, water manage-
ment, eco-tourism, eco-
system restoration

e Environmental regimes

e.g., agricultural subsi-
dies, river basin man-
agement, exclusive eco-
nomic zones in the sea,
nature protection

¢ Risk communication
and policies

e.g., acid rain, strato-
spheric ozone depletion,
climate change, bio-
diversity loss

¢ Vulnerable groups or
regions
e.g., people on small is-
lands or near coasts, un-
derprivileged people, vul-
nerable age groups,

e Economic sectors

e.g., insurance & reinsur-
ance, construction, water
management, energy, ag-
riculture, biotechnology
o Markets

e.g., natural resources,
emission rights, technical
substitutes for ecosystem
services, changing con-
sumer demands

Source: author
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We contend that the four task domains together give a comprehensive picture of STl in
nature—society interaction, on a high level of aggregation. The schematic distribution in
figure 2 does not express quantitative estimates for the respective knowledge demand
or output, which are questions for empirical study. Rather, our purpose is to provide a
cognitive map for diverse STI research topics that are currently often fragmented by the
boundaries of traditional disciplines such as economics, political sciences, sociology,
engineering sciences, and earth and environmental sciences. We argue that problem-
solving capacity is suited to providing a common framework for STI research on na-
ture—society interaction. Among all four domains, probably the largest share of current
STI literature can be classified under the categories of ecological modernization and
transformation, and there is a substantial amount of mainly sociological literature on
topics of environmental risk assessment. Even a cursory review of the STI research
literature shows that these two domains have received far more attention by social sci-
entists than have ecosystem management and adaptation to environmental change. In
this sense, our aim is not only to systematize current research topics but also to high-

light upcoming and comparatively neglected themes.

The following sections (1.2.1-1.2.4) explain the content of the four STI task domains in
more detail. Each section gives a definition and refers to selected literature in STI-
related research. Most contributions come from a background in innovation economics,
political science, and sociology, and some from history. An example illustrates the
"task" in each domain. These illustrations are taken from engineering sciences (1.2.1),

ecology (1.2.2), social sciences (1.2.3), and climate research (1.2.4).

1.21 Ecological modernization and transformation

The defining task of the first STI domain is to reduce the environmental impacts of
socio-economic metabolism and to disconnect growth of the economy from natural
resource consumption. Correspondingly, the focus of knowledge creation is on the
choice of technologies and practices and the resulting flux of material and energy
(figure 2). This focus is explicit in the definition by Martin Janicke:

Ecological modernization refers to the wide spectrum of environmental improvements that can
be attained through technical innovations beyond end-of-pipe approaches (Janicke 2004: 201).
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"Environmental innovation" means the invention, adaptation, and diffusion of new tech-
nologies, products, and practices that are beneficial for the environment, and includes
both radically new solutions and incremental improvements.

Modernization, in economic terms, is the systematic, knowledge-based improvement of produc-
tion processes and products. The urge to modernise is a compulsion inherent in capitalistic
market economies, and the increasing competition for innovation in industrialised countries has
led to the continuing acceleration of technological modernization. (...) The task is therefore to

change the direction of technological progress and to put the compulsion for innovation at the
service of the environment (Janicke 2006: 11).

Strategies of ecological modernization emphasize the exploitation of environmental—
economic win—win situations where gains in eco-efficiency are connected with en-
hanced competitiveness at the level of firms, industrial sectors, or national economies
(Porter/van der Linde 1995; Taistra 2001). Ecological modernization includes improving
the management of material and energy flows in production processes as investigated
by "industrial ecology" (Daniels 2002; Haberl et al. 2004). These efficiency-oriented
modernization strategies are distinguished from deep change in technological and eco-
nomic structures. "Industrial transformation" or "transition" refers to the adoption of
radically different technological development paths, or "radical changes at the level of
socio-technical regimes" (Elzen et al. 2005; Smith et al. 2004: 113). As Janicke stated,
"Problem-solving in the form of ecological restructuring affects systems of behaviour
which — irrespective of technical eco-efficiency improvements — stand out by their high

environmental intensity" (Janicke 2005: 205).

There are few explicit treatments of R&D capacity for ecological modernization and
transformation from an innovation research perspective (cf. Legler et al. 2006), but
there are technological feasibility studies of modernization strategies which make as-
sessments of current technological capabilities. An example, described below in sec-
tion 1.2.1.1, is provided by the Swiss study on a "2000 Watt per capita industrial soci-
ety" (Jochem et al. 2004). Inventions on the part of engineering sciences play a central
role in ecological modernization, where they contribute to the development of greener
technologies. Yet technological developments are too often treated separately from the
economic and political aspects of modernization capacity. This observation leads us to
the question of how the dynamics of knowledge and action have been conceptualized

for this domain (table 1).
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STI capacity is part of society's broader capacity for sustainable development. Policy
analysts have shown that in the absence of strong price signals on resource markets
(e.g. high oil prices), "eco-innovations invariably require political support"
(Janicke/Jacob 2006: 12). Yet although the relationship between firms' innovativeness
and environmental policy has been a topic of some debate among economists and
political scientists (Hemmelskamp et al. 2000; Klemmer 1999), there is little systematic
research on capacity building for environmental innovation. We believe that economic
and socio-technical meso-scale concepts, such as economic sectors or socio-technical
regimes, are useful tools for the combined analysis of technological, economic, politi-
cal, legal, and other social aspects (cf. chapter 2). Inspired by Malerba's definition of
sectoral innovation systems (Malerba 2004), economic sectors are understood here to
delineate a combination of technologies, actors, and institutions that is relatively stable
over timescales of years to decades. Compared to sectors, the notion of socio-
technical regimes is geared to the study of more dynamic shifts or transitions in tech-
nology (Berkhout et al. 2005; Kemp/Loorbach 2006). "Socio-technical regimes are rela-
tively stable configurations of institutions, techniques and artefacts (...) that determine
the 'normal' development and use of technology in order to fulfil socially-determined
functions" (Smith et al. 2004: 114). The concept is also applied to large technical infra-
structures, such as those for traffic, communication, water, or energy (Konrad et al.
2004; Markard/Truffer 2006). On the basis of these and similar ideas, a more explicit

and detailed approach to the study of modernization capacity could be developed.

1.2.1.1 Example of of ecological modernization and transformation:

energy efficiency

Energy efficiency is an example of ecological modernization and restructuring that cuts
across economic sectors. The scope of the efficiency challenge was recently specified
by the vision of a "2000 Watt per capita industrial society", advanced by the board of
the Swiss Federal Institutes of Technologies (Jochem et al. 2004). An energy demand
of 2000 Watt, or 65 GJ, per capita per year, equals one-third of today's per capita pri-
mary energy use in Europe. Assuming a 70 % increase of GDP (gross domestic prod-
uct) per capita by 2050, the challenge of a 2000 Watt/cap society is to improve energy
efficiency by a factor of five. According to the study, an efficiency increase on this order

of magnitude is technically feasible within five decades.
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The authors maintain that pertinent sectoral interest groups and political actors are still
not sufficiently aware of the economic opportunities and co-benefits of a shift towards
resource efficient development paths. In particular, there is a conspicuous lack of stra-
tegic energy and STI policies. Energy-related R&D is still focused on the supply side,
i.e., on the efficiency of conversion steps from primary to useful energy and on renew-
able energy sources. By contrast, the saving potentials of the demand side are often
neglected, i.e., the reduction of the demand for useful energy per energy service (e.g.,
through low-energy buildings or lightweight vehicles) and options to reduce or substi-
tute certain energy-intensive uses (e.g., energy-intensive materials, motorized mobil-
ity). Overall efficiency gains of 60 %—80 % are deemed feasible in the aggregated de-
mand sectors of industry, transportation, residential uses, and commerce, public, and
agriculture. In total, reducing energy intensity is the most underestimated option in the
face of the pending peak of oil production and the need to reduce CO, emissions
(Jochem 2004).

The authors conclude that both energy and climate policy should be redefined as part
of an innovation policy that is essentially sustainability-driven. "The transition to a 2000
Watt per capita industrial society would need the support of a fundamental change in
the innovation system (e.g., research policy, education, standards, incentives, interme-

diates and entrepreneurial innovations" (Jochem 2006: 268, italics added).

1.2.2 Ecosystem management

The central task of the second problem domain is the long-term maintenance of essen-
tial ecosystem services. Palmer et al. (2004: 1253) stress that "our future environment
will largely consist of human-influenced ecosystems, managed to varying degrees, in
which the natural services that humans depend on will be harder and harder to main-
tain." The concept of ecosystem management does not refer only to the harvest of
specific natural resources, such as agricultural produce, but also includes our total de-
pendency on natural systems. The Millennium Ecosystem Assessment distinguishes
the following ecosystem services:

"An ecosystem is a dynamic complex of plant, animal and microorganism communities and the
nonliving environment interacting as a functional unit. (...) Ecosystem services are the benefits
people obtain from ecosystems. These include provisioning services such as food, water, tim-

ber, and fibre; regulating services that affect climate, floods, disease, wastes and water quality;
cultural services that provide recreational, aesthetic, and spiritual benefits; and supporting bene-
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fits such as soil formation, photosynthesis, and nutrient cycling. The human species, while buff-
ered against environmental changes by culture and technology, is fundamentally dependent on
the flow of ecosystem services" (Millenium Ecosystem Assessment 2005: v).

The growing human influence on the planet's ecosystems is accompanied by an in-
creasing knowledge intensity of ecosystem management. R&D capacity refers to the
scientific understanding of ecosystem functioning and to the development of more sus-
tainable management practices (figure 2). More knowledge is required not only to in-
tensify the harvest of targeted services, as in agriculture or fisheries (see example be-
low), but also increasingly to avoid degradation or collapse of valuable functions and
for ecosystem restoration. Topsoils offer a good illustration of this growth in knowledge
intensity. Although some techniques to combat erosion and nutrient depletion have
been practiced since ancient times, today's soil scientists claim that "soil ecosystems
are probably the least understood of nature's panoply of ecosystems and increasingly
among the most degraded" (McNeill/Winiwarter 2004: 1629). Desertification, erosion,
salinization, pollution, sealing, compaction, and nutrient depletion of soils restrict agri-
cultural production in many regions worldwide (Anon. 2004: 1614f.). The U.S. Geologi-
cal Survey in cooperation with agencies in the U.S., Canada, and Mexico recently initi-
ated a project with the long-term goal of a continental-scale soil geochemical survey of
North America. This project has been long awaited by scientists who maintain that soils
"are a sponge for pesticides and other nasty compounds filtering down from the sur-
face", but have "only a sketchy idea of how the ground copes with this toxic trickle"
(Proffitt 2004: 1617). More generally, an important element of R&D capacity consists of

technologies and observation networks to monitor natural system behaviour.

Compared to the domain of ecological modernization and transformation, there is much
less STI research on the dynamics of knowledge and action in ecosystem manage-
ment. One way to look at this empirically is through economic sectors that centre on
the management of renewable resources (table 1). A sectoral approach is not confined
to agriculture, forestry, and fisheries but involves many other sectors dealing in differ-
ent ways with ecosystem services, including management of freshwater, urban plan-
ning and construction, control of pests and diseases, tourism, and nature reserves.
Again, economic sectors are understood here to encompass a set of socio-technical
practices, a set of diverse actors, including firms, regulating agencies, research organi-
zations, and diverse stakeholder groups, as well as institutions and policies that influ-

ence actors' behaviour and the evolution of technologies.
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To some extent, the domains of ecosystem management and ecological modernization
overlap in a sectoral perspective. For example, intensive agriculture and fishery de-
pend on cheap fossil fuels, and agricultural innovation systems could be vastly im-
proved in terms of material and energy efficiency (Clark 2002; Pauly et al. 2003; Raina
et al. 2006). Yet ecosystem management typically requires specific knowledge of natu-
ral system functioning, a demand for knowledge that is not inherent to the domain of

ecological modernization.

Another way to look at relationships between science and decision-making is through
institutions that govern the use and management of natural resources (table 1). Institu-
tions that deal explicitly with environmental or resource issues have also been called
"environmental" or "resource regimes" (Young 2002). The analysis of environmental
institutions has made progress in recent years. An influential line of thinking features
generalizable design principles of common property institutions for "common pool re-
sources", such as the oceans or the global atmosphere (Dietz et al. 2003; National Re-
search Council (NRC) 2002). More recently, "institutional diagnostics" has been advo-
cated as a more case-specific approach to the analysis of existing institutions on local
to global scales. Institutional diagnostics seeks to identify important features of ecosys-
tem management issues "that can be understood as diagnostic conditions, coupled
with an analysis of the design implications of each of these conditions" (Young 2002).
Diagnostic conditions are specific combinations of ecosystem properties, actor attrib-

utes, and implementation issues.

Although the role of knowledge is a recurring topic in this institutional literature (e.g.
Young 2003), we believe that STI research has much to contribute to a more system-
atic understanding of interactions among environmental knowledge, innovation, actor
constellations, and environmental regimes. In this respect, STI research could also
build upon a rapidly growing body of literature that emphasizes the importance of citi-
zen participation and local knowledge in ecosystem management (Fischer 2000;
Kasemir et al. 2003).
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1.2.21 Example of ecosystem management: agriculture and fishery

The meaning of ecosystem management is well illustrated through practices with a
long history that continue to change the earth's ecosystems at a rapid pace, such as
agriculture and ocean fisheries. In some 10,000 years, humans moved from the inven-
tion of plant cultivation to global changes in vegetation cover (Turner/McCandless
2004). Today, "croplands and pastures have become one of the largest terrestrial bi-
omes on the planet (...) occupying ~40 % of the land surface" (Foley et al. 2005: 570).
Agricultural production must be further expanded and vyields increased in order to re-
duce hunger (there are 852 million chronically hungry people in the world today) and to
feed a growing global population (an estimated increase of 2 billion people by 2030;
figures from the UN Food and Agriculture Organization FAQO). According to the Interna-
tional Food Policy Research Institute, "global cereal production is estimated to increase
by 56 % between 1997 and 2050, and livestock production by 90 %" (Rosegrant/Cline
2003: 1917). Yet intensive farming has strong adverse effects on the environment.
Among the pervasive negative impacts are soil degradation, overexploitation of water
resources, eutrophication of freshwater and coastal ecosystems, global biodiversity
loss (ranging from rainforests to agro-biodiversity), and the release of greenhouse

gases.

While agriculture is based on the maintenance of impoverished terrestrial ecosystems,
fisheries continue to overexploit the world's marine biological resources. "The past
decade established that fisheries must be viewed as components of a global enter-
prise, on its way to undermine its supporting ecosystems" (Pauly et al. 2003: 1359).
Global marine fisheries landings are estimated to have peaked in the late 1980s at 80
to 85 million metric tons and are declining by about 500,000 tons per year. Marine
ecologists describe present trends as "fishing down marine food webs" (ibid.). Ecosys-
tem-based fishery management would essentially "reverse the order of management
priorities to start with the ecosystem rather than the target species" (Pikitch et al. 2004:
346). Apart from a massive reduction in fishing effort, abatement of coastal pollution
and the establishment of networks of marine reserves are deemed necessary to return
to sustainable yields and reduce the threat of species extinction (Pauly et al. 2003:
1359-1361).
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1.2.3 Environmental risk assessment

The central task of the third domain is the anticipation, analysis, and evaluation of envi-
ronmental risks — those risks caused by variability and change in environmental phe-
nomena — and effective response options. Environmental hazards such as storms,
floods, droughts, or pests have always threatened human life and prosperity
(Nigg/Mileti 2002). In addition to natural variability, this domain encompasses all haz-
ards caused or increased by anthropogenic environmental change, including risks of
anthropogenic climate change or health risks caused by the spread of toxic chemicals
and radiation. STI activities are focused on variability and change in environmental
properties on different temporal and spatial scales and on the vulnerability of people
and things to hazards or the negative consequences of altered environmental condi-

tions (figure 2).

In a landmark comparative study on the management of global atmospheric risks, the
Jager et al. give the following definition of risk assessment:

A risk assessment provides information about the causes, possible consequences, likelihood,
and timing of a particular risk. Risks by definition involve uncertainties, and especially for global
environmental processes these uncertainties are so large that the usual features of risk as-
sessment — namely, the calculation of probabilities of specific harm from particular activities,

natural or manmade — are swamped by larger uncertainties and ignorance about key proc-
esses, interactions, and effects (Jager et al. 2001: 7).

In the context of STI research, risk assessment means more than just scientific reports
or policy recommendations. Following Farrell and colleagues (2006), risk assessment
is understood here as a social process that bridges scientific knowledge creation and
decision-making by governments or industries: "Environmental assessment refers to
the entire social process by which expert knowledge related to a policy problem is or-
ganized, evaluated, integrated, and presented in documents to inform policy choices or

other decisionmaking" (Farrell/Jager 2006: 1).

From the perspective of sociological systems theory, risk assessment is a mechanism
to communicate about new or complex environmental problems in the context of a
functionally differentiated society (cf. Luhmann 1986; Luhmann 1993). As a conse-
quence of an environmental problem's novelty or complexity, the available scientific
knowledge is often incomplete or uncertain and in part contentious. Yet in an apparent
paradox, this scientific uncertainty frequently augments the expectations that the legal

and political system, the mass media, and the public direct at scientific experts and
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expert knowledge (Weingart 2003b). Ever since environmental consciousness arose in
the 1960s and early 1970s, the demand for this type of assessment has been on the

increase.

Since the time of the United Nations Conference on the Human Environment (UNCHE)
in Stockholm in 1972, industrialised countries enormously expanded their R&D capac-
ity for environmental risk assessment, including scientific knowledge of environmental
risks, the underlying behaviour of natural systems, and options for risk prevention and
mitigation. While sociologists showed great interest in the topic of risk and risk percep-
tion (e.g. Beck 1992; Grundmann 1999; Luhmann 1993), this expansion of R&D capac-
ity has rarely been studied by sociologists of science or STl research. To our knowl-
edge, there are no detailed studies on the socio-technical development of observation
systems that monitor conditions on land, in the oceans, and in the global atmosphere
and provide input for simulation models. Yet new observation systems such as the es-
tablishment of a Global Earth Observation System of Systems (e.g. Lautenbacher

2006) will change our view of the global environment in fundamental ways.

Policy analysis offers a rich conceptual toolkit to dissect the evolution of socially con-
tested issues, and this toolkit has been adapted and refined in studies of risk-related
policies. One of the largest undertakings in this area is the study by the "social learning
group”, an international group of 37 scholars who investigated policy development in
three atmospheric risks across nine countries and in two international arenas between
1957 and 1992 (see section 1.2.3.1). A major objective of their study is to trace proc-
esses of "social learning", a concept that is similar in some respects to the idea of ca-
pacity building (Social Learning Group 2001a: 13f.). Another influential idea in this con-
text is the notion that communication between science and politics can be enhanced
through skillful "boundary management". Determinants of effective boundary manage-
ment have been investigated for boundary organizations (Guston 1999; Guston 2001),
issue domains (Social Learning Group 2001a; 2001b), and assessment processes
(Farrell/Jager 2006). Actors who take this problem seriously are found to invest overall
more time and resources in "communication, translation, and/or mediation" between
scientists and decision-makers and "thereby more effectively balance salience, credibil-

ity, and legitimacy in the information that they produce" (Cash et al. 2003).
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A different way to think about the capacity to link knowledge and action is to focus on
social groups or regions believed to be particularly vulnerable, for example coastal ar-
eas vulnerable to the risk of sea level rise. Vulnerability is a term for the differential
susceptibility to loss from a given insult (Kasperson et al. 2001: 24). Vulnerability
analyses explain why certain individuals or populations are more likely to be exposed,
are more sensitive to adverse impacts, or have less adaptive capacity in the face of
changes in environmental conditions or environmental hazards. As Kasperson et al.
(2001: 5) described it, "Vulnerability is a function of variability and distribution in physi-
cal and socio-economic systems, the limited human ability to cope with additional and
sometimes accumulating hazard, and the social and economic constraints that limit
these abilities". The Intergovernmental Panel on Climate Change describes vulnerabil-
ity as a function of the sensitivity of a system to changes in climate, its adaptive capac-
ity, and the degree of exposure to climatic hazards; and "resilience" as "the flip side of
vulnerability" (Houghton et al. 2001: 89). STI research on vulnerable groups or regions
could contribute to the investigation of social responses and adaptive processes trig-
gered by the expectation of increased environmental risk and long-term change in envi-
ronmental conditions. The concepts of vulnerability and resilience have also been used
to build bridges between ecological and social sciences (Berkes et al. 2003; Luers
2005; Turner et al. 2003).

1.2.31 Example of environmental risk assessment: policy evolution in

three cases of global atmospheric risk

The social learning group investigated the three atmospheric risks of acid rain, strato-
spheric ozone depletion, and climate change in the period from the International Geo-
physical Year in 1957 to the United Nations Conference on Environment and Develop-
ment (UNCED) in 1992 (Social Learning Group 2001a; 2001b). The study compares
issue evolution across eleven political "arenas”, including nine countries, the European
community, and the family of international environmental organizations. The study de-
scribes policy along two dimensions: one focusing on "problem framing, agenda set-
ting, and issue attention in individual arenas"; the other comparing management func-
tions across arenas: "risk assessment, option assessment, goal and strategy formula-
tion, implementation, evaluation, and monitoring" (Clark et al. 2001: 6). By means of

this empirical design, a constructivist analysis of issue development in social arenas is
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successfully integrated with a realist perspective of problem content as defined by the

contemporary state of knowledge in earth and environmental sciences.

124 Adaptation to environmental change

The central task of the fourth domain is the adaptation of society to long-term environ-
mental change. In relation to the other three task domains, knowledge creation is fo-
cused on the consequences of environmental change and their implications for human
demand in goods and services. Adaptation is more difficult to demarcate as a domain
of STl because adaptation is located on the social pole of the ecological interaction
chain (figure 2). To date, the term is most common in the context of climate change, as

illustrated by the example below (section 1.2.4.1).

In the book "Earth System Analysis for Sustainability”, leading scientists in international
research on global environmental change give a clear but very general definition of
societal adaptation:

Throughout history, society has responded in two principal ways to environmental vagaries, flux,
hazards, and drawdown, including resource depletion: move, either through designed mobility
as in pastoral nomadic systems or 'forced' relocation owing to environmental or resource degra-
dation (...) and change techno-managerial strategies, as in the adoption of fossil-fuel energy or
genomics. (...) The second option — to modify or transform biophysical conditions in order to

gain a measure of 'control' over some portion of the environment or to deliver a substitute for a
depleted resource (...) [is] labelled technological fix and substitution (Steffen et al. 2004b: 331).

From a macro-historical perspective, it becomes apparent that the two options of relo-
cation and changes in techno-managerial strategies are inseparably bound in the his-
tory of the modern world. In the 18th century, Europeans expanded the agricultural
resource base of their economies to distant continents: North and South America for
food, fibre, and timber production, and Africa for a slave labour force. Leading scholars
of world history argue that this earlier expansion of the renewable resource base is
essential to explain the later take-off of the industrial revolution and the historical diver-
gence between development centres in western Europe and east Asia (Pomeranz
2000). In other words, Europeans combined the "move" strategy of territorial expansion
with the "techno-managerial" innovations of early capitalism. As a result, the most de-
veloped centres of the West escaped the growth constraints of limited renewable re-
sources within their home countries, long before agricultural technologies were revolu-
tionized in the 20th century. Kenneth Pomeranz (2000) argues that in the early modern

world, limits in the regional output of renewable resources constrained technology-
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based economic growth in the most-developed regions and that different ways to cope
with this problem are essential to explain the historical divergence of development

paths in China and western Europe.

Viewed from this angle, long-distance trade has substantially supplanted "move"
strategies in the modern world, at least for those who enjoy affluence in a globalized
economy (cf. Pomeranz/Topik 1999). External trade in agricultural and manufactured
goods implies exchange relations among countries with regard to their ecological carry-
ing capacity. However, to date this ecological balance of trade is not explicitly ac-
counted for. Although accounting tools are being developed to determine the overall
"ecological footprint" of nations (http://www.footprintnetwork.org), it remains methodol-
ogically challenging to quantify export and import relations among countries for particu-
lar ecosystem services. Recent studies of "green water" flows are a good example
(SIWI et al. 2005). Markets and long-distance trade are among the most basic mecha-
nisms for society to perceive and to adjust to changes in the abundance of non-
renewable (e.g. oil) and renewable natural resources. At the same time, "globalization
enhances the likelihood that those parts of the world involved in active trade with each
other will reach many of their limits more or less simultaneously" (Meadows et al. 2004
222). This situation only underlines the difficulty of separating broad issues of adapta-
tion from the analysis of economic and power relations among nations and social

groups.

The contours and core themes of this STI task domain will manifest themselves as the
21st century advances. For the more narrow purposes of STI research, "adaptation”
can be confined to technological fixes of environmental problems and new economic
opportunities that arise from altered environmental conditions and reduced abundance
of natural resources. Adaptation processes in this narrow sense are often incremental,
at least initially, and determined by multiple social factors (Smit et al. 2000). Further-
more, adaptive responses are likely to trigger innovations in the STI domains of "eco-
logical modernization" or "ecosystem management". For instance, an adaptive re-
sponse to regional climate change might consist in technologies that increase the effi-
ciency of agricultural water use. Thus, adaptation pressures might act as positive feed-
back that propels the ecological interaction chain towards more sustainable socio-

technical trajectories.
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1.241 Example of adaptation to environmental change: studies in

regional climate change

Climate change is the topic that dominates the current literature on adaptation. "Cli-
mate changes are likely to manifest in four main ways: slow changes in mean climate
conditions, increased interannual and seasonal variability, increased frequency of ex-
treme events, and rapid climate changes causing catastrophic shifts in ecosystems"
(Tompkins/Adger 2004: without p.).

Adaptation to slow changes in variation can be expected to at least initially rely upon
similar means and strategies that were developed to cope with natural variability (Smit
et al. 2000). Today, most regional impact assessments focus on climatic extremes
(e.g., droughts or floods or hurricanes). Further research is needed on methods to inte-
grate regional and global climate modelling because the resolution of global climate
models is currently too coarse for regional impact assessments (Steffen et al. 2004b:
327). Yet various countries are beginning to integrate regional climate change scenar-
ios into strategies for long-term natural resource management, e.g., for water supply,

agricultural crops, and energy demand.

Adger et al., stated that "There have been documented adaptations in markets such as
insurance and reinsurance, coastal planning, health interventions, built environment,
water resources and adjustments and adaptations within resource-based livelihoods"
(Adger et al. 2005: 85). For example, in many river basins worldwide, mountain snow
cover functions as a natural reservoir that stores winter precipitation and gradually re-
leases water during the spring and summer seasons. If mountain snow is permanently
reduced as a result of warmer or drier climates, it may become necessary to build more
artificial reservoirs, to transfer water from more distant rivers and aquifers, or to reduce

substantially water consumption during seasonal dry periods (e.g. Carle 2004).
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Conclusion

This paper presented a comprehensive outline of the problem space of STI research

for sustainability. We distinguished between four major task domains:

1. Ecological modernization and transformation: reducing the environmental impacts
of the socio-economic metabolism and disconnecting growth of the economy

from natural resource consumption;

2. Ecosystem management: long-term maintenance of essential ecosystem ser-

vices;

3. Environmental risk assessment: anticipation, analysis, and evaluation of envi-

ronmental risks and response options; and

4.  Adaptation of society to long-term environmental change.

For all four respects, knowledge is bound to become increasingly important in human-
ity's relationship to the natural environment over the coming decades, related to the
fact that society is approaching ecological limits on regional and global scales
(Clark/Dickson 2003; Meadows et al. 2004). This increase in knowledge intensity de-
serves more attention from STI researchers. One way to achieve this focus is to inves-
tigate the societal development of STI capacity, understood to encompass both R&D
capacity and the capacity to link knowledge and action between different spheres of

society (chapter 2).

This chapter did not discuss the global distribution of STI capacity (chapter 3), but tar-
geted presentation of a cognitive map of STl research topics. Today, environment-
related STI research is still fragmented in what are often peripheral niches of major
disciplines, such as economics, political science, sociology, and the history of science.
We argue that by linking related ideas and findings from social sciences and connect-
ing them with research in engineering sciences and earth and environmental sciences,
STI research could move to the heart of human—environment relations to enhance our

understanding of the creation and uses of knowledge for sustainability.
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2 How can capacity development be operationalized?

Capacity is a vague term. Its vagueness originates from the fact that the "capacity" of a
country or an organization is based on human, mental powers which are augmented by
technologies (see Harré 2002). It is not possible to definitively fix the meaning of the
term because it is charged with the diversity of values and cultural practices through
which people are first enabled to perform outstandingly in the fields of science, tech-
nology and art (see Macintyre 1985). Capacity is therefore closely linked with the di-
verse conceptions of scientific and technological, but also more generally, cultural

achievement.

Despite the fact that the term capacity is open and vague, it is still the most appropriate
for the task before us. This chapter examines the question of how STI capacity for sus-
tainable development can be understood and operationalized, i.e. made measurable.
We propose three different approaches presented in the order of increasing methodo-

logical complexity, although it is also possible to combine all three approaches.

The first approach is a quantitative description modelled on science and technology
statistics. Patents and scientific publications are the most important indicators of this
way of measuring performance. The second approach looks at the content and applica-
tion context of scientific and technological achievement. This is mainly concerned with
environmental efficiency and environmental quality criteria as well as with measuring
the diffusion of environmental innovations. The third approach regards capacity as rela-
tively stable conditions for action in constellations of social actors. The starting point for
this view is Martin Janicke's model of environmental policy performance (Janicke 1997;
Janicke/Jacob 2006). Following on from table 1, chapter 2 explains the operationaliza-
tion of the term of environmental policy capacity with the help of the meso level con-
cepts of "sectoral innovation system”, "technological regime" and "environmental or

resource regimes".

21 Science and technology indicators

Science and technology indicators (S&T statistics) form a sub-field of innovation re-
search, the methods and insights of which can be used to form a basis for measuring

sustainability STI. We have the following questions in mind: What should S&T statistics
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record? How are the constructs involved usually operationalized? What can be learned
from this for developing S&T statistics of sustainability and how can existing methods

be adapted to sustainability research?

S&T statistics regard the scientific and technological performance of national econo-
mies or organizations. They define "performance" as the quantity of produced S&T
outputs. These outputs are differentiated, among others, by science and technology
fields, product groups or sectors. Both the absolute quantity and the efficiency of pro-
ducing the results are considered: S&T statistics aim to depict the input and output of
innovation processes as well as the ratio of the two. This form of performance meas-
urement is an instrument for information, benchmarking and consequently for the opti-

misation of innovation processes.

As a statistical measurement theory, innovation statistics has only a very limited inter-
est in scientific or technological accomplishment as such, i.e. in the content and bene-
fits of S&T performance; this applies to both individual discoveries and to performance
on an aggregated level. Here, the quantitative comparison of one type of object, mainly
of national economies, research institutions and companies with regard to their per-

formance and efficiency replaces any evaluation of content.

Measuring quantities presumes a uniform "currency" in which S&T achievements are
able to be compared. Scientific publications and patents of technical inventions are
among the best known S&T indicators. The citation of publications or the production of
university degrees, e.g. of masters or PhDs, are also conventional indicators of the
science system's output. Other examples on the output side are the share of R&D-
intensive4 goods in the foreign trade of an economy or the share of newly developed
products in the turnover of a company. The variables mentioned last measure the sig-

nificance of innovations for market success.

The input side concerns the supply of resources for producing new S&T outputs, i.e.
investments in the innovation process. Usually indicators of R&D expenditures and
R&D personnel are listed here, or, for example, the share of highly qualified employees
in total employees (e.g. human resources in science and technology occupations

HRSTO). At the national level of analysis, R&D expenditures are distinguished accord-

4 R&D means "research and experimental development".
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ing to the sector of origin and the sector of performance (public, corporate sector, uni-
versities, others). The standardization and diffusion of S&T statistical methods is being
driven primarily by the OECD and also by the EU Commission (OECD 2002; OECD et
al. 2005). Standard references on the methodology include Moed et al. (2004); van
Raan (1988), and the journal "Scientometrics”. S&T indicators are also widely used
outside of scientific publications, mainly in policy related documents. The history of
S&T statistics is described in Cozzens (1997).

To summarize, it can be stated that scientific and technological performance can be
described statistically. S&T statistics are suitable for comparing the performance of
countries or organizations albeit at a level which abstracts from the content of scientific

and technological achievement and its application possibilities.

In order to transfer the methods of S&T statistics to measuring the performance of sus-
tainability research, to start with, already tried and tested indicators can be adapted to
the different subject area. In addition, new databases should also be created because
the existing ones show methodological restrictions with regard to the subject of sus-
tainability. The first attempts to adapt established indicators have already been made.
The creation of new databases is more difficult because this is associated with higher

investment costs.

In a study on behalf of the German Federal Environmental Agency, Legler et al. (2006)
examined the performance of the German environmental industry and used innovation
indicators to analyse environmental technologies, including patent applications and
foreign trade with environmental goods. The background to the study is the current
political debate about the environmental industry as a promising export-oriented sector
and job machine which builds on Germany's recognized technical specialization in me-

chanical and systems engineering.

As far as the input side is concerned, i.e. investment in STI capacity building, this study
found that the availability of internationally comparable data is still very limited. Accord-
ing to OECD data, the share of public spending on environmentally-related R&D in
Germany in 2001 amounted to 3.4 % of total, civilian public R&D spending compared
with 3.2 % in the EU (EU-15) in total and 2.3 % as an average of the OECD countries
(Legler et al. 2006: 62). So far, there are no statistics available on specific personnel

capacities.
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The patent analysis of Legler et al. is a good example for the adaptation of conven-
tional STI indicators. The objective of this patent analysis is to describe the position of
the German environmental industry in international technology competition, i.e. a com-
parative measurement of capacity. The methodological adjustment consists in the defi-
nition of suitable technology fields based on the system of international patent classifi-
cation (IPC). Legler et al. examine six fields of technology: waste technology, water
pollution control, noise control, air pollution control, recycling, and measurement and
control technology. An analysis was made of patent applications to the European Pat-
ent Office from all over the world. The results show the development of patent numbers
over time, Germany's share in total European patents and demonstrate in which of the
cited fields Germany and other industrial nations show an above average patent activ-

ity (specializations).

The IPC classification system makes a detailed categorization of technology fields pos-
sible which can be further refined using keywords. Since all patent applications to a
patent office are recorded in full in the patent databases, there is nothing to stop a
search for sustainability-relevant technologies. However, there are methodological limi-
tations from the fact that technologies which greatly increase the efficiency of environ-
mental consumption and whose use thus greatly benefits the environment cannot al-
ways be subsumed under a separate category of "environmental technology". Refrig-
erators running on propane gas, for example, are more environmentally-friendly with
respect to protecting the stratospheric ozone layer than fridges using CFCs as the cool-
ing agent, without the propane gas fridge itself being able to be labelled an environ-
mental technology. The same thing is true for industrial production processes. The sus-
tainability discussion usually deals with this issue by distinguishing between "inte-
grated" and "additive" environmental technologies (Janicke et al. 1999). Additive envi-
ronmental technologies are understood to be downstream, add-on technologies which

have hardly any effect on the original process, e.g. emissions filters.

When constructing patent indicators, there is the problem that an additive technology
can be comparatively easily identified and recorded as an environmental technology,
whereas the demarcation based on IPC classes causes problems for integrated tech-
nologies. In some cases the environmental benefit only results from the application, not
from the invention itself. In any case, the selection of "integrated" environmental inven-

tions, i.e. having to distinguish between comparatively clean technologies and their



How can capacity development be operationalized? 43

environmentally more harmful alternatives, places high demands on the researcher's
knowledge of the technology involved. This problem is also evident in Legler et al.'s
operationalization since four of the six technology fields examined here clearly refer to
additive technologies (waste technology, water pollution control, noise control, air pollu-
tion control), while the other two (recycling, measurement and control technology)

could include both kinds of environmental technology.

With the limitations cited, patents can already be used today to measure performance
in the field of environmentally-relevant technologies as shown by the example. How-
ever, considerable research still has to be done in order to be able to better describe
the development of integrated environmental technology using patent indicators be-
cause precisely these integrated or clean technologies comprise a core part of the in-

novation activity in the task domain (1) "Ecological modernization and transformation"”.

Another example for the adaptation of conventional indicators is given in the second,
empirical part of this study. Chapter 3 deals mainly with the question of why environ-
mental research fields are internationalized to a differing extent. Further, we also exam-
ine the suitability of the database Science Citation Index (SCI) for the purposes of sus-
tainability-related S&T indicators. The SCI is a multidisciplinary database with a focus
on the field of biomedical sciences. Currently a total of approximately 5,900 journals of
science and technology are covered in the database. There are clear statements about
the suitability and the limits of the SCI in general as a base for measuring and evaluat-
ing science in the literature (Barré 2004; van Raan 2004; Weingart 2003a; Zitt et al.
2003). However, the coverage of environmental research topics in the SCI has not yet

been systematically described.

Our examination of the SCI arrives at the following results (see 3.2):

1. Of the total approximately 170 subject categories of the SCI, 21 refer explicitly to
environmentally-related research topics (individual fields are listen in figure 3). In
2003-04, these 21 categories contained approximately 8 % of the total number of
publications in the database. Since the specialist scientific journals are opera-
tionalized into subject categories oriented towards a particular community of ex-
perts, the subject categories represent an organization of specialist environ-

mental knowledge in the SCI.
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The environmental science fields in the SCI can be grouped into three main cate-
gories as regards content: geosphere, biosphere and environmental manage-
ment & engineering. This categorization of the contents is supported empirically

by an analysis of the field overlaps (figure 6).

The four task domains described in chapter 1 deal with interdisciplinary applica-
tion contexts which do not match the specialist differentiation of science in the
SCI. The operationalization resulting from the SCI subject categories is too
coarse to be able to allocate publications to task domains. However, individual
fields can be classified in terms of their main focus, e.g. environmental engineer-
ing to task domain 1 (ecological modernization), marine and freshwater biology

and ecology to task domain 2 (ecosystem management).

Subiject categories in the SCI can be used for a comparison of national speciali-
zation profiles in environmentally-related research. Figure 3 shows the specializa-
tion profile of Germany in comparison to Australia, Canada, and Sweden, as
three countries with marked specializations in earth and environmental sci-
ences.> Germany has a negative specialization (-10.5) concerning the total of all
21 fields, but there is a positive specialization (+21.8) in research on the geo-

sphere. Further information on the 21 fields is given in table 3.

The SCI subject categories are primarily suited to capacity comparisons within
the environmental fields of the natural sciences. In contrast, environmental tech-
nologies are only weakly represented with less than 6.7 % of the publications in
all 21 environmental fields (2003-04). Thus there is insufficient coverage in the

SCI database of scientific innovations in ecological modernization.

National specializations are represented by the relative literature advantage (RLA) which is
defined as:

RLA =100 * tanh In [(ij / ZJ' ij) / ( Zk ij / Zij ij)]

P, refers to the number of publications from country k in the field j.
The hyperbolic index is symmetrical and bounded to + 100 (cf. Grupp 1998: 158).
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Figure 3:

Specialization in earth and environmental sciences, 2003-04:

Comparison of Germany, Australia, Canada, and Sweden
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In order to place the bibliometric capacity measurement on an improved methodologi-
cal base, new literature databases should be set up to record specialist journals with
environmental science and technology topics. More reliable and more differentiated
statements about the R&D capacity could then be made based on this kind of an ex-
tended database including research in applied science domains and in non-English

speaking countries.

Two extensions are recommended to the SCI in its present form. First, the choice of
specialist journals should be less selective than in the SCI and instead aim at complete
coverage of all subject areas related to sustainability. This is because application-
oriented journals and science domains also play a substantial role in sustainability re-
search. Secondly, and related to this, the languages covered should be greatly ex-
tended. Today, the majority of journals in the SCI are written in English, which means
that scientific results from many other countries are underrepresented (van Leeuwen et
al. 2001). It is conceivable that all the languages used by large groups of scientists as
their native tongue could be incorporated in a joint database, e.g. Japanese, German,
French, Chinese, Spanish, Russian and Arabic specialist journals. As a countermove,

the specialist subject group could be defined more tightly than it is in today's SCI.

In order to be able to make international comparisons, the bibliometric search on the
basis of keywords would have to be possible in each main language used. For this rea-
son, alongside the issue of multi languages, there are also high demands placed on the
indexing of publications using keywords, although the translation of keywords can be
automated to a large extent. For bibliometric analysis, it is also desirable to have a
complete record of the institutional affiliations of all the authors involved and possibili-
ties for citation searches. The last two functions are now distinctive characteristics of
the SCI database and related products of its provider Thomson Scientific (SSCI, AHCI).

2.2 Eco-efficiency and diffusion of environmental

innovations

The most obvious objective of capacity measurement is to assess science and tech-
nology performance as such, in terms of its content and its application possibilities.
This view is also closest to the perspective of researchers and inventors. From an envi-

ronmental perspective, an important role is played by the achievable degree of effi-
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ciency or of environmental protection and the diffusion of environmentally-friendly tech-
nologies. The perspective with regard to content is complementary to the S&T statistics
discussed in section 2.1, which abstract from content and are geared to the quantitative

comparison of the output of publications, patents etc.

Methodologically, the capacity of S&T for sustainability does not differ in principle from
any other S&T capacity. It is primarily a measure of how human needs are satisfied
and human abilities extended by means of scientific discoveries and technological in-
novations. In a societal framework, each S&T capacity can in addition be assessed
according to its value in economic exchange relationships (market potential, e.g. new
products) as well as according to its strategic value in the political-military constella-
tions of its age (political-military potential, e.g. more dangerous weapons). In addition to
this, other symbolic meanings may be linked with S&T capacities, e.g. as symbols of

social status or religion.

The evaluation of the contents of S&T capacity faces the basic problem that the human
needs and abilities which are satisfied or extended by S&T are infinitely varied. Sus-
tainable development concerns mainly, but not exclusively, the basic human needs for
food, shelter, clothing, security, health, knowledge, communication, mobility etc. How

should this variety of capacities be conceptualized and progress evaluated?

A central principle in the evaluation of cultural achievements is that the terms in which
these achievements are described and the benchmarks against which they are meas-
ured only evolve themselves in the course of cultural practices and are not predeter-
mined externally. This principle applies to achievements in science and technology as
a subset of all cultural capacities. The capacity description evolves with the technology,
the criteria are "internal" to this context: What exactly the capacity consists of in its es-
sence cannot usually be described without reference to the underlying (or another
comparable) science and technology practice. You can only evaluate achievement if

you have at least a rudimentary command of the practice (see Macintyre 1985).

An everyday example for technology-specific categories of judging capacity are PS,
acceleration and cubic capacity as criteria for a passenger car; or the evaluation of
airplanes according to speed, altitude and range. The same principle of defining inter-

nal capacity also applies to knowledge and inventions which can contribute to sustain-
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able development, e.g. the filtration capacity of a nanotechnological membrane in

wastewater technology.

Characteristic for the topic of sustainability is the additional external reference to eco-
logical criteria when regarding capacity, i.e. to the state of ecological life support sys-
tems on a planet with finite resources and a finite capacity for absorbing emissions.
Concrete requirements for S&T outputs can be derived from this external reference
point: first the requirement to manage the consumption of resources and environmental
sinks as carefully and efficiently as possible and secondly to recognize the state of vital
ecosystems, to monitor these and if possible to manage them. These ecological re-
quirements function as external criteria which can be used to evaluate a great variety of

S&T achievements.

Chapter 1 proposes specifying the subject matter in more detail and distinguishes the
four task domains: (1) Ecological modernization and transformation, (2) Ecosystem
management, (3) Environmental risk assessment and (4) Adaptation to environmental
change. This distinction also represents a system of the demands made of science and
technology for sustainable development. On the basis of external criteria such as the
efficiency of environmental consumption and the ability to manage ecosystem services
or to forecast environmental risks, concrete operations can then be developed to

measure performance.

Capacity can then be interpreted in different ways. First, "capacity" can mean the best
available technology world-wide or the best available practice. This concerns the
maximum efficiency or the maximum environmental benefit which can be achieved with
the respective current state of knowledge. In this sense, building capacity refers to ab-
solute capacity increase and advances in universal knowledge independent of where
these results are applied and whom they benefit. Second "capacity" can refer to the
range of the application, i.e. to the diffusion of new knowledge and technologies. The
second aspect is especially important for social science STI research because signifi-
cant environmental effects usually only result from the diffusion of environmental inno-
vations. A current policy instrument that aims to promote both kinds of capacity in-
crease, i.e. an absolute increase in performance and increased technology diffusion, is

the Japanese Top Runner programme (table 2).
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Figure 4: Share of passenger cars equipped with catalytic converters (%).
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Source of data: Beise et al. (2003); Figure in Janicke/Jacob (2006: 32).

The national and international distribution of environmental innovations can be meas-
ured using diffusion indicators. There are already several studies on the diffusion of
individual environmental technologies in the literature on innovation research (cf. over-
view in Beise et al. 2003 on automobile catalytic converters, fuel-efficient passenger
cars, wind energy, substitutes for CFCs in domestic refrigerators) and on the genera-
tion of lead markets (see table 2 for this term). Figure 4 shows one example of a diffu-
sion indicator from a study by Beise et al. on the diffusion of automobile catalytic con-
verters. Suitable data sets on technology diffusion probably also exist in the form of
market studies in environmental technology sectors, but these have not yet been

evaluated from the perspective of capacity building.
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Table 2: Increasing performance and diffusion via dynamic standardiza-

tion: the example of the Japanese Top Runner programme

The Top Runner programme of the Japanese government is regarded as ground-
breaking internationally for its dynamic efficiency standards.6 The Top Runner ap-
proach splits technologies into different product groups and sets the standard for
each group based on the currently best available product on the market within a
group (e.g. water consumption of a 5kg washing machine: 45 |). This new standard
then has to be achieved by all products of the same category within a certain limited
period (e.g. 5 years). Products which do not comply with the efficiency standard may
no longer be sold on the market after this deadline has passed.

The simple standardisation illustrates the operationalization of environmental criteria.
In the Japanese case, this mainly concerns the energy efficiency of electrical and
electronic appliances including refrigerators, electrical rice cookers, air conditioning
systems, DVD recorders, computers, copiers, water boilers but also passenger cars
and lorries. The current standards and methods used to determine and evaluate
them are presented on the website of the responsible ministry.”

The main innovation of the Top Runner approach consists in the institutionalization of
an efficiency competition in which the standards can be increased dynamically by the
market suppliers themselves. A company which succeeds in beating the efficiency
level of rival products sets the obligatory standard within that product group for the
next period. From a company perspective this means a strategically calculable com-
petitive advantage. The procedure provides for a periodic increase in the standard,
where each new standard is defined by the best product on the market. In this way,
the diffusion effect of the standard is combined with an incentive for far-reaching en-
vironmental innovations.

The Top-Runner Programme is not only targeting this diffusion effect on the national
market. The Japanese government aims to use this instrument to develop the Japa-
nese market into a global lead market for energy-efficient appliances. In other words,
the intention is that Japanese products become technology leaders in international
competition as a result of the stricter national standards. Behind this is the expecta-
tion that high energy efficiency will become a competitive advantage on foreign mar-
kets, too, in the near future, and that important trade partners like the US or Europe
will also raise their statutory efficiency standards in future.

6
7

http://www.bmu.de/produkte_und_umwelt/oekodesign/top_runner_ansatz/doc/39038.php

http://www.eccj.or.jp/top_runner/index_contents_e.html
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Overall there is still a considerable need for research into applying diffusion measure-
ments as indicators of capacity. Questions of S&T diffusion not only affect the task do-
main of ecological modernization, but equally the field of ecosystem management, for
example with regard to the diffusion of measurement and monitoring methods (e.g.
monitoring water quality), but also methods of resource management (e.g. avoiding soil
erosion, efficient irrigation techniques, flood management) and the other two task do-

mains as well.

The question arises as to whether the broad reference to the external criteria of envi-
ronmental consumption and environmental state represents a new stage in the norma-
tive evaluation of science and technology performance, a new normative catalogue of
requirements for science. It is our opinion that the subject matter of sustainability crite-
ria may still be young from a historical perspective, but that normative external evalua-
tion has been around for a long time. As a matter of fact, the normative character is
comparable with evaluating advances in one of the oldest science domains that exists,
that of medicine. The main difference is that a person's physical and mental health and
lifespan forms the external reference point for medicine, whereas the ability of ecologi-
cal life support systems to function despite anthropogenic demands is the external

benchmark for sustainability research.

The normative relationship of knowledge advances and performance assessment is
comparable in both cases: (a) Science and technology progress is not identical with the
success of a cure or the environmental benefit. This first requires the successful appli-
cation of a therapy or a measure. (b) The assessment of the cure is not just left to the
specialist community of doctors and medics, the patients and potential patients them-
selves also have to be able to ascertain improvements in order for the medical innova-
tion to be counted socially as progress. Contentious cases exist, e.g. chemotherapies
against cancer. Neither is sustainability a criterion which remains intrinsic to science.
(c) The structural similarity becomes especially clear in that the evolution of medicine
like the progress made towards sustainability depends on the diffusion of its innova-
tions. The development of a new vaccine, or an aids or cancer therapy does not consti-
tute the benchmark on its own but rather the diffusion of this innovation among all
those who are sick or vulnerable world-wide. (d) Just as the sustainability debate de-
mands of society, medicine also demands of the individual a responsible "manage-

ment" of his/her body and health as indispensable "resources". But this analogy is not
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targeted at the ecological life support systems quasi as the organism of society, but
only at the ratio of internal scientific to external criteria when evaluating the achieve-

ments of science and technology.

2.3 Structural framework conditions and constellations of

social actors

From a genuinely social scientific perspective, capacity can be described as relatively
stable, structural conditions for action in constellations of social actors. This paper de-
velops two different lines of thought on this topic. Chapter 4 deals with the question of
how international (multilateral) scientific collaboration can be organized in order to build
environmental capacity. The comparison of two international collaboration programmes
refers to the social organization within a science system without going into the question

of the application and social impact of the scientific discourse.

In contrast to the focus on the science system in chapter 4, a systematization of the
most important application fields was presented in chapter 1. In the application context
this concerns a social innovation capacity in the sense of implementing new insights
and inventions for sustainable development. The question of operationalization was
dealt with only briefly in chapter 1, namely in the form of table 1. The following sec-

tion 2.3 explains the underlying methodological concept.

2.31 International collaboration programmes in the science

system

The case study in chapter 4 investigates organizational dimensions of scientific capac-
ity and thus belongs to the field of institutionalist sociology of science (cf. Hohn 1998;
Schimank 1995). The research design consists in a comparison of two collaboration

programmes that also represent different programme types.

When comparing the two programmes we find strong contrasts in two dimensions. The
first dimension describes the mutual task dependence among scientists in a research
field in connection with different cognitive problem structures. The second dimension is

defined by the distinction between the science system and political system — IGBP be-
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longs to the science system while IHP is conceived as an institutional hybrid between

the science system and intergouvernmental politics.

The concept of mutual task dependence was developed by Whitley in his theory of sci-
entific work organization (Whitley 2000). Task dependence is stronger in the globally
systemic field of earth system science (IGBP) than in the cumulatively global field of
regional hydrology. The level of task dependence is not directly measured but the find-
ings of the bibliometric field comparison in chapter 3 support this conceptual distinction.
The bibliometric analysis shows significantly higher rates of internationalization in the

globally systemic compared to the cumulatively global science fields (table 6).

By analyzing each case individually and by contrasting the two cases (Kelle/Kluge
1999) we investigate implications of the two dimensions for capacity building. Further-
more, the objective of the comparison is to identify additional organizational dimensions
that are relevant for the success of international collaboration programmes in general.
This analysis has an exploratory character since it does not begin with the definition of
independent and dependent variables but seeks to decipher a complex pattern of rela-
tionships. This open methodological approach was chosen because hardly any studies
exist so far in the sociology of science literature from which specific hypotheses on the

organization of international GEC research might be derived.

The dimensions discussed in chapter 4 can be used as a starting point for metric op-
erationalizations in future research. Quantitative operationalizations would be needed
for more comprehensive surveys, for example in order to generate primary data on the
number of scientists who participate in a programme from different countries, on
amounts of funding, funding sources, attitudes towards collaboration, reputation of the
programme in the respective intellectual field, research activities in developing coun-
tries, and scientifc publications resulting from associated research. In this way, such an

investigation would assume the character of a comprehensive programme evaluation.

The fact that the institutional tradition of the ICSU programmes has been more or less
neglected by sociology is probably related to the more general situation that interest in
complex patterns of institutional factors, actor constellations and modes of governance
has declined in social studies of science. Therefore, we agree with the appeal by Uwe
Schimank for a "renewal of an institutionalist sociology of science" (Schimank 1995:

55). However, with few exceptions (Heinze et al. 2007; Hollingsworth 2002; Laudel
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2006) this proposal did not resonate positively. The question of governance and steer-
ing in the science system becomes even more important if viewed in the light of politi-

cal long-term goals — such as building up knowledge for sustainable development.

2.3.2 Improving context conditions for environmental innovation

The question of social innovation capacity in the sense of sustainable development is
much more complex than the previously discussed operationalization of STI capacity.
There is definitely no one superior method here; instead various social scientific con-
cepts come into question. The first chapter of this study listed and discussed several
pioneering studies in this respect. The following section extends the discussion of so-
cial capacity from chapter 1 by concepts which may serve the methodological imple-
mentation of sociological research. This is mainly liked to the phrase "Capacity to link
knowledge and action" in table 1, line 2 and explains the intended use of the meso
level concepts listed there (economic sector, technological regime, environmental or

resource regime, region at risk etc.).

A good starting point for STI research is the "model of environmental policy perform-
ance" by Martin Janicke (Janicke 1997). Janicke defines capacity as "structural frame-
work conditions" for action in conflicts between opposing advocacy coalitions (Sabatier
1999), whereby the focus of interest is on improving the capacities of the proponents of
environmental protection interests. So far, this model was mainly applied at the macro
level for comparative analyses of the environmental policy capacities of nation states
(Jacob/Volkery 2006; Janicke/Weidner 1997).

2.3.21  Starting consideration: a model of environmental policy
performance

The model of environmental policy performance (figure 5) assumes that environmental
policy development is determined by the conflict between the advocates and oppo-
nents of political innovations (e.g. the introduction of new legal regulations). Therefore
the contest between two (or more) advocacy coalitions with conflicting interests (e.g.
environmental protection vs. polluter interests) is at the centre of the model. Further-
more, the model acknowledges characteristics of environmental issues (problem struc-

tures). "Strategies" is the general term applied to describe how these actors design
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their action, including their motivations, belief systems, objectives and means (e.g. pol-
icy instruments). From the perspective of the actors involved, the field of contest is

characterised by opportunities for and obstacles to them carrying out their strategies.

The "problem structure" is mainly determined by the perceived urgency of an environ-
mental problem and the available options for its solution. The problem structure of envi-
ronmental problems for which a technical solution exists (e. g. the ozone hole) is gen-
erally easier for the political system to deal with than environmental problems which
require fundamental behavioural changes of those addressed by the policy (e. g. cli-
mate change). Environmental problems which are caused by a small group of compa-
nies in a few economic sectors (e.g. production of CFCs) have a different political
structure than problems which affect practically the entire economy (e.g. emission of
greenhouse gases). The level of a country's wealth is regarded as having a significant
but ambivalent effect on the problem structure because it influences both the extent of

the problems to be solved and the resources available for environmental protection.

The successes or failures of actors are dependent on both "situational" and "structural
conditions for action" according to the model. Situational conditions for actions com-
prise the sum of opportunities and obstacles which result from changing political, eco-
nomic or informational situations and events and which may vary in the short term.
Structural (also: system or framework) conditions for action are, in contrast, the sum of
opportunities and obstacles encountered by these actors in the relatively stable cogni-
tive-informational, political-institutional and economic-technological conditions in their

country (or arena for contest).

This is where the term of capacity or capacity building comes into play. Capacity build-
ing according to Janicke means improving the "structural framework conditions" for
action. The capacity of proponents of environmental protection results from (a) their
organizational strength, competence and their support groups and (b) the sum of op-
portunities and obstacles encountered in the cognitive-informational, political-
institutional and economic-technological framework conditions (Jacob/Volkery 2006:
72; Janicke et al. 1999: 79). Elsewhere he says: "Basically this is to do with the stable
resources for action which political advocates of environmental protection themselves

command or encounter in the systemic conditions" (Janicke et al. 1999: 112).
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Figure 5: Determinants of environmental policy performance
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Even if the term capacity is not able to be operationalized precisely, Janicke justifies its
introduction in that he is looking at the more basic question of the conditions governing
action and how to improve them rather than the question of making the correct individ-

ual political decision or selecting individual policy instruments:

A problem can exceed the available objective possibilities of those wanting to solve it. In this
case, it is not the choice of instrument or the creation of a target but the improvement of capac-
ity which is the primary task. Possibilities to do so range from improving the knowledge base
through developing institutions up to opening previously closed policy networks of polluters,
improving policy integration or extending the advocacy by a policy of alliances.

(...) capacity extensions are also necessary because in growing economies environmental
problems — up to now at least — are seldom able to be solved permanently. For Luhmann, the
existing environmental problems make it 'completely clear that politics would have to be able to
do a lot and is able to do little' (Luhmann 1986: 169). (...) This is where environmental policy
strategy should make a constructive start (Janicke et al. 1999: 113).
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Janicke's model of environmental policy conflict clearly moves within the disciplinary
framework of the political sciences. But the term "structural framework conditions for
action" or "structural context" (strukturelle Handlungsfahigkeit) itself points beyond the
political system in its narrower sense. This is where STI research comes in by interpret-
ing the structural conditions in the sense of innovation-oriented capacity building. This
does not actually involve a fundamentally different interpretation of the original concept,
but only an opening and shifting of the focus. The closeness of the political science
model to a concept of social innovation capacity was already obvious in the citation
above, in which Janicke refers explicitly to the structural significance of the knowledge
base. In addition, the significance of technology options is emphasised by the concept
of the problem structure. The term social innovation capacity should cover both techno-
logical and institutional innovations which also includes new legal regulations. This

broader interpretation was also emphasized in chapter 1.

What we have gained theoretically by introducing this model is first of all the reference
to a field of social contest. This basic concept of contest or conflict is particularly suited
on the one hand to the requirements of policy analysis in its narrowest sense, e.g. for
analyzing legislative procedures in a parliament under the influence of antagonistic
lobby groups. On the other hand, the conflict model can also be generalized beyond
the political system, for example, in order to analyze new technological paradigms. One
should consider, e.g. the introduction and development of renewable energies in com-
petition with fossil and nuclear energy sources, which also includes contest between

economic actors and interests.

The empirical investigation of innovation capacity thus faces the task of defining more
exactly the boundaries of the field of conflict or the field of social forces. This definition
of the research object has major methodological implications for designing empirical
studies. Which institutions, actors, strategies, discourses, knowledge and technologies,
actions and consequences of actions should be included in the respective study and
where should the analysis cut off? Is it possible to describe arenas in which actors with
conflicting interests come up against each other and decisions are made about their
success or failure? Only in the simplest case can the analysis be restricted to an insti-
tutionally predefined arena such as the legislative procedure in a democratic parlia-

ment.
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The concepts shown in the second line of table 1, (p. 23) are to be understood as dif-
ferent ways of marking the boundaries of the empirical object under study. In the fol-
lowing, the examples cited there "economic sector”, "technological regime" (table 1 first
column) and "environmental or resource regime" (table 1 second column) are ex-
plained in more detail. These concern three meso level concepts with a comparable

empirical scope.

Environmental risk policy is another example in table 1. Since this topic corresponds
closely to the original model of policy analysis, its adoption here does not require addi-
tional explanation. The example of a risk policy study with an elaborated policy analyti-
cal set of tools was described in section 1.2.3.1 (Social Learning Group 2001a; 2001b).
In the case of adaptation research, suitable STI concepts are less easily recognizable

as explained in section 1.2.4.

2.3.2.2 Using the concept of the sectoral innovation system to

operationalize the field of social contest

As far as we are aware, the approach of sectoral innovation systems has not yet been
used to measure the capacity for environmental innovations and ecological moderniza-
tion in environmentally-intensive sectors (polluting sectors). However, Jochem (Jochem
2004; 2006) did demand a systematic treatment of innovation capacity with regard to

the energy efficiency of consumption sectors (see example 1.2.1.1).

Defining the object of study: According to Malerba (2005), a sectoral innovation system
is made up of three main components: (a) knowledge and technology, (b) actors and
networks, (c) institutions. The shared knowledge base and technologies are the main
references used to define the sector. The sector is often operationalized using product
groups: Malerba (2005) examined the sectors of pharmaceutics, chemicals, telecom-
munications, software and machine tools. It is also possible to use more strongly dis-

aggregated definitions, i.e. for subsectors or product segments (e.g. fuel cell vehicles).

The innovation system approach emphasizes that firms do not innovate in isolation. In
the innovation process firms interact with other firms just as they do with other types of
organization (e.g. universities, research institutions, authorities, banks etc.). Therefore

the interest here centres on the concept of the innovation network. There is empirical
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evidence to show that networks mainly link actors who share complementarities with

regard to knowledge, abilities and specializations (Malerba 2005: 68).

Transferring the term capacity: The innovation system approach conceives of the social
contest between innovators and the forces of inertia ranged against them not as a po-
litical conflict but as an evolutionary process of selection. Economic events are de-
scribed using terms taken from evolutionary theory including variation, replication and
selection, where these refer to the variation and selection of companies as well as that
of products and technologies. The most important selection mechanism from the view-

point of evolutionary economics is the demand on the markets.

The evolutionary-economics vocabulary is neutral regarding the content and the use of
an innovation (cf. section 2.2) which prevails as a result of the competition. This is dif-
ferent to the environmental policy view. However the contrast between evolutionary
economics and classical and neoclassical economics is of greater importance. Unlike
classical economic theory, evolutionary economics does not assume that selection is
determined solely by market forces on perfect markets, but emphasizes the influence
of institutions and actor networks for the continued existence of companies and tech-

nologies.

By conceding, and even emphasizing the significance of institutions and actor net-
works, evolutionary economics allows a fundamental connection to be made between
the innovation system approach and an ecological economic policy which is more
strongly defined by normative objectives. In its present form, the innovation systems
approach is already frequently used to inform and to legitimise economic policy meas-
ures. The usual focus here is on measures which aim to strengthen the innovation ca-

pacity and thus the competitiveness of economic actors (Miettinen 2002).

Transferring the innovation system approach to sustainability research purposes can
be done in a simple and in a complex way. The simple form consists of selecting sec-
tors which can be defined by environmental technologies and environmentally-friendly
products. There are already several examples for this in the literature (e.g. the previ-
ously cited study on the environmental sector by Legler et al. 2006). The analysis can
then proceed without major changes to the original conceptual framework, but remains
restricted to a relatively small segment of the economy, i.e branches of environmental

industries. The really interesting, but methodologically also more complex variant con-
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sists of examining capacity for ecological modernization in environmentally-intensive
sectors which then mainly involve the manufacturing industry but also service sectors

and the agricultural sector.

STl-capacity then means the aptitude for ecological modernization and transformation
within polluting sectors. Studies of this topic could for example relate to unexploited
efficiency potentials and technology alternatives, the available knowledge base, actor
coalitions of environmental innovators, sector-based training and further training, sec-
tor-specific regulation, shaping demand using market incentives, diffusion channels
and obstacles to environmentally-friendly technologies, international lead markets and
intermediary institutions for knowledge and technology transfer. In analogy to this, the
term capacity can also be defined as the sector-related ability to manage ecosystems

or to adapt to climate change (table 1).

The focus of the innovation system approach on relatively stable combinations of tech-
nologies, institutions and actor networks is eminently suited to studies of ecological
capacity development. An argument in favour of this form of sector-based capacity re-
search is the fact that markets frequently fail as far as information about the costs of
environmental consumption and related efficiency potentials are concerned (Ekins
2006).

2.3.2.3 Using the concept of the technological regime to operationalize

the field of social contest

A topic related to the innovation system approach is the research on technological re-
gimes (table 1, first column). The term "technological regime" was originally used by
Nelson and Winter (1977, 1982), who investigated the influence of technological char-
acteristics on the development of market structure and in particular how technologies
are influenced by their closeness to science. Recently, the term has also been trans-
ferred to sustainability topics in order to describe the socio-economic transition to alter-
native technologies. Here, the environmental intensity of a technology regime is the
main characteristic used to distinguish between individual regimes and not knowledge

intensity as was previously the case.

Defining the object of study: Similar to the sectoral approach, the regime approach also

looks at relatively stable combinations of knowledge, technologies, actors and institu-
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tions. In contrast to the sectoral innovation system, the regime approach often refers to
the choice between two technological alternatives, i.e. to a cohesive set of existing
technologies and institutions which is contrasted with a new alternative set held to be

advantageous from an ecological viewpoint.

Transferring the term capacity: In the regime approach, the field of conflict (in the
sense of Janicke's model) is determined by the desired transition from the old, envi-
ronmentally-intensive regime to the new, environmentally-friendly regime. The regime
approach is consequently also much more normatively coloured than the original inno-
vation system approach. A large part of the literature on technological regimes and
"transition management" clearly takes the stand as supporting such a transition and
demands participative modes of governance for steering transition processes ("reflex-
ive governance", Vol et al. 2006). The political planning horizon involved may be very

long indeed (decades).

The regime approach is well suited to large infrastructure systems such as water sup-
ply, transport infrastructure or energy supply which often come under state provision
and whose further development has to be planned years and decades in advance. A
good example is the current discussion of sustainable wastewater disposal in the
Netherlands. This concerns the transition from centralized sewage systems which have
a high demand for drinking water and energy to decentralized closed systems in which
solid faces, urine and wastewater are collected and treated separately (eco-sanitation).
This question was examined from the perspective of "transition management" in order

to advise policy makers (Vliet 2006).

As in the case of eco-sanitation, it is often not possible for the transition to alternative
regimes to occur gradually, but for technological reasons a radical change of direction
is required. In this context, capacity refers to the political and economic ability to induce
a technological change of direction in spite of immense existing investments in the old

regime (sunk costs).

2.3.24 Using the concept of the environmental or resource regime to

operationalize the field of social contest

The term environmental or resource regime was developed specifically for sustainabil-

ity research (see Young 2002). Similar to the already discussed concepts, this subject
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can also be described as a relatively stable combination of actors, technologies,
knowledge and institutions. The research interest relates to changes of the regime in

the direction of greater ecological sustainability.

Defining the object of study: Whereas the borders of the sectoral innovation system
and the technological regime are set mainly with regard to technologies and economic
activities, in an environmental regime, priority is given to the ecosystem and the institu-
tions determining its utilisation and exploitation. Rights of use play an important role in
renewable resources and environmental sinks. To this extent, the environmental re-
gime approach can be classified under the task domain (2) ecosystem management
(table 1). The regular setting of catch quotas to limit the exploitation of fish stocks is
one example for an environmental regime (Young 2003). Another example is the trade

with water rights or with CO, emission allowances.

Defining the object usually starts with an institutional (e.g. administrative) demarcation,
i.e. the scope of a regime. However, this can also be a combination of institutional and
natural borders. Based on the scope or the area covered, a set of economic activities,
technologies and actors can then be determined which influence the ecosystem and
are influenced by the form of the institutional regime. However, it is usually no trivial

matter to define the object.

The fact that institutions, economic activities and ecosystem borders do not necessarily
match should not just be treated as a methodological definition problem but is actually
part of the analytical core of environmental regime research. The environmental regime
approach according to Oran Young follows the concept of improving the institutional fit
between an institutional regime and its ecosystem in such a way that sustainable re-
source use can be guaranteed. This is why reflecting on varying demarcation possibili-
ties (natural and social) makes up such a large part of the institutional analysis, e.g. in

cross-border ecosystems or in multi level governance systems.

Transferring the term capacity: The starting point for research is frequently the obser-
vation that an existing environmental regime results in an overuse of resources and the
degradation of the respective ecosystem (Buck 1998; Dolsak/Ostrom 2003). The inno-
vations targeted within the regime may be institutional and technological in nature (e.g.

limiting the right of use, extending monitoring, simulations of ecosystem development).
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As long as we can find any proponents of environmental protection, the model of envi-

ronmental policy performance can be applied to the reform of an environmental regime.

All studies agree that the knowledge base is a central component of an environmental
regime. Knowledge base here means observing and forecasting a environmental qual-
ity as well as monitoring compliance with the rules of use. As an example, Young de-
scribes the methodological problems with observing fishing stocks in the world's seas,
but also in implementing the limited knowledge available in operational measures
(Young 2003). An important field for STI capacity research is therefore once again in
this case the diffusion of suitable methods and the effective application of the best
available knowledge (see section 2.2). Questions of the links between scientific expert
knowledge and practical experience (e.g. farmers, fishermen) and the legitimacy of

their different knowledge claims also play an important role (e.g. Ebbin 2004).

2.4 Conclusion

Subsequent to the clarification of the task domains in terms of content in chapter 1,
chapter 2 examined how STI capacity might be operationalized. Three different meth-
odological approaches were presented. These methods can be triangulated and com-
plement each other. The methodological discussion shows that the notion of capacity is
not just an empty phrase, but also seeks to avoid lacing up the concept in a tight corset
of operational definitions. A number of topics for further methodological research have

emerged from this discussion:

1. Adapting patent and publication indicators through appropriate field definitions

and the construction of suitable, multi-lingual publication databases,

2. Measuring the diffusion of environmental innovations as an operationalization of

STI capacity,

3. Investigating innovation capacity in constellations of social actors on the meso-
level of sectors, technological regimes or environmental regimes, guided by the

conceptual model of environmental policy performance.
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3 Explaining international collaboration in global

environmental change research

Abstract

This paper maps the domain of Earth and environmental sciences (EES) and investi-
gates the relationship between cognitive problem structures and internationalization
patterns, drawing on the concepts of systemic versus cumulative global environmental
change (GEC) and mutual task dependence in scientific fields. We find that scientific
output concentration and internationalization are significantly higher in the systemic
GEC fields of Meteorology & Atmospheric Sciences and Oceanography than in the
cumulative GEC fields Ecology and Water Resources. The relationship is explained by
stronger mutual task dependence in systemic GEC fields. In contrast, the portion of co-
authorships with developing, emerging and transition countries among all international
publications is larger for Water Resources than for the three other fields, consistent

with the most pressing needs for STI capacity development in these countries.

The text of this chapter is published in the journal "Scientometrics", Vol. 71 (3);
(June,(Jappe 2007) pp. 367-390. This research was presented as a poster on the "9th
International Conference on Science & Technology Indicators" at the Katholieke Uni-
versiteit Leuven, Belgium, 7-9 September 2006. An image of the poster is attached at

the end of this chapter (Figure 10).
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3.1 Introduction

The earth's surface is large and heterogeneous, yet scientific activity is highly concen-
trated in a limited number of industrialised countries. How does this situation influence
international collaboration in earth and environmental sciences (EES)? This paper in-
vestigates international co-authorship in EES by a combination of theoretical consid-
erations and bibliometric methods. We start from three observations: a) Some EES
disciplines are among the most internationalized fields of science, but this finding has
not been explained so far. b) The geographical location and extension of research ob-
jects can influence decisions to collaborate. c) Since environmental problems and re-
lated innovation needs are ubiquitous, collaboration between scientifically advanced

and less developed countries is an important issue.

According to Whitley (2000), the social organization of scientific fields is strongly linked
to their cognitive problem structures. A general distinction in this respect is between
fundamental versus applied research. With regard to EES disciplines, another impor-
tant distinction was introduced by Turner et al. (1990): systemic global environmental
change (systemic GEC) and local or regional environmental changes that become
global by worldwide accumulation (cumulative GEC). Our analysis shows that these
spatial problem structures can explain different levels of internationalization across

environmental fields.

The paper gives for the first time a comprehensive overview of all EES fields based on
relevant subject categories in the SCI (section 3.2). After a review of the bibliometric
literature on internationalization in EES (section 3.3), the main part investigates the
relationship between spatial problem structure and internationalization by comparing
four SCI subfields in depth: Meteorology & Atmospheric Sciences, Oceanography,
Ecology and Water Resources (section 3.4). This includes the theoretical discussion of
spatial problem structures and their influence on collaboration decisions, the formula-
tion of hypotheses, a description of the bibliometric methods used and a discussion of

results. The main conclusions are presented in section 3.5.
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3.2 Earth and environmental fields in the SCI

This section gives an overview on earth and environmental research as covered by the
Science Citation Index (SCI expanded). The SCI contains about 170 subject catego-
ries, from Acoustics to Zoology. Each SCI subject category is composed of a set of
journals. 21 subject categories were selected that are directly related to knowledge of
the environment.8 SCI subject categories are a good starting point for bibliometric
mapping, because such field delineations are easy to interpret and replicable. On aver-
age, a subject category contains ca. 35 journals (i.e. 5,900 journals divided by 170
categories), ranging from 5 (andrology) to 277 (biochemistry and molecular biology).
The total set of the 21 earth and environmental research fields accounts for 9.3 % of all
SCI publications in 2002.

Table 3 gives an overview of all 21 earth and environmental subject categories (EES
fields). The fields are grouped in three content domains: 36.7 % of all environmental
publications cover the geosphere, the non-living environment on earth. Research on
the biosphere, encompassing life and organic matter, accounts for 49.7 % of the total
environmental output, whereas research related to the management of environmental
resources and environmental engineering amounts to 22.5 % (some journals are as-
signed to more than one domain). For each domain, table 3 lists the number of articles

per field in descending order, as well as a comparison of output growth rates.

In the period from 1990-2002 publication output grew more strongly in the environ-
mental management & engineering and in the geosphere fields than in the biosphere
subset. The growth rate in the biosphere set (135) is slightly below that of the SCI total
(147), whereas the growth in the set of all 21 EES fields (152) is similar to the database
average (the SCI contained 886,981 publications in 2002). Behind this broad compari-
son lie very different growth rates of individual fields. Six fields showed a doubling in
volume or more since 1990: Meteorology & Atmospheric Sciences, Oceanography,
Paleontology, Ecology, Environmental Engineering and Water Resources. Three fields
were newly introduced to the database during this period: Remote Sensing, Geochem-

istry & Geophysics and Biodiversity Conservation.

8 A few additional fields could be included in a still broader definition of environmental re-
search (e.g. Agronomy, Energy & Fuels, or Toxicology).



68 Explaining international collaboration in global environmental change research

Table 3: Earth and environmental research fields in the SCI
SCI Subject Categories Publ. 2002 % 21 fields Growth
(1990=100)
1. Geosphere 30,135 36.7 164
Multidisciplinary Geosciences 12,382 15.1 141
Geochemistry and Geophysics* 9,358 114 n.a.l
Meteorology & Atmospheric Sciences 7,439 9.1 226
Oceanography 5,608 6.8 223
Geology 1,750 21 48
Mineralogy 1,675 20 141
Paleontology 1,643 2.0 213
Physical Geography 1,277 1.6 157
Remote Sensing 1,171 14 n.a.2
2. Biosphere 40,805 49.7 135
Plant Sciences 14,311 17.4 122
Ecology 9,189 11.2 195
Zoology 7,631 9.3 118
Marine & Freshwater Biology 6,728 8.2 143
Agriculture, Soil Science™* 2,813 3.4 101
Forestry 2,406 2.9 145
Biodiversity Conservation 1,714 21 n.a.3
Limnology 1,177 1.4 127
Ornithology 951 1.2 127
3. Env. Management & Engineering 18,458 22.5 201
Environmental Sciences 14,446 17.6 188
Environmental Engineering 4,664 5.7 429
Water Resources 5,709 7.0 203
All 21 fields 82,139 100 152

Source: SCI via host STN; calculations by author
* Before 1996, this research was partly included in the category "Geology"
** Field contains only agricultural research in connection with soils

1 Field introduced in 1996; 2 in 1992; 3 in 2000
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The 21 EES fields do not include all technological knowledge pertinent to sustainability.
The more eco-efficiency criteria are integrated in the development of technologies, the
more difficult the separation between environmental engineering and other engineering
tasks (cf. chapter 2.1). As a consequence, engineering literature which is relevent for
sustainable development is often found in other subject categories. The same holds for

agricultural technologies (e.g. biotechnology).

Figure 6 maps the 21 EES fields as a network. Circle size represents the number of
articles in each field in the period 2001-2003. Linkages represent the degree of overlap
among pairs of fields. Overlap occurs because some journals are assigned to more
than one subject category, but for methodological reasons we count the number of arti-
cles that belong to more than one subject category as a result. Overlap between two
fields is measured by the number of shared articles divided by the mean size of the two
fields. For example, 8,000 articles belong to both Oceanography (field size 16,796 arti-
cles) and Meteorology & Atmospheric Sciences (23,193 articles) in 2001-2003. A link-
age of 0.4 results, which is the strongest linkage observed among the environmental
categories. An overlap of subject categories does not imply that each individual article

in the intersection of sets reports multi-disciplinary research.

The network graph underlines the relevance of the three domains geosphere, bio-
sphere and environmental management & engineering for the cognitive organization of
environmental research. It shows two clusters and one pair of strongly overlapping
fields. The first cluster is found in the geosphere domain, including the fields Meteorol-
ogy & Atmospheric Sciences, Oceanography, Geochemistry & Geophysics, and Multi-
disciplinary Geosciences. The second cluster comprises all three fields of environ-
mental management & engineering (Environmental Sciences, Environmental Engineer-
ing and Water Resources). The subject categories in the biosphere domain show
weaker overlaps except for the pair of Biodiversity-Ecology. In fact, Biodiversity Con-
servation is a subfield of Ecology (93.6 % of biodiversity articles also belong to ecology,
representing 17.5 % of the latter). Four EES fields are selected for comparison of inter-
nationalization in section 3.4: Meteorology & Atmospheric Sciences, Oceanography,

Ecology and Water Resources.
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Figure 6: Relative size and overlap among 21 EES fields
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Source: SClI via host STN, subject categories 2001-2003. Circle areas represent the number of
publications in each field. Linkages represent overlap between pairs of fields relative
to field size.

3.3 International collaboration in EES fields: review of

statistical data and bibliometric studies

Internationalization in EES fields deserves the attention of STI research for several
reasons. Firstly, some EES disciplines are among the most internationalized fields of
science, but this finding has not been explained so far. Secondly, the geographical lo-
cation and extension of research objects can influence decisions to collaborate. Thirdly,
since environmental problems and related innovation needs are ubiquitous, collabora-
tion between scientifically advanced and less developed countries is an important is-

sue.
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This section first presents data on internationalization in the broad domain of earth and
Space Sciences as published by the USA National Science Board in its biennial report
Science & Engineering Indicators. Then bibliometric studies on more narrow environ-
mental fields are reviewed, including all published articles that we could identify
(Dastidar 2004; Engels et al. 2005; Resh/Yamamoto 1994; Wagner 2005;
Wishart/Davies 1998). There are some limitations with regard to the statistical sources,
as the most recent data published by NSB on worldwide field-specific internationaliza-
tion cover the period 1995-97 (National Science Board 2004: A6-60). The third edition
of the European Report on S&T Indicators includes a definition of the EES domain, but
no original data on international collaboration frequencies across fields (European

Commission 2003).

Intellectual exchange in trans-national communities is a central characteristic of scien-
tific work organization (Stichweh 1999). The past decades witnessed a strong increase
of international collaboration, as measured in internationally co-authored publications
(briefly, international publications). International publications are defined as publica-
tions with author affiliations from at least two different countries. Between 1988 and
2001 the total number of international publications more than tripled, while their share
of all articles increased from 7.8 % to 18 % (National Science Board 2000; 2004). In
1976 only 4 % of all articles were internationally co-authored. The share of international

publications among all publications is commonly called the INI-index.

While growing collaboration is a general trend, the portion of international publications
is highly field-specific. In Science & Engineering Indicators, the SCI+SSCI database is
subdivided into eleven broad scientific domains, among which Earth and Space Sci-
ences (ESS) includes the largest subset of the 21 earth and environmental fields (EES)
discussed in section 3.2. In the mid-nineties, 24.1 % of publications in ESS worldwide
had institutional affiliations from at least two different countries, followed by Physics
with 22.4 %. In comparison, Clinical Medicine, the largest field in the database, had
only 11.5 % of international publications (14.8 % for database total). ESS covers the
subfields of Astronomy and Astrophysics, Earth and Planetary Science, Environmental
Science, Geology, Meteorology and Atmospheric Sciences, Oceanography and Lim-

nology but excludes biological research on the environment.
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Figure 7: Internationalization of Earth and Space Sciences (ESS) in ten major
scientific producing countries (INI %)
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Australia (11th in output size) is included instead of Spain (10th)
Figure 7 shows the dynamic increase of internationalization from the mid-eighties to
2001, comparing ESS with the database average. Ten countries with the largest scien-
tific output are listed in descending order. In 1996, ESS INI is more than 20 % higher
than the database average for publications from Japan and Germany, and 18 % higher
for the United Kingdom, France, China and Australia. If INI growth in ESS continues at
the rate of the total database, in 2001 more than 65 % of ESS publications from Ger-
many and France are international and around 60 % from the United Kingdom, lItaly,
Russia and Australia. Among the group of countries with the largest scientific output,
France and Germany have the highest INI (ESS and total database), considerably
higher than the INI of the smaller scientific producers Canada and Australia (although
the use of English as a national language favours collaboration by the latter). China is

the only country where the INI in 2001 had not increased compared to 1996.
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In spite of the remarkable degree of internationalization, few studies investigated more
narrow EES fields to arrive at an explanation of these internationalization patterns. The
findings of four studies are summarised in table 4. While these studies present interest-
ing data, they use different criteria for journal selection and cover different time periods,

which limits cross-field comparability.

Table 4: Earlier bibliometrical studies of earth and environmental fields
Study Field Years Journals Number of INI %
examined analyzed covered articles
Wagner Astrophysics 2000 14 6547 47.3
Geophysics 2000 13 2789 34.0
Soil Science 2000 10 1382 32.8
Dastidar Oceanography 2000 35 4008 n.a.*
Wishart/Davis Limnology 1987-1996 10 8960 9.2
Resh/Yamamoto | Freshwater 100 most recent 33 3300 9.0
Ecology articles (before 1994)

*

Dastidar presents networks of countries and institutes in oceanography but no field INI

Wagner (2005) compares INI across six fields, three of which are of interest in the pre-
sent paper: Astrophysics, Geophysics, and Soil Science. Dastidar (2004) investigates
the SCI subject category of Oceanography in the year 2000. Wishart and Davis (1998)
sample articles from ten leading journals in Limnology over a decade. Resh and Ya-
mamoto (1994) select 33 journals specialising in Freshwater Ecology and sample the

100 most recent articles from each journal.

Table 4 clearly indicates that levels of internationalization vary significantly across envi-
ronmental fields. Since Astrophysics, Geophysics, Oceanography and Limnology are
all part of the broader ESS (figure 7), it is apparent that ESS is itself very heterogene-
ous, with Astrophysics at the top and Limnology at the lower end in terms of interna-
tionalization.9 According to Wagner's findings, INI in Geophysics and Soil Science are
even higher than INI in ESS which is estimated at 29.3 % for 2001. Much lower INI in
Limnology and Freshwater Ecology are partly due to earlier time periods investigated,

and are consistent with the finding that biology on the whole is less internationalized.

9  Astrophysics is not among the earth and environmental fields in table 3 but is part of NSB's
category of ESS.
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The broad category of Biology (as defined by NSB, excluding biomedical research) had
7.4 % of international publications in the mid-1980s and 13.9 % in the mid-1990s, val-
ues slightly below database average (7.8 % and 14.8 % respectively; NSB 2000: A6-
60). Findings from Glanzel and Schubert (2005: 335) point in a similar direction, with
INI ratios of 48 % in the broad field of Geosciences & Space Sciences in 2000 as com-

pared to 29 % in Agriculture & Environment, as defined by the authors.

The bibliometric studies take different perspectives on the topic of international collabo-
ration in environmental research. Dastidar (2004) presents collaboration networks on
the level of countries, institutes and scientists. The study demonstrates a strong con-
centration of oceanographic publications in the USA, but offers little qualitative interpre-
tation of collaboration patterns. Wagner (2005) aims to elucidate field-specific INI
growth. She distinguishes four types of motivations for international collaboration ("re-
source-driven, equipment-driven, data-driven and theory-driven") and postulates differ-
ent growth rates of internationalization. Country networks are presented for six fields in
1990 and 2000. Yet the findings do not support this hypothesis. Nevertheless, Wag-
ner's attempt underlines the need for a better qualitative understanding of EES fields to
explain internationalization patterns. Resh and Yamamoto (1994) carefully select spe-
cialised journals and report collaboration frequencies per journal. Their conclusion that
internationalization in Freshwater Ecology approximates that of Physics does not seem
well-founded because it disregards a time lag of almost a decade between investigated
periods. Engels et al. (2005) focus on collaborations between scientific centre and pe-
riphery. They analyse INI ratios of a sample of US American and German institutes in
"GEC research" with different world regions (1993-2002). The study does not investi-
gate field differences in internationalization in the sub-samples of climate and biodiver-

sity institutes.

Wishart and Davis (1998) is the only investigation that is motivated by a scientific con-
cern about the limited knowledge of phenomena in developing countries. Apart from INI
ratios, they analyse the regional origin of senior authors, the regional distribution of
membership in professional societies, and the frequency of certain thematic areas in
papers with Third World authorship. The authors conclude that "(...) given the widening
gulf in terms of personnel and resources, the future of essential research on inland

waters in the Third World does not bode well unless in situ capacity building within



Explaining international collaboration in global environmental change research 75

Third World countries becomes a target of First World research and funding agencies"
(p. 558).

In sum, we conclude from the literature review that (1) some EES fields are among the
most strongly internationalized areas of science, (2) only few EES fields have been
studied with regard to internationalization, and (3) cross-field comparability among the-
se studies is limited by varying approaches to field definition and by different time peri-

ods.

3.4 Systemic versus cumulative global change:

A comparison of four scientific fields

We now compare four environmental fields in terms of internationalization and scientific
output concentration. According to Whitley (2000), the social organization of scientific
fields is strongly linked to their cognitive problem structures. This perspective is applied
here to EES research. We follow Turner et al. (1990) who distinguish systemic and
cumulative global change. Another relevant distinction is fundamental versus applied
research. We explore how both cognitive dimensions as independent variables explain
international collaboration and output concentration as dependent variables of social
structure in EES. The central hypothesis is that systemic GEC fields show higher ratios
of international collaboration than cumulative GEC fields. The relationship is explained
by the influence of higher mutual task dependence in systemic fields. The basic-applied
distinction influences distributions of scientific activity and collaboration patterns be-

tween countries.

Four fields were chosen to represent two different problem structures of GEC research:
Meteorology & Atmospheric Sciences (MAS) and Oceanography as examples of sys-
temic GEC research, Ecology and Water Resources as examples of cumulative GEC
fields. Together, these four fields account for ca. 30 % of all environmental research in
the SCI. The selection also represents different environment-related domains, as MAS
and Oceanography belong to the category of geosphere research, ecology is part of
biosphere research and Water Resources part of the environmental management &
engineering category. All four fields are highly dynamic, with above-average long-term
growth rates (1990-2002) ranging from 1.95 in Ecology to 2.26 in MAS, compared to
1.47 database average (table 3).
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3.41 Spatial problem structures of GEC

Turner et al. (1990) distinguish between two types of GEC. Applied to research prob-
lems, their distinction characterises two different spatial problem structures:

"In the first or systemic meaning, 'global’ refers to the spatial scale of operation or functioning of
a system. A physical system is global in this sense if its attributes at any locale can potentially
affect its attributes anywhere else, or even alter the global state of the system. (...) Globally
systemic changes need not be caused by global scale activity, only the physical impacts of the
activity need to be global in scale, manifested through the systemic adjustments that follow. (...)
In the second — the cumulative — sense, 'global’ refers to the areal or substantive accumulation
of localized change. A change is global in this sense if it occurs on a worldwide scale, or repre-
sents a significant fraction of the total environmental phenomenon or global resource. (...) If
cumulative changes reach a global scale, it is typically as the consequence of worldwide or

wide-spread human activity that may not be directly registered on the major geosphere-
biosphere systems" (Turner et al. 1990: 15f.).

In systemic global change, "consequences everywhere follow from production-
consumption anywhere, breaking the long-standing spatial linkage in the environmental
consequences of production-consumption" (Turner/McCandless 2004: 237). The prime
example of a global system is the climate system, defined as follows by the Intergov-
ernmental Panel on Climate Change:

"The climate system is an interactive system consisting of five major components: the atmos-
phere, the hydrosphere, the cryosphere, the land surface and the biosphere, forced or influ-
enced by various external forcing mechanisms, the most important of which is the sun. Also the
direct effect of human activities on the climate system is considered an external forcing. (...)
Although the components of the climate system are very different in their composition, physical

and chemical properties, structure and behaviour, they are all linked by fluxes of mass, heat and
momentum: all subsystems are open and interrelated" (Houghton et al. 2001, Vol. |, Ch. 1.1.2).

Over the past 20 years, the importance of biological processes in the regulation of the
climate system gained increasing recognition among climate scientists. Consequently,
the global systems perspective has been extended in the direction of a total earth sys-
tem that emphasises the coupling of physical, chemical and biological aspects. "In the
context of global change, the earth System has come to mean the suite of interacting
physical, chemical and biological global-scale cycles (often called biogeochemical cy-
cles) and energy fluxes that provide the conditions necessary for life on the planet”
(Steffen et al. 2001: 10, see also Schellnhuber et al. 2004).

Only a subset among the EES fields described in section 3.2 investigates environ-
mental change from a systemically global perspective. Most systemic GEC research is

located in four geosphere fields: MAS, Geochemistry & Geophysics, Oceanography,
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and Multidisciplinary Geosciences. The label "systemic GEC fields" signifies that these
four fields include large portions of research on the systemic understanding of GEC.
However, this neither implies that all publications in the respective geosphere catego-
ries treat global systemic topics, nor that no other EES subject category contains any
global systems research. The components of the physical climate system are long-
standing objects of MAS and Oceanography (Weart 2004). Research in Geochemistry
& Geophysics is essential for the study of global biogeochemical cycles, along with the
establishment of a sub-discipline of global ecology (Mooney 1998). Along the same
lines, the category "Multidisciplinary Geosciences" is described by the databank pro-
vider as covering "resources having a general or interdisciplinary approach to the study
of the earth and other planets." While there is some global systems research in Ecol-

ogy, the bulk of ecological research is cumulatively global.

The mutual overlap in figure 6 points to important cognitive linkages among the four
systemic fields. Some journal titles of multiply assigned journals explicitly refer to con-
nections between fields, e.g. "Tellus Series A — Dynamic Meteorology and Oceanogra-
phy", "lzvestiya Atmospheric and Oceanic Physics", "Dynamics of Atmospheres and
Oceans" (the latter also assigned to the field Geochemistry & Geophysics) or "Marine
Geophysical Researches" (assigned to Oceanography and Geochemistry & Geophys-
ics). Systemic global concepts as the "climate system", the "earth system" or global
"life support systems" are by definition multi-disciplinary and comprehensive. By con-

trast, the SCI subject category of ecology shows little overlap with the systemic fields.

In contrast to the systemic perspective, much environment-related knowledge produc-
tion is focused on smaller spatial scales and is to a greater or lesser extent place-
specific. Due to this combination of smaller spatial scales and interest in place-specific
conditions this research could also be called "place-based". While systemic GEC re-
search usually implies long-term fundamental research, cumulative GEC research can
be either basic or applied. Ecology exemplifies the importance of place-specific knowl-
edge, due to the heterogeneity and complexity of ecosystems on local to regional
scales, in combination with a strong basic research orientation (Bocking 1997; Golley
1993). Water Resources has been chosen because it represents a cumulative field that

contains both fundamental and applied knowledge (Reuss 2003).
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The systemic versus cumulative distinction marks the cognitive perspective and the
spatial scale of research, but no physical separation in nature. This is well illustrated by
the case of water. While the global hydrological cycle is central for the movement of
energy and chemicals in the earth system, little of this systemic research is categorised
under the SCI subject category Water Resources. The topics in this field rather refer to
the management of freshwater for human needs, such as "desalination, ground water
monitoring and remediation, hydrology, irrigation and drainage science and technology,
water quality, hydraulic engineering, ocean and coastal management, river research
and management, waterways and ports" (database description). The field Water Re-
sources thus covers mostly regional hydrological knowledge and technological knowl-

edge for water resource management.

Technological knowledge usually has no geospatial reference and thus is neither sys-
temic nor cumulative. Yet the effectiveness and sustainability of technological applica-
tions for the management of natural resources and ecosystems often depends on site-
specific adaptations (e.g. water quality or soil degradation). Thus, environmental re-
search with a strong practical orientation is often partly universal and partly place-
specific. This holds not only for the case of Water Resources, but also for Soil Science,
Forestry, Marine and Freshwater Biology (fisheries research). Given that anthropogenic
interference with the environment and the need for improved management approaches
are spread worldwide, these fields are also considered cumulatively global in the sense
of Turner et al. (1990).

3.4.2 Influence of problem structures on international

collaboration

Three different motivations for international collaboration in EES fields are linked with
the spatial problem structure: (1) high mutual task dependence in systemic GEC fields,

(2) scientific interest in particular places, (3) capacity building and technology transfer.

(1) The main difference with regard to internationalization is that systemic fields depend
on a global perspective, whereas research in cumulative global problems can be con-
ducted independently in many places. The inherently global perspective leads to
stronger mutual task dependence among scientists in systemic fields. High levels of

mutual task dependence are due to (a) large investments in global scale observation,
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including investments in international coordination of data collection, and (b) closer
cognitive integration of research efforts through shared global frameworks, i.e. theories

and numerical models.

Mutual task dependence is a concept introduced by Whitley (2000) for the analysis of

scientific work organization. According to Whitley,

"modern sciences essentially are systems of jointly controlled novelty production in which re-
searchers have to make new contributions to knowledge in order to acquire reputations from
particular groups of colleagues. (...) The degree of mutual dependence has two analytically
distinct aspects. The first is the extent to which researchers have to use the specific results,
ideas, and procedures of fellow specialists in order to construct knowledge claims which are
regarded as competent and useful contributions. This can be called the degree of functional
dependence between members of a field and refers to the need to co-ordinate task outcomes
and demonstrate adherence to common competence standards. (...) The second aspect of
mutual dependence refers to the extent to which researchers have to persuade colleagues of
the significance and importance of their problem and approach to obtain a high reputation from
them. This can be called the degree of strategic dependence for it covers the necessity of co-
ordinating research strategies and convincing colleagues of the centrality of particular concerns
to collective goals." (2000: 85, 88, italics in original).

Two steps connect the systemic problem structure with internationalization patterns.
The first hypothesis for systemic GEC is that global observation systems and cognitive
integration through theories and numerical models give rise to high levels of task de-
pendence among scientists and working groups in scientifically advanced nations.10
The second hypothesis is that stronger task dependence results in more frequent col-
laboration within a research field, and in particular more frequent international collabo-
ration.11 High international task dependence is manifested in bottom-up collaborations
among individual scientists, as measured by international co-authorships, as well as a
strong tradition of international scientific collaboration programmes (cf. Greenaway
1996; Jappe 2005; Weart 2005b).12

10 For the purpose of this paper, we do not distinguish functional and strategic aspects of task
dependence.

11 On the aggregated level of entire disciplines, high collaboration frequencies are probably
due to the combined effect of a number of subfields with high mutual task dependence. In
cases of non-public research such as industrial big science projects or classified military
research, the second hypothesis may not apply (cf. Hamblin 2005: 192f.). This hypothesis
has not yet been investigated bibliometrically.

12 Stronger task dependence is also likely to result in more pronounced stratification among
scientists and among research institutions (elite-periphery structures).
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International cooperation is central to establishing and enhancing the global observa-
tion systems that systemic GEC research depends on. As Edwards notes, "behind the
emerging consensus on climate change lie more than 150 years of slow, painful nego-
tiations over global standards for measuring, recording, and communicating about the
weather" (2004: 827). The oldest worldwide operational system for meteorology is the
World Weather Watch/GOS, established in 1963 under the auspices of WMO. Similarly
comprehensive systems are still being developed for the oceanic and the terrestrial
domain.13 International programmes such as GARP (1967-1980) and WCRP (since
1980) complement operational data networks through in-depth investigations and ex-
periments. International data centres serve the collection, storing and processing of

data, ensuring open access to scientific information (Greenaway 1996: 160ff., 175).14

Mutual task dependence does not result merely from the cooperation required to en-
hance operational observation systems, but also from the fact that global expert com-
munities operate with highly standardised data products. Due to the complex opera-
tions involved in the generation of global data sets, it has been argued that global data
and global models are "no longer distinct entities, but parts of a single system for rep-
resenting the world" (Weart 2005a: 12).

Atmospheric general circulation modelling (AGCM) is a prime example for strong mu-
tual task dependence through cognitive integration.15 GCMs are at the centre of re-
search on climate change and are used to integrate observations and analytical contri-
butions from diverse specialities (cf. history of AGCM in Weart 2005a; on integration cf.
Cox/Nakicenovic 2004). Although observation and experiments are undertaken on a
broad range of spatial scales and may include the sun and other planets, their ultimate
purpose is to inform understanding of global system functioning. In turn, enhanced
simulation of system behaviour is seen as the prerequisite for the prediction of regional

impacts.

13 For example ongoing planning for a Global Earth Observation System of Systems,
http://www.epa.gov/geoss/index.html; last accessed 22nd March 2006.

14 GOS stands for Global Observation System, GARP for Global Atmospheric Research Pro-
gramme, WCRP for World Climate Research Programme, WMO is World Meteorological
Organization.

15 "Communities of collaboration among experts had been rapidly expanding throughout geo-
physics and the other sciences, but perhaps nowhere so obviously as in climate model-
ling." (Weart 2005a: 27).
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Model complexity and the requirements of computing power restrict the number of ap-
proaches that are used in parallel within the AGCM field, so that researchers follow the
development of a limited number of shared global frameworks (Edwards 2001: 58).
Even today, only a limited number of research centres worldwide are capable of devel-
oping and running the most advanced earth system models that couple processes of
the atmosphere, land surface, ocean and sea ice, aerosols and the carbon cycle.16
Experiments that systematically compare the performance of different models are part

of the research strategy and an additional element of cognitive field integration.

Ecology and Water Resources exemplify fields that typically combine finer spatial reso-
lutions with a stronger adaptation of research approaches to specific local conditions.
Certainly, theories and methods contain generalisations which make them applicable in
different contexts and allow the accumulation and progress of knowledge across sites.
Still, the dependence of scientists at different places on each other's achievements
remains weaker relative to systemic fields. Comparatively low mutual task dependence
leads to a greater diversity of approaches and reduces the pressure for a standardisa-

tion of data, methods and concepts.

(2) In earth and environmental research, the scientific motivation for international col-
laboration is often connected to particular qualities of a geographic locality. This holds
independent of the degree of task dependence in the entire scientific field. For exam-
ple, ecologists investigate the island Hawaii as a model for the role of nutrient cycles
and nutrient limitations in ecosystems (Vitousek 2004). International collaboration also
serves to compare objects and to exchange experiences across sites, as in river basin
management (e.g. Bressers/Kuks 2004) or to investigate connections between distant
places. Synoptic assessments of environmental conditions for large regions or the en-
tire planet are especially demanding in cumulative fields since they require in-depth
investigations at a large number of carefully selected places. Models and satellite re-
mote-sensing can substitute for in situ data to a lesser extent than in systemic GEC
research. For this reason, global assessments are often compilations of existing
knowledge and include only some original research (e.g. the Millennium Ecosystem

Assessment).

16 Cf. AGCM family tree on http://www.aip.org/history/sloan/gcm/famtree.html; on develop-
ment stages of coupled modelling see Carson (2005).
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(3) Apart from the purely scientific motivations, international collaboration relates to
different levels of STI capacity among developed and less developed countries. This is
more relevant in research on natural resource management and related technological
applications than in fundamental natural sciences. Two approaches to collaboration
can be distinguished: to solve a specific problem in a developing country by applying
and adapting externally developed S&T solutions, or to support STI capacity building
within the developing country itself.

"At one extreme, it is possible to use the S&T capabilities of developed countries (...) to gener-
ate knowledge, technologies and products that address the problem under consideration. (...)
At the other extreme, it is possible to support the creation of domestic STI capabilities, which
may involve institutional support programs, long-term scientific and technical assistance, infor-

mation sharing, and graduate fellowships to train S&T researchers, as well as policy-makers
and technology managers" (Sagasti 2004: 106).

Pressing environmental problems related to water use, health and food production are
likely to receive more attention in emerging and developing countries than long-term
environmental risks that are characterised by high scientific uncertainties. As a conse-
quence, scientific production is likely to be more concentrated in the scientifically most
advanced countries if fields require high investments in basic research. This holds both
for systemic and cumulative long-term risks, such as climate change and biodiversity

loss.

Apparently, scientific interest in distant localities is not always well documented by co-
authorships. Dahdouh-Guebas et al. (2003) analyzed research on least developed
countries (operationalized as publications which mention at least one of the 48 least
developed countries in the title) and found that 69 % of this research is published by
authors from industrialised countries without including local research institutes. The
authors attribute this to a "spirit of neo-colonial science" (pp. 334, 340). It is noteworthy
that the LDC sub-sample amounts to less than 0.2 % of the basic set of publications in
the database Current Content (1999-2000).
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3.4.3 Hypotheses

Hypothesis (1): summarising the argument in section 3.4.2 with regard to the effect of
spatial problem structures, we hypothesise that systemic GEC generates a higher de-
gree of mutual task dependence among scientists than cumulative GEC, resulting in
higher international collaboration frequencies (INI). This hypothesis can be specified
further by assuming that the portion of systemic GEC research is higher in MAS than in
Oceanography, leading to the following hypothesis:

INI Ecology
1. INIMAS > INI Oceanography > {
INI Water Resources

Hypothesis (2): the fields MAS, Oceanography and Ecology contain a higher share of
fundamental research than Water Resources, leading to the expectation that the former
show higher concentrations of publication output among the scientifically most ad-
vanced countries. Furthermore, the initial investments in technology that are required to
establish competitive research are typically larger in the two systemic fields compared
to Ecology and Water Resources, constituting a higher entry threshold to the former
fields.

If output concentration (OC) is defined as the output share of the 20 largest scientific

producing countries (as a group), the following hypothesis can be formulated:

2.  OCMAS

} > OC Ecology > OC Water Resources
OC Oceanography

Hypothesis (3): although levels of scientific capacity are heterogeneous, developing,
emerging and transition countries (DET countries) generally face important tasks of
R&D capacity development (cf. Sagasti, 2004: 123ff.) Applied problems related to wa-
ter resources are likely to receive more attention in DET countries than systemic or
other long-term environmental risks associated with high scientific uncertainties. Par-
ticipation of DET countries in international collaboration is measured as the ratio of
international publications with authors from DET countries in relation to all international

publications in a field (DET ratio). The hypothesis is:

MAS
3. DET ratio Water Resources > DET ratio Oceanography
Ecology
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3.4.4 Methods

The hypotheses are investigated in three steps, measuring (a) share of international
publications, (b) output concentration, and (c) ratio of international publications with
DET countries for two fields of systemic GEC (MAS, Oceanography) and two fields of

cumulative GEC (Ecology, Water Resources).

Publication output was searched in SCI expanded for the period of 2002-2003. The
software VantagePoint is used to construct field and country databases. Output con-
centration is measured for the group of the top twenty countries in terms of output size.
In order to ensure that scientific size is accounted for independently of that country's
propensity for international collaboration, fractional assignments of articles to countries
are used to determine output ranks (National Science Board 2004: A5-35).17 All other

computations in this paper assign publications to countries on a whole count basis.

Internationalization is compared on the level of entire fields and for individual countries,
as it is well-known fact that countries' propensity for international collaboration differs
significantly (Glanzel/Schubert 2004). The relative internationalization index (RI) meas-
ures how much a country collaborates internationally in an EES field relative to that

same country's internationalization across the total database. Rl is defined as:
RI = 100 tanh In [(INI kj) / (INI k sci)],

where INI kj is country k's share of international publications in field j, and INI k sci is
that same country's share of international publications in the database SCI+SSCI. The

hyperbolic index is symmetrical and bounded to £ 100 (cf. Grupp 1998: 158).

In order to assess the relative importance of collaborations with countries that are still
more peripheral to the global science system, we define the umbrella category of "de-
veloping, emerging and transition countries" (DET). This group includes all countries
except USA, Canada, Japan, EU-15, Iceland, Switzerland, Norway, Israel, Australia,
New Zealand and Russia. The importance of collaborations with DET countries is mea-

sured by international publications that include author affiliations from at least one of

17 20 countries with largest output in 2001 in descending order: USA, Japan, United Kingdom,
Germany, France, Canada, ltaly, China, Russia, Spain, Australia, Netherlands, India,
South Korea, Sweden, Switzerland, Taiwan, Brazil, Israel, Belgium.
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these countries. The participation of DET countries in scientific collaboration is meas-
ured by the ratio of international publications that include author affiliations from DET

countries by all international publications in that field (DET ratio).

3.4.5 Results

International collaboration. Consistent with hypothesis (1), we find that internationaliza-
tion is significantly more developed in systemic GEC fields than in cumulative GEC
fields. As expected, INI MAS is higher than INI Oceanography (25.8 % and 24.3 %,
respectively). INI Ecology (21.3 %) is still considerably above, and INI Water Re-
sources (18.7 %) close to database average (18.0 %). On the country level, the sys-
temic fields are characterised by high degrees of relative internationalization. RI indi-
cates how much a country collaborates internationally in a given field relative to the

country's internationalization in all fields of the database (figure 8).

In MAS, all 15 countries have very high RI values, with the exception of Spain (Rl =
-12.4). By far the highest Rl are attained by Japan (67.8) and South Korea (50.2), fol-
lowed by China, Italy, United Kingdom, Germany and France, (between 37.9-33.6). A
similar pattern is observed in Oceanography, although on a slightly lower level, again
led by South Korea (55.7) and Japan (47.4). In Oceanography, three countries show
interesting deviations from the average pattern of high RI: India (-71.8), Russia (-32.2)
and Australia (-11.9). In all three cases, this is due to strong domestic journals (see

below).

By comparison with the systemic fields, Rl is on average lower in the fields of Ecology
and Water Resources and more variable across countries. Although Ecology is more
internationalized than Water Resources, similar Rl levels of both fields are observed for
Japan, China and the Netherlands. In a number of other countries, Rl is more elevated
in Ecology than in Water Resources, including the UK, Germany, France, Canada, It-
aly, Spain and India. The opposite pattern (higher RI for Water Resources than Ecol-
ogy) is observed only for Russia and to some extent for the USA. Again, the highest
Rls are attained by East-Asian nations, with South Korea leading in Ecology (RI =
54.6), Japan and China in Ecology and Water Resources (Japan 35.8 and 37.7; China
43.0 and 36.3 respectively). However, the three East-Asian countries have negative

specialisations in Ecology, and the contribution of South Korea to this field remains small
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Figure 8: Relative internationalization (RI) in four GEC fields
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If a country holds a large share of the reference database, as in the case of the USA, its RI
tends to deviate less from the database average compared to countries with smaller publication
output.

in absolute terms. China is the only country in our sample that combines a strong inter-
nationalization in Water Resources with a comparatively strong orientation towards this
field.
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The influence of domestic journals was checked for all four fields. Domestic journals in
English language are an important vehicle for oceanographers from India, Russia and
China to communicate results to an international audience.18 In the cases of Russia
and Australia, this international communication strategy is also linked with strong na-
tional specialisations, pointing to the existence of important oceanographic communi-
ties in these countries. In MAS, national journals play a similar role for China and, to a
lesser extent, for Australia and Japan. In the two cumulative fields, domestic journals
generally have less influence, with the exception of a Russian journal in Ecology. A
limited role of domestic journals is also observed in the cases of Canada and Australia

in Ecology, and for France and Canada in Water Resources.

Output concentration. Consistent with hypothesis (2), scientific output is more concen-
trated in systemic GEC fields than in cumulative GEC fields (table 5). In the two sys-
temic fields, more than 91 % of all publications carry author affiliations from the 20
largest producing countries. Output concentration in Ecology is close to and Water Re-
sources considerably below the database average. Although output concentration is
still high in the field of Water Resources, these aggregate values indicate more partici-

pation by countries that are smaller in terms of scientific output.

Table 5: Output concentration across GEC fields (% of articles)
2002-03 SCI Meteo & Oceano- Ecology Water
Atmos graphy Resources
Top 20 countries™ 86.8 92.7 91.3 86.2 81.8
USA 33.0 47.7 45.8 41.2 27.6
Japan 9.3 8.0 7.7 3.1 4.3
UK 8.1 9.5 10.3 111 8.0
Germany 8.3 11.0 9.6 5.7 5.8
France 5.8 7.5 8.5 5.6 6.7

Source: SCI via host STN. Country assignment on the basis of whole article counts

* The 20 countries with the largest scientific output are searched as a group to avoid double
counts of intra-group international publications.

18 Domestic journals contain large portions of national output in a field but low shares of inter-
national publications, e.g. "Indian Journal of Marine Sciences" (49 % of Indian publica-
tions); "Oceanology" and "Izvestiya Atmospheric and Oceanic Physics" (74 % of Russion
publications); "Marine and Freshwater Research" (24 % of the Australian publications);
"Acta Oceanologica Sinica" (30 % of Chinese publications).
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Collaboration with developing, emerging and transition countries. The differences in the
degree of internationalization between systemic and cumulative fields are not repro-
duced in collaboration with DET countries (table 6). INI DET is highest in Water Re-
sources (9.7 %) and lowest in Oceanography (7.6 %). However, the difference is much
more striking if we consider the fraction of DET collaborations in all international col-
laborations. Consistent with hypothesis (3), it is evident that DET countries play a more
important role in the internationalization of Water Resources than in the three other
GEC fields: 49.8 % of all international publications in Water Resources include author-
ships from at least one DET country, as compared to 33.6 % in MAS, 38.6 % in Ecol-
ogy and only 31.1 % in Oceanography. This finding supports the conclusion that mo-
tives related to technology transfer and capacity building are an important factor for

international collaborations in Water Resources.

Table 6: International collaboration across GEC fields (%)
2002-03 Meteo & Atmos Oceanography Ecology Water Resources
INI total (A) 25.8 243 21.3 18.7
INI DET (B) 8.7 7.6 8.2 9.3
DET ratio (B/A) 33.6 311 38.6 49.8

Source: SCI via web of science

On the country level, the strongest differences between DET ratios in Water Resources
and other GEC fields are found in Japan, France, Netherlands, Canada, Spain, and
Sweden. 63.7 % of Japan's international publications in this field also include authors
from DET countries. Still, in absolute terms, the USA remains the largest collaborator of
DET countries in Water Resources, with South Korea, China and Taiwan as its most

frequent partners, followed by Brazil, Mexico, Turkey and India.

Apart from a country's attained level of scientific capacity, cultural and geographic ties
shape the channels of DET collaboration: Japan's most prominent collaboration partner
in Water Resources is China, followed by South Korea and Taiwan. France collabo-
rates most frequently on water issues with authors from Mexico and Morocco, followed
by Algeria, Brazil and Tunisia. Canada's most frequent partners are China, India and
Mexico. Spain collaborates with Mexico, Brazil and Cuba; the Netherlands with China,
followed by Egypt and India. Sweden's most frequent DET partners in Water Re-

sources are China, the Czech Republic, India and Poland.
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Figure 9: DET ratio in four GEC fields (% of international publications)
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Large regions are barely included in global change science. Taking Africa as an exam-
ple19, we observe a striking difference between systemic and cumulative fields: MAS
and Oceanography include authors from African countries in 6.6 % and 6.7 % of inter-
national publications, as against 17.5 % and 18.4 % in Ecology and Water Resources,
respectively. However, these small numbers of African collaborations are very concen-
trated, with authors from South Africa in more than half of international publications

across fields.

3.5 Conclusion

Nature-society interaction is becoming increasingly knowledge-intensive. As yet, bibli-
ometric indicators are rarely used to monitor environment-related knowledge produc-
tion and knowledge transfer, although this is common practice in other high-tech fields,

such as nanotechnology (Heinze 2004; 2006). Our results confirm that linking biblio-

19 This definition of African countries excludes Arab states as a separate regional category.
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metric data, sociological theory and insights in cognitive field structures advances our

understanding of internationalization patterns in earth and environmental research.

International collaboration is a central feature of scientific work organization in the sci-
entifically most advanced countries, but it also contributes to capacity building for DET
countries. Few studies have investigated internationalization in environmental fields
and their comparability is limited. Our findings demonstrate that different spatial prob-
lem structures of GEC can explain different levels of internationalization across EES
fields. In particular, the high mutual task dependence generated by problems of sys-
temic GEC leads to levels of internationalization that are matched by few other SCI
fields. On the other hand, knowledge transfer and capacity building are important mo-
tives for international collaboration in application oriented fields, as shown by very high
DET ratios in Water Resources. Output concentrations suggest that pressing environ-
mental problems, e.g. water management issues, attract more scientific attention in
DET countries than long-term environmental risks characterised by high scientific un-
certainties. The present study of international co-authorships is complemented by an
institutional analysis that compares the role and design of important international scien-

tific collaboration programmes in systemic and cumulative GEC (Jappe 2005).

Science is at the core of our society's capabilities to improve eco-efficiency, to manage
natural resources, to anticipate environmental risks, and to adapt to long-term global
change in climate and ecosystems. Therefore, we suggest that STI research should
examine environment-related knowledge production in a more comprehensive manner
(cf. Cash et al. 2003). The study of international collaboration patterns is a small but
important part of a larger endeavour to conceptualize and observe environment-related
STI capacity development in scientifically advanced, emerging and developing coun-

tries.
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The present geological age is called Anthropocene because hu-
manity is a strong driving force for change in the Earth system.
At the same time, nature-society interaction is becoming increa-
singly knowledge-intensive as social systems operate at the
edges of ecological carrying capacity.

Humanity's planetary environment is large and heterogeneous,
but scientific activity is concentrated in a limited number of in-
dustrialised countries. What does this strong disparity in the
spatial distribution of environmental phenomena and scientific
activity mean for international collaboration in Earth and envi-
ronmental sciences? The bibliometric literature shows that some
EES fields are among the most internationalised fields of science
while in others internationalisation is below average, yet no con-
sistent explanation of these findings has been offered.

Theoretical Explanation for Different Levels
of Internationalisation across Fields:

»Two types of cognitive problem structures influence the
social organisation of Earth and environmental sciences:

Systemic GEC research treats global environmental systems,
i.e. the climate system, geochemical life support systems or the
total Earth system. The investigation of change in global
systems /inherently depends on a global perspective.

Cumulative GEC research investigates changes that occur on
local and regional scales but are globally so widespread that a
significant fraction of the world's total areal or total natural re-
source is affected. This type of research can be conducted inde-
pendently at many places. Examples for cumulative problems
are biodiversity loss, soil degradation or water scarcity.

»Mutual task dependence among scientists (R. Whitley) is
higher in systemic fields because synoptic observation of global
systems requires big investments in observation systems, com-
puting capacity, and international coordination, and because
standardized datasets and numerical models enhance cognitive
integration of research efforts worldwide (e.g. General Circula-
tion Models).

Systemic fields conduct long-term fundamental research; cumu-
lative GEC fields include fundamental and applied research.

»Hypothesis 1: Stronger mutual task dependence causes
more frequent international collaborations in systemic
GEC research (comparison of INI total in Table 1).

» Hypothesis 2: Participation of developing, emerging and
transition (DET) countries in international collaboration
is higher in applied research on local environmental re-
source management and engineering (DET ratio in Table 1,
Figure 2).

Field Selection: Meterology & Atmospheric Sciences and Ocea-
nography contain large portions of systemic GEC research,
whereas Ecology and Water Resources contain very little.
Ecology is predominantly basic research, Water Resources appli-
cation oriented.

Main results are shown on the right. More findings are discus-
sed in a forthcoming paper:

Jappe, A. (2006). Explaining International Collaboration in Global Environ-
mental Change Research. Scientometrics. (forthcoming).
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Figure 1: 21 Environmental Science Fields in the SCI

Research on: .Geosphere . Biosphere . Environmental Management & Engineering
SCI subject categories 2001-03, field size and overlap based on article counts

Table 1: International Collaboration in Four GEC Fields

Problem Type Systemic GEC Cumulative GEC
2002-03 Meteo & Oceano- Ecology Water
Atmospheric graphy Resources
INI total (A) 25.8 24.3 21.3 18.7
INI DET (B) 8.7 76 82 9.3
DET ratio (B/A) 336 31.1 38.6 49.8

INI: Share of internationally co-authored papers; DET: group of developing, emerging, and
transition countries; Source: SCI web of science.

Figure 2: Collaboration with Developing, Emerging, & Tran-
sition Countries as Share of International Publications (%)
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This research was carried out as part of a PhD project, Supervisor Prof. Dr. Peter Weingart, IWT University Bielefeld.
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4 International collaboration for global environmental

research. A comparison of IGBP and Unesco-IHP

An earlier version of this paper (Jappe, 2005) was presented at the Berlin Conference
on the Human Dimensions of Global Environmental Change, "International Organisa-

tions and Global Environmental Governance", Berlin-Potsdam, 2-3 December 2005.

4.1 Introduction

The image of a small blue-green planet against the black background of space has
become a cultural emblem for the globalization of relationships in a limited and fragile
environment (Jasanoff 2001: 10). Yet the abilities to observe the environment are dis-
tributed extremely unequally on this globe: most environmental research and monitor-
ing are hitherto carried out by advanced industrialized countries. This geographic con-
centration of scientific and technological capabilities is one of the main obstacles to the

development of a global knowledge base on environmental changes worldwide.

This paper investigates international collaboration programmes as a form of organiza-
tion that supports the development of global environmental knowledge. We compare
two cases of international collaboration programmes, the International Geosphere-
Biosphere Programme (IGBP) which is sponsored by the International Council for Sci-
ence (ICSU) and the International Hydrological Programme (IHP) of the United Nations
Educational, Scientific and Cultural Organization (Unesco). These cases represent
different research goals and organizational formats: IGBP aims for international coordi-
nation in research on global change in the earth system, while IHP aims for scientific

collaboration to enhance sustainable water management globally.

The present study has two objectives. Firstly, we take the two selected cases as his-
torical examples for capacity development in environmental sciences and aim to un-
derstand their objectives and institutional design. Secondly, by means of a systematic
case comparison, we seek to identify organizational factors of more general importance

for the success of international collaboration initiatives in environmental sciences.

The International Geosphere-Biosphere Programme was selected because it is a clear-

cut example of a tradition of scientific internationalism that is associated with the Inter-
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national Council for Science. This institutional tradition of large collaboration pro-
grammes leads from precursors in the late 19th century across the famous Interna-
tional Geophysical Year in mid-century up to contemporary programmes in global envi-
ronmental change (GEC) research (Greenaway 1996). Since the mid-1980s, the initia-
tive to build an IGBP contributed to the establishment of a new interdisciplinary re-
search field, the investigation of interactive biological, physical and geochemical proc-

esses on the global scale (Mooney 1998).

The second case is the International Hydrological Programme which was selected be-
cause it originated in the same tradition of international collaboration programmes as
IGBP but evolved along entirely different pathways — connected to the fact that it was
institutionalized as a permanent Unesco-based activity in 1974. The International Hy-
drological Decade, a precursor to the IHP which lasted from 1965-1974, contributed to
the international recognition of hydrology as a scientific discipline. Related to the spon-
sorship by Unesco, IHD and IHP always placed great emphasis on university education
for students from developing countries. However, as an institution, IHP was not able to
keep up with the subsequent growth of the discipline of hydrology. Today it appears as
a rather small player among a variety of international water initiatives (Varady/lles-Shih
2006). Yet IHP's focus on scientific collaboration remains a distinguishing trait in this
field.

The present study identifies an important research gap, as neither the international
collaboration programmes in the ICSU tradition nor the issue of capacity development
for global environmental knowledge have been treated so far by scholars in sociology
or social studies of science. Most of the literature on international collaboration pro-
grammes and the development of environmental science fields that we refer to has
been written by historians of science (Doel 2003; Edwards 2001; Edwards 2004;
Elzinga 1996; Golley 1993; Greenaway 1996; Haas/McCabe 2001; Hamblin 2005;
Miller 2001; Oreskes/Doel 2003; Reuss 2003; Weart 2004; Weart 2005a; Weart
2005b), yet to our knowledge, the cases of IGBP or IHP have not yet been studied.
Therefore, the literature on these cases comes mainly from scientists who were in-
volved with either initiative, for IGBP: (Fleagle 1992; Kaye 2004; Malone 1986;
Malone/Corell 1989; Mooney 1998; Rapley 1999; Steffen et al. 2001) and for IHP:
(Batisse 1964; Batisse 2005; International Hydrological Programme (IHP) 1991; Nace

1964). In addition, grey literature on each programme has been analyzed.
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In terms of theoretical concepts, we rely on Richard Whitley's theory of scientific work
organization (2000) and on Niklas Luhmann's theory of the science system (1992).
These authors draw a sophisticated picture of the social organization of science in
general, yet they make no specific reference to environmental sciences, nor do they
treat the topic of capacity for sustainable development. However, in the light of this
framework it is clear that the organization of large scientific collaboration programmes
is no trivial exercise. Decisions to collaborate are for the most part taken by individual
scientists, not on the level of research organizations (Stichweh 1999), so that the num-
ber of potential partners is high and individual research priorities are likely to be het-
erogeneous. Besides, research funding is allocated by specialized national agencies
which are foremost concerned with national policy processes. Thus, collaboration un-

der a unifying international framework appears unlikely from the outset.

The cases are contrasted on two dimensions. With reference to Whitley, we investigate
the relationship between cognitive structures and the social organization of scientific
collaboration. We distinguish two types of global environmental change to characterize
a basic difference in cognitive problem structures: environmental problems can be
globally systemic (example of IGBP) or cumulatively global (example of IHP) (Turner et
al. 1990). We link this geographical difference to Whitley's notion of mutual task de-
pendence among scientists, a dimension of work organization that varies with the na-
ture of a research task (2000). By comparing our two cases, we show that differences
in the cognitive structure (systemic versus cumulative GEC) have an influence on the
allegiance and participation to a programme on the part of scientists. This relationship

can be explained by differences in the associated level of mutual task dependence.

The second dimension consists in the distinction between the science system and po-
litical system. As an institution, IGBP belongs to the science system, whereas IHP
represents an institutional hybrid between science and international politics. We inves-
tigate the coupling of science and politics in both cases (Luhmann 1992; Weingart

2001) and analyze implications for scientific allegiance and participation.

By way of the individual case studies and by systematic comparison (Kelle/Kluge
1999), we investigate the implications of both dimensions for capacity development.
We find that the design of IGBP is in several ways superior to IHP's in organizing scien-

tific collaboration, but this successful model can not simply be transferred to environ-
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mental science fields with a very different problem structure. The history of the ICSU
programmes suggests that large-scale collaboration and the cognitive integration of
systemic GEC research are mutually reinforcing social and cognitive developments. A
simple transfer of organizational structures to cumulative research fields such as biodi-
versity and human dimensions research apparently failed to generate broad allegiance
from respective scientific communities. The main problem with IHP is the limited ability
for programme growth that is a consequence of the intergovernmental administration.
Yet IHP has been recently experimenting with a new approach for regional capacity
building, an institutional network of regional water centres. This concept could be an
interesting starting point for further comparative research in collaboration for global

environmental knowledge.

Apart from the analysis of information from the scientific literature, grey literature, pro-
gramme websites and official documents by Unesco and IHP, this study is based on
twenty interviews with key participants of international programmes in the USA, Ger-
many (IGBP und Global Water Systems Project) and France in 2004 and 2005 and
during a three month stay at IHP secretariat, Paris in autumn 2005 (cf. annex on page
147). During this period we also attended sessions of the 33rd General Conference of
Unesco and took part in an international scientific conference on the history of Unesco
on the occasion of the organizations' 50th anniversary. An earlier version of this text
(Jappe 2005) was presented to Mr. Szollési-Nagy, secretary of Unesco-IHP and was

made public on the official IHP website in 2006.

The chapter is structured as follows: section 4.2 presents the case study of the Interna-
tional Geosphere-Biosphere Programme, section 4.3 the case study of the International
Hydrological Programme. Each time we give a brief introduction to the history of the
programme (4.2.1; 4.3.1), then we describe the organizational structure (4.2.2; 4.3.2).
Subsequently, we discuss specific aspects of each programme with regard to the cog-
nitive problem structure (4.2.3) and the institutional linkage of science and politics
(4.3.3), and analyze the breadth of international participation to each programme
(4.2.4; 4.3.4). Section 4.4 summarizes the findings of the case comparison and dis-
cusses implications for further research, while section 4.5 draws some general conclu-
sions concerning the design of international collaboration programmes in global envi-

ronmental research.
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4.2 The global view of environmental change:
the case of IGBP

4.2.1 History of global environmental change programmes

The International Geosphere-Biosphere Programme is part of an institutional tradition
of scientific collaboration programmes (figure 11) that goes back to the International
Geophysical Year in 1957-58 and to its precursors, the First and Second International
Polar Years in 1882-83 and in 1932-33 (Millbrooke 1998). At the height of the Cold
War, the IGY is the first incident of (nearly) globally coordinated research and a col-
laborative venture of unprecedented scope. The idea for a global study emerged in the
early 1950s initially from research on the ionosphere, i.e. on layers of iones in the up-
per reaches of the atmosphere which are important for the transmission of radio sig-
nals. Eventually, the IGY included fourteen disciplinary areas. Approximately 60,000
scientists and technicians from 67 countries participated. Earth observation from space
started with the launch of the satellite Sputnik | by the Soviet Union. For the first time,
"world data centres" were created to collect and store observational data for long-term
use (Greenaway 1996: 161).

The organization of the IGY was led by the International Council for Science (ICSU), a
nongovernmental scientific organization with membership of international scientific un-
ions (cf. Drori et al. 2003), such as the International Union of Geodesy and Geophysics
(IUGG) or the International Union of Biological Sciences (IUBS), and national scientific
members, in most cases national scientific academies. ICSU created a special commit-
tee, the "Comité Scientifique pour I'Année Géophysique" CSAGI which invited all inter-
ested scientific unions and national members to submit proposals for observation pro-
grammes (Greenaway 1996). The most important criterion in selecting research topics
for the IGY was that problems require "concurrent synoptic observation at many points

involving cooperative observations by many nations" (cited in Greenaway 1996: 153).

The scientific success of the IGY and the support by many governments inspired a
number of subsequent collaboration efforts. In the aftermath, ICSU created three new
committees for international collaboration on Antarctic, Oceanic and Space Research.
The organizational model of the IGY was followed by large collaboration programmes

in other disciplines, such as the International Years of the Quiet Sun (Greenaway 1996:
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158), the International Biological Programme from 1964-74 (Golley 1993; Greenaway
1996: 172-176; Kwa 1987), and the International Hydrological Decade from 1965-74,
which for the first time estimated the global water balance (Batisse 1964; Batisse
2005). In this way, a new tradition of scientific internationalism was founded. The IGY is
widely held to mark "the beginning of the new view of the earth that characterised sci-
entific cooperation in the second half of [the 20th] century" (Greenaway 1996: 156; see
also Malone 1986).

In the following decades, the scientific view of the planet was transformed by the emer-
ging concern over global environmental change (Fleagle 1992). From the scientific and
technological interest in the ionosphere, the focus of collaboration moved to weather
prediction, climate research, biogeochemical cycles and to the study of the total earth
system. An intermediate step on this way was the Global Atmosphere Research Pro-
gramme (GARP 1967-1980), jointly led by ICSU and the UN World Meteorological Or-
ganization (WMO). GARP aimed to strengthen meteorological services and research,
with particular emphasis on the use of meteorological satellites. According to Greena-
way, the GARP Global Experiment or Global Weather experiment 1978-79 was the
largest experiment hitherto undertaken and "may be taken as the starting-point for the

gradual improvement in weather forecasting" (1996: 188).

Subsequent to GARP, ICSU and WMO jointly established the World Climate Research
Programme (WCRP) which became operational in 1980. The transition from GARP to
WCRP marks the shift in focus from weather forecasting to the study of the global cli-
mate system. The main objectives of the WCRP were formulated in 1980, but they are
still valid 25 years later:

"The two overarching objectives of the WCRP are to develop the fundamental scientific under-
standing of the physical climate system and climate processes needed to determine to what
extent climate can be predicted and the extent of human influence on climate (...) Today, the
WCRP encompasses studies of the global atmosphere, oceans, sea- and land-ice, the bio-

sphere and the land surface, which together constitute the Earth's climate system"
(http://werp.wmo.int/About_Aims.html).

Soon after the establishment of the WCRP, a new initiative was started to take an even
wider view by "uniting geophysics and global ecology" in a new earth system frame-
work (Malone 1986: 9). The International Geophere-Biosphere Programme (IGBP) was

designed to tackle the new interdisciplinary field of global life support systems:
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"In the context of global change, the Earth System has come to mean the suite of interacting
physical, chemical and biological global-scale cycles (often called biogeochemical cycles) and
energy fluxes that provide the conditions necessary for life on the planet” (Steffen et al. 2004a).

The ICSU-led initiative was stimulated by the institutional reliance of WMO on a single
disciplinary base which, according to Haas/McCabe "impaired its ability to assimilate
information about new environmental risks" (2001: 340). The IGBP first became opera-
tional in 1990, and has started a new programme phase in 2003-05 (IGBP Il). The or-

ganizational design of the IGBP is described in more detail below (4.2.2).

The scientific agenda of climate and earth system research was made possible through
new technologies for observation and analysis, such as remote sensing and increasing
computing power. Apart from analysis and modelling, an important objective of WCRP
and IGBP is to produce new data on global system behaviour through large-scale ex-
periments in different regions of the world. These in-depth investigations are closely
linked to the enhancement of global observation systems (Kaye 2004; Lautenbacher
2006).

WCRP and IGBP follow a similar organizational model which was first implemented in
GARRP. Since the beginning of the 1990s, the successful model was also extended to
social sciences and biodiversity research. The International Human Dimensions Pro-
gramme on Global Environmental Change IHDP started in 1990 as Human Dimensions
Programme HDP. "DIVERSITAS - an international programme in biodiversity science"
first became operational in 1991. The four programmes WCRP, IGBP, IHDP and Di-
versitas constitute a family of research programmes because they organize scientific
collaboration in similar ways and because they are all sponsored by ICSU, in partner-
ship with various other nongovernmental scientific and intergovernmental organiza-
tions.20 This relationship has been underlined through the formal establishment in 2001
of an "Earth System Science Partnership" (ESSP) with collaboration projects between
the four programmes. Nevertheless, IHDP and Diversitas are still much smaller in
terms of the number of associated scientists and research support than WCRP and
IGBP.

20 WCRP is sponsored by WMO, Unesco I0C and ICSU; IGBP by ICSU; DIVERSITAS by
IUBS; ICSU-SCOPE, Unesco, ICSU, and IUMS; IHDP by ISSC and ICSU.
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Figure 11:  International scientific programmes on global environmental
change research — the ICSU tradition
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4.2.2 Organizational structure of the International Geosphere-

Biosphere Programme

The basic idea of international collaboration in the ICSU tradition is that a large number
of scientists, of many national and institutional affiliations, coordinate their work under
one framework to achieve shared scientific goals. As the example of IGBP makes
abundantly clear, multi-actor coordination in science is no simple task. Since the deci-
sion to collaborate is taken by individual scientists (Stichweh 1999), the core variable to
describe a programme's capacity is the allegiance and support that it receives among

the scientists in relevant intellectual fields (Whitley 2000).

Scientific allegiance is shorthand for the willingness of scientists to devote their time,
wits and energy to a programme's objectives through carrying out research and, equal-
ly important, through coordinating their own research with the work of other scientists.
Coordination is time-consuming and may have a distracting effect on the pursuit of new

research venues that are judged most promising by the individual scientist. Therefore,
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coordination under a unifying framework is not to be taken for granted in the study of
scientific work organization, nor should it be recommended in all cases, regardless of

subject and research context.

The organizational scheme of the four GEC programmes in the ICSU tradition is simi-
lar, so that many points of this analysis are generalizable to all four programmes. IGBP
is best described as an institutionalized network of scientists. It has been estimated
that approximately 10,000 scientists participated in IGBP research during phase |
(Steffen et al. 2004a: 305). In terms of sociological systems theory, the programme
belongs to the functional system of science (Luhmann 1992). IGBP is sponsored by the
nongovernmental ICSU, is committed to basic research and has no direct institutional
linkages to national or international arenas of environmental politics. ICSU's sponsoring
role chiefly consists in enablement and support of contacts into the scientific communi-
ties and organization of meetings (cf. Andresen/Agrawala 2002: 43). It also involves
certain amounts of financial resources, mainly as seed money for the development of

new programmes and projects, and for international meetings.

The planetary environment is framed in IGBP research as one global system which is
composed of interactive physical, chemical and biological processes:

"The objective of IGBP is to describe and understand the interactive physical, chemical and
biological processes that regulate the total Earth system, the unique environment it provides for

life, the changes that are occurring in that system, and the manner by which these changes are
influenced by human action" (cited after Malone 1986: 8; Mooney 1998: 38).

The organizational challenge is thus not only to bring together scientists and resources
from different countries, but to open up new interdisciplinary research to study the in-
teraction between geosphere and biosphere (Rapley 1999). After successful comple-
tion of the first decade, IGBP started a new programme phase in 2003-05 (IGBP II).

IGBP Il comprises nine "scientific core projects”, sub-programmes which are the basic
organizational sub-units. The core projects are designed as thematic building blocks
within the overall programme framework. Figure 12 shows a simplified structure of
IGBP Il. IGBP scientific core projects investigate the major compartments of the earth
(land, ocean, and atmosphere) and the interfaces between them. Cross-cutting themes
in IGBP are the modelling of global systems and paleohistoric studies of past changes

in the earth system (http://www.igbp.kva.se/).
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The scientific objectives of each core project are described in a "science plan". A group
of renowned scientists (planning or scoping committee) develops a proposal which
represents the state of knowledge and defines key research questions for the following
ten to fifteen years. During the preparation phase of a scientific core project, numerous
consultations and workshops are held, so that a large number of scientists are given

the opportunity to participate and to peer-review the proposed science plan.

IGBP has two levels of scientific leadership. The whole programme is led by a "scien-
tific committee", a group of distinguished scientists appointed by the sponsoring or-
ganizations, i.e. the scientific unions, ICSU and partnering UN organizations. The task
of the committee is to provide overall scientific guidance for the research, to develop
the overall scientific plans, to oversee their implementation and to help disseminate the
results. On the level of the scientific core projects there is a "scientific steering commit-
tee" which undertakes the detailed planning and implementation of the scientific core

project. It is composed of 10-20 scientists from different countries.

The organizational infrastructure of the IGBP scheme is decentralized. Besides the
programme secretariat, each scientific core project has its own international project
office which supports the steering committee, the implementation of the project and the
publication of results with staff on a full-time basis. Due to this decentralized infrastruc-
ture, the organizational structure of the international GEC programmes has also been
called "distributed megascience" (OECD megascience forum). International project
offices are mostly financed by the respective host country, and in some cases through

systems of national contributions.

There are two main ways in which nations allocate research funding to an international
GEC programme. One is to support research activities in scientific core projects, the
other is to provide funding for international project offices, scientific meetings and con-
ferences, the so-called international "glue money" (IGFA 1997). Many scientific core
projects do not have an overall budget at their disposal to implement their science plan.
Rather, individual scientists and research groups approach their national funding agen-
cies with research proposals that are approved by the core project's scientific steering
committee. Another possibility which is increasingly sought is funding of European con-

sortia by the European Union. In turn, the affiliation with a prestigious international
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GEC programme can improve a scientist's eligibility for national or EU research funding

and thus is an incentive for participation.

National Committees for IGBP (or GEC research more generally) exist in 73 countries.
These committees are designed as an interface to GEC research at the national level
and national S&T policy: "National IGBP or Global Change Committees assist in the
national coordination of relevant studies, facilitate linkages between national and inter-
national global change research, and often assist in the mobilization of funds to support
the central activities of IGBP".21 In contrast, they are not conceived as a communica-

tion channel between science and national environmental policy or climate policy.

Figure 12:  Organizational structure of IGBP Il
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As a consequence of the scattered funding sources, it is difficult to determine the total
amount of funding for IGBP. Resources scientists use for research under this or other
international GEC programmes are often not explicitly specified for that purpose. The
International Group of Funding Agencies for Global Change Research IGFA estimated

the global total of R&D funding for national and international GEC research in 2001 to

21 www.diversitas-international.org/national.html#national;
www.igbp.kva.se/cgi-bin/php/ frameset.php.; last accessed 14. Nov. 2005
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be in the order of US $ two billion, excluding funding for satellite programmes (US $
1,873 million from the countries represented in IGFA plus approximately 200 million
from France and Japan). Assessments of resources that are directly connected to the
international GEC programmes were undertaken twice so far, based on information
requests to the funding agencies participating in IGFA. The first assessment estimated
the total amount allocated to the international scientific core projects at US $ 513 mil-
lion for 1995, which were allocated almost entirely to WCRP and IGBP core projects.
The results of a second resource assessment in 2004 have not been published. The
responses showed difficulties in making inter-country comparisons owing to many
structural differences in the organization of GEC research and funding in the various
countries (cf. IGFA 2004).

The network character and the fragmented funding sources restrict the viability of a
hierarchic approach to programme integration. The achievement of coherence ulti-
mately depends to a large degree on the personal effort and time that participating sci-
entists are able and willing to invest in exchange and integrative work. The following
quote from H. Mooney, who played a central role in IGBP |, summarizes this experi-
ence:

"The reality of funding possibilities made IGBP a mix of bottom-up and top-down science. The
IGBP planning process developed a community agreed-upon research agenda, based on a new
research paradigm, and a structure to accomplish the required interdisciplinary research efforts.
However, research funding, to a large extent had to come from the efforts of individual scientists
captivated by the challenges and opportunities of a new kind of science. (...) funding for re-
search for the IGBP is piecemeal coming mainly from national science programmes, most often
not explicitly for one of the core projects. This is quite different than what happened with the
IGY, or even the IBP, where funding was provided by governments specifically for these efforts.
The more diffuse funding base for the IGBP has certainly been constraining but not totally limit-

ing probably because of the dedication and conviction of the scientists involved. (...)" (Mooney
1998: 47f.)

Therefore, the most significant capital of this programme is the allegiance and support
by scientists from the respective scientific communities. Input and feedback from a lar-
ger scientific community by means of consultations, scientific workshops and confer-
ences are sought, especially during the planning phase of new scientific core projects,
and for the review of achievements and the integration of results at the end of a pro-
gramme phase. Chris Rapley, executive director of IGBP 1994-97 conveys the enthu-
siasm of one of these scientific meetings:

"In my opinion, the greatest success of the IGBP has been its demonstrated capacity to assem-
ble such international, interdisciplinary groups. It has attracted nearly two hundred of the world's
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top ranking scientists to carry out the ongoing planning and oversight of the programme, which
now involves some ten thousand researchers and technical support staff from over one hundred
nations (...). Last year, we brought all the Scientific Steering Committee members together for
the first time, after nearly ten years; (...) We had Nobel Prize winners and Tyler Prize winners
present, and the consensus view was that it was one of the most intellectually vibrant events
that any of them had participated in, largely because the attendance list was like a "Who's who"
of the bio- and geochemistry elements of Earth system science." (Rapley 1999).

IGBP by itself has no direct institutional linkage with the political system, apart from
linkages with research policy through national committees. Yet a well-known interface
in the surroundings of the IGBP is the Intergovernmental Panel on Climate Change
(IPCC). In regular intervals, the IPCC assesses the scientific background, appraises
potential impacts of climate change and options for adaptation and mitigation. The
IPCC's fourth assessment report is published in 2007. As a research programme, IGBP
contributes to the science that is assessed through IPCC, because IGBP is an interdis-
ciplinary extension from physical climate research to climate-related biological and geo-
chemical processes. IPCC as an institution is designed to manage the boundary be-
tween science and international politics (cf. Farrell/lJager 2006). Through elaborate
procedures a broad scientific review process is connected with intergovernmental ne-
gotiation on the summary for policy-makers. The development of the IPCC since its
foundation in 1988 and its role for international climate policy are well documented in
the literature (Agrawala 1998a; Agrawala 1998b; Haas/McCabe 2001; Shackley 1997;
Siebenhiiner 2006).

423 Mutual task dependence in the study of global systems

The organizational challenge of international GEC programmes is to coordinate scien-
tific work and funding sources from many different countries under a common frame-
work. IGBP responds to this challenge through a lean and distributed organizational
format that leaves autonomy to the different scientific sub-programmes. It emphasizes
cognitive over hierarchical modes of programme integration, mainly through scientific
debate and peer review in the planning phase and in the synthesis of results, either on
the project level or on the level of the whole programme. Yet the capacity of the IGBP
scheme to coordinate the work of hundreds or even thousands of scientists from differ-
ent countries cannot be understood solely in terms of the lean and flexible organiza-

tional blueprint.
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In this section it is argued that the organizational model of IGBP is so powerful because
this research area of GEC is characterized by a high level of mutual task dependence
among scientists which is strongly influenced by a particular spatial extension of re-
search problems. Following Turner et al. (1990), this type of spatial extension can be
called "globally systemic":

"In the first or systemic meaning, 'global’ refers to the spatial scale of operation or functioning of
a system. A physical system is global in this sense if its attributes at any locale can potentially
affect its attributes anywhere else, or even alter the global state of the system. (...) Globally
systemic changes need not be caused by global scale activity, only the physical impacts of the

activity need to be global in scale, manifested through the systemic adjustments that follow".
(Turner et al. 1990: 15f.)

The collaboration scheme of the international GEC was developed to investigate global
systems, i.e. the climate system, biogeochemical cycles, global life support systems,
and the total earth system. All fields that investigate GEC from a global systemic per-
spective depend on synoptic observations at the global scale, even though particular
investigations are conducted on a broad range of spatial scales and may even deal

with the sun and other planets.

The spatial extension of "global systemic" research problems has important implica-
tions for the cognitive structure and social organization in research fields, i.e. for the
coordination and integration between research conducted at different geographic sites.
These implications can best be understood by applying Richard Whitley's concept of
"mutual task dependence" which he introduced for the analysis of scientific work or-
ganization. Whitley argues that in modern sciences as "systems of jointly controlled
novelty production”, researchers have to make new contributions to knowledge in order
to acquire reputations from particular groups of colleagues. The more researchers have
to use the "specific results, ideas, and procedures of fellow specialists in order to con-
struct knowledge claims which are regarded as competent and useful contributions" in
a given field, and the more they need to "co-ordinate task outcomes and demonstrate
adherence to common competence standards”, the more coherently and integrated this

research is organized and conducted (Whitley 2000: 85-88).

In the light of Whitley's concept, systemic GEC research fields show remarkably strong
mutual task dependence. Systemic fields show high levels of coordinated data collec-

tion and data standardization which are necessary to build and operate large-scale
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observation systems. They also demonstrate a strong cognitive integration of research

findings in global theoretical frameworks and numerical models.

For example, there is already a long tradition of international cooperation to establish
and enhance global observation systems which combine observations on the ground,
by ships and buoys, airplanes and satellites. The oldest worldwide operational system
for meteorology is the World Weather Watch/GOS, established in 1963 under the aus-
pices of WMO. As Edwards notes, "behind the emerging consensus on climate change
lie more than 150 years of slow, painful negotiations over global standards for measur-
ing, recording, and communicating about the weather" (Edwards 2004: 827). Similarly
comprehensive systems for observation of the oceanic and the terrestrial domain are

still under construction today.

Yet mutual task dependence does not merely result from the direct cooperation in
building operational observation systems, but also from the fact that global expert
communities operate with highly standardized data products. International data centres
serve the collection, storing and processing of data, ensuring open access to scientific
information (Greenaway 1996). Due to the complex operations involved in the genera-
tion of global data sets, it has been argued that global data and global models are "no
longer distinct entities, but parts of a single system for representing the world" (Weart
2005a).

Strong mutual task dependence also manifests itself in shared global frameworks, i.e.
theories and numerical models. Atmospheric general circulation modelling (AGCM) is a
prime example for task dependence through cognitive integration. GCMs are at the
centre of research on climate change and are used to integrate observations and ana-
Iytical contributions from diverse specialities (cf. history of AGCM in Elzinga 1996;
Weart 2005a). Although observation and experiments are undertaken on a broad range
of spatial scales, their ultimate purpose is to inform understanding of global system
functioning. In turn, enhanced simulation of system behaviour is seen as prerequisite
for the prediction of regional impacts. Model complexity and the requirements of com-
puting power restrict the number of approaches that are used in parallel so that re-
searchers in the AGCM field follow the development of a limited number of shared

global frameworks (Edwards 2001: 58). Experiments that systematically compare the
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performance of different models are an additional element of both cognitive and social

field integration.

The intertwined relationship between the spatial extension of problem structures and
mutual task dependence in the social organization of researchers is also evident in a
second, "global cumulative" type of GEC research field which can be defined as fol-
lows:

In the second — the cumulative — sense, 'global’ refers to the areal or substantive accumulation
of localized change. A change is global in this sense if it occurs on a worldwide scale, or repre-
sents a significant fraction of the total environmental phenomenon or global resource. (...) If
cumulative changes reach a global scale, it is typically as the consequence of worldwide or

wide-spread human activity that may not be directly registered on the major geosphere-
biosphere systems" (Turner et al. 1990: 15f.)

In contrast to global systemic GEC fields, environmental problems of the second type
are related to specific regions or ecosystems that are global by accumulation, for ex-
ample, issues of biodiversity, soil, or water management. Research in these regional
problems can be conducted independently at many places even though the phenome-
non may be globally widespread. Knowledge production on this type of problems is
often focused on smaller spatial scales and is to a greater or lesser extent place-
specific or "place-based" (Clark et al. 2004: 17). While theories and methods in place-
based fields also contain generalizations that make them applicable in different con-
texts and allow the accumulation and progress of knowledge across sites, the mutual
dependence of scientists at different places on each other's cognitive achievements
remains weaker relative to systemic fields. Scientists in cumulative fields need to co-
ordinate task outcomes and demonstrate adherence to common competence stan-
dards to a lesser degree than researchers in systemic fields. Lower mutual task de-
pendence leads to a greater diversity of approaches and reduces the pressure for a

standardization of data, methods and concepts.

The difference between systemic and cumulative GEC research fields was demon-
strated in a bibliometric analysis of international research collaboration (chapter 3).
Systemic research fields have been identified as having thicker international collabora-
tive ties between peer scientists than cumulative fields. For instance, the field of mete-
orology & atmospheric sciences (as defined by the Science Citation Index) has an INI
total of 25.8 whereas the INI score of the water resources field is 18.7 — a score which

reflects the database average score for the INI total (table 6).
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Furthermore, there is evidence for organizational problems of global research pro-
grammes in cumulative fields in comparison to systemic fields programmes. Although
cumulative programmes, such as IHDP and DIVERSITAS, are almost identical to IGBP
with regard to organizational design and structure, they had to be restructured and re-
launched a few years after their start, and they have had persistent difficulties to attract
funding for international collaboration from national funding agencies. What is even
more important, there also appear to be great differences in the allegiance and support
different international GEC programmes can claim among their respective scientific
fields.

IHDP was first launched in 1990 as Human Dimensions Programme HDP by the Inter-
national Social Science Council (ISSC). By the mid-1990s, the Scientific Council on
Global Change of the German government reported that IHDP had not achieved ad-
vances comparable to IGBP (WBGU 1996: 29). Consequently, IHDP underwent major
restructuring, including the movement of the project secretariat to Bonn. DIVERSITAS
first started operating in 1991, but only a few years later the position of the executive
director of the programme fell vacant due to insufficient funding. The programme was
discontinued and formally re-launched in 2001-02, together with the celebration of an

International Biodiversity Observation Year.

The meeting reports of the International Group of Funding Agencies for Global Change
Research (IGFA) regularly document the difficult funding situation of IHDP and partly of
DIVERSITAS. In the 2004 meeting the executive director of IHDP deplored that "there
is currently a mismatch between the increasing demand for human dimensions re-
search and institutional involvement of IHDP and the operational limitation (work force
and finance) that must be reconciled if IHDP is to function optimally" (IGFA 2004: 28).
Yet a severe deficiency in funding of IHDP was also stated in each of the preceding
years since 1996, and the same applied to DIVERSITAS in the years 1998-2002 (IGFA
reports 1996-2004).

Most importantly, international collaboration schemes in areas of cumulative global
change have suffered from a lack of strong national scientific constituencies.
Greenaway states that "although governments had high expectations of the social-
science contribution, it proved difficult to bring HDP into operation, to some extent be-

cause ISSC had yet no tradition of major international research programmes, nor did it
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possess a strong constituency of national scientific members" (IGFA 2004: 28). Today
this view is repeated among major GEC funding agencies, concluding that among the
causes for the persistent funding deficiency one finds "the importance for IHDP to build
national constituencies of scientists who can channel the scientific interests of IHDP
into relevant national funding bodies" (IGFA 2003: 16).

One of the important consequences of place-based problem structures is that synoptic
assessments of environmental conditions on large regional or global scales are espe-
cially demanding in cumulative fields, both methodologically and from the organiza-
tional point of view. Models and satellite remote-sensing can substitute for in-situ data
to a lesser extent than in systemic GEC research. For this reason, global assessments
are often compilations of existing knowledge complemented by original research at

carefully selected places (e.g. Millennium Ecosystem Assessment).

4.2.4 International participation

The scientific and technological capacity to investigate global systems has made enor-
mous advances since the establishment of the WCRP in 1980. Yet who contributes to
the international GEC programmes? At the beginning of the 21% century, scientific ca-
pacity is still heavily concentrated in a limited number of industrialized countries, as
indicated by national shares of peer-reviewed scientific publications (national publica-
tion shares). In 2003, the triad of the USA, EU-15 and Japan alone account for 70.3 %
of publications in the ISI databases Science Citation Index (SCI) and Social Sciences
Citation Index (SSCI). Many developing countries still lack the scientific and financial

resources to contribute significantly to long-term fundamental research.

To measure participation in the international GEC programmes, we analyzed the na-
tional affiliations of their scientific leadership. In 2006, the four GEC programmes com-
prise a total of 20 scientific core projects (IGBP: 9) each led by a scientific steering
committee (SSC), involving in total 266 scientists from 41 countries (IGBP: 145 scien-
tists). We also wanted to know if national representation in the GEC programmes mir-
rors the overall scientific capacity of individual countries. Therefore we compared na-
tional shares in the scientific steering committees to national publication shares in the
SCI/SSCI database.
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The findings of the participation analysis are shown in table 7. One third of all SSC
members have institutional affiliations in the USA or the United Kingdom, followed by
memberships from Japan, France, Germany and the Netherlands. Relatively strong
SSC representations are also shown by a group of rapidly industrializing countries,
including China, India, South Africa, Chile, Brazil, Argentina, and Mexico. Participation
of this group is also strong in IGBP. A dozen SSC members come from developing
countries with very low scientific capacity (<1 %o, of SCI/SSCI output), including coun-
tries in Africa (Ghana, Kenya, Ethiopia, Senegal), South America (Colombia, Costa

Rica), and Asia (Indonesia, Philippines, Sri Lanka).

A comparison with national SCI/SSCI shares shows that scientifically advanced coun-
tries differ in their propensity for engagement in international programmes: some of
them contribute more SSC scientists than might be expected from their scientific size in
the SCI/SSCI, in particular Norway, New Zealand, Denmark, the Netherlands, and Aus-
tralia. The representation of these countries in GEC programmes mirrors strong na-
tional specializations in earth and environmental sciences. In interviews conducted by
the author, scientists mentioned that the opportunities for collaboration through GEC
programmes are especially valued by these scientifically medium-sized countries. Yet
other industrialized countries remain comparatively disengaged, such as Spain, Italy,
Israel, and Austria. Furthermore, there is a conspicuous lack of SSC members from
eastern European countries. Russia is engaged with only five SSC members, three in
WCRP and two in IGBP. Poland, Czech Republic, Hungary, and Ukraine have publica-
tion shares of SCI/SSCI ranging from 1 % to 0.3 % respectively but are missing from

GEC programmes.
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Table 7: Does participation in scientific steering committees (SSC) match
national shares of publication output?
SSC Countries SSC SSC SSC country country
members members | members | members output output
per Z country % cumu- SCI/SSCI SCI/SSCI
country group lated % % cumu-
lated %
64 USA 68 25.6 25.6 30.2 30.2
24 UK 23 8.6 34.2 6.9 371
10-20 Japan, China, France, 70 26.3 60.5 25.6 62.8
Germany, the Netherlands,
5-9 Australia, Canada, India, 55 20.7 81.2 12.2 74.9
Norway, South Africa,
Chile, Brazil, Russia
2-4 Argentina, Denmark, Italy, 38 14.3 95.5 11.2 86.1
Mexico, New Zealand,
Sweden, Switzerland, Bel-
gium, Colombia, Finland,
Ghana, Greece, Kenya,
Singapore
1 Austria, Costa Rica, Ethio- 12 4.5 100.0 6.1 92.2
pia, Indonesia, Israel, Phil-
ippines, Portugal, RoC
Taiwan, Senegal, Spain,
Sri Lanka, Thailand
Total 41 countries 266 100.0 92.2

Source: programme websites for SSC membership (2006); NSB (2006) for SCI/SSCI.

Participation in the scientific leadership of the four GEC programmes demonstrates a
basic dilemma of global change research. While global coverage and the broadest pos-
sible participation are desired in principle, advanced levels of scientific capability are

needed for effective contributions to this rapidly developing research branch.

4.3 Science for regional water management:
the case of IHP
4.3.1 History of the International Hydrological Programme

Among the specialized UN agencies, a variety of programmes involve data collection
and assessment of environmental conditions, but few are dedicated to scientific col-
laboration as their main purpose. The International Hydrological Programme (IHP) is
one of these exceptions. It has been chosen for comparison because it originated from

similar roots as the international GEC programmes. Invigorated by the success of the
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IGY and in parallel with other international science programmes reaching across the
Iron Curtain, hydrologists set up an International Hydrological Decade (IHD) from 1965-
1974, led by Unesco and conducted in cooperation with other UN agencies. After the

end of the hydrological decade, the IHP was founded (Batisse 2005).

In terms of its scientific objectives and its realization as a large-scale coordinated effort,
the IHD was similar to other programmes in the ICSU tradition (section 4.2.1). One of
IHD's principal scientific outputs was a reliable estimation of the global water balance.
Prior to the IHD, estimations of the total size of the world's freshwater resources had
differed widely. To this end, hydrological monitoring networks had to be created in a
large number of countries and instruments and methods for data collection had to be
standardized (Batisse 1964). Another major objective was to advance the establish-
ment and recognition of hydrology as a scientific discipline. From the beginning, IHD/
IHP placed a strong emphasis on education, particularly at the postgraduate level. Dur-
ing the IHD, approximately 800 hydrologists were trained. An emphasis on education

was facilitated by the sponsorship of Unesco.

According to R. L. Nace, at the time responsible for hydrogeological research at the US
Geological Survey and an initiator of the IHD,
"a major purpose of the International Hydrological Decade is to gain worldwide realization that a

science of hydrology exists, that teaching, training and research must be expanded enormously,
and that many and varied career opportunities exist for hydrologists" (Nace 1964: 414).

This objective brought allegiance and enthusiasm from scientists and engineers of dif-

ferent backgrounds working on water issues (interview by the author).

After the end of this decade of hydrological research, international collaboration was
put on a more permanent basis through the creation of the International Hydrological
Programme (IHP), and the secretariat was incorporated in Unesco (Batisse 2005). In
this way, IHP has become an institutional hybrid between scientific and intergovern-
mental forms of collaboration and taken a different development path than the ICSU

GEC programmes.

The IHP is structured in successive five-year periods and has been in continual opera-
tion for over 30 years. IHP activities focus on scientific collaboration, capacity building
and education in water-related topics. Scientific collaboration projects typically start on

a regional scale and, depending on the region, there is often no clear separation of
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research and capacity building objectives. A recent example is the FRIEND regional
hydrology programme which focuses on the exchange of data, knowledge and tech-
niques to improve understanding of hydrological variability and similarity across differ-

ent river basins.

Since the 1960s, the development of postgraduate study programmes has been part of
the IHD/IHP activities, including the creation of Unesco chairs in water resources at
universities. In 2003 the Dutch government dedicated a former Dutch institution, the
Institute for Water Education IHE in Delft, to become an integral part of Unesco. This
institute has been working with developing countries for almost 50 years and is now the
most important means of water education within Unesco, while the Dutch government

continues to provide most of the institutional funding and fellowships (IHP IC-XVI-6).

4.3.2 Organizational structure of the International Hydrological

Programme

IHP's main objective is to advance member states' capacities in hydrological research
and water resources management. According to the mission statement,

"IHP is a vehicle through which Member States can upgrade their knowledge of the water cycle
and thereby increase their capacity to better manage and develop their water resources (...)".

This statement clearly states the hybrid nature of IHP, since the scientific and technical
advances are explicitly framed as capacities owned by individual nations. Whereas
IGBP's objective is to advance fundamental scientific understanding with scientific
communities as their primary audience, IHP's mission comprises both: universal pro-
gress of understanding and technology, but also progress in relation to the existing

level of water management capacity in each country.

Whereas the IGBP programme is an institutionalized network of scientists with a sci-
ence-driven agenda, the formal structure of IHP centres on the collaboration of states.
Consequently, a continuous operational challenge for IHP is to keep its intergovern-
mental governance linked with scientific collaboration activities. The main structural
components of IHP are National Committees (NCs) and an international headquarter at
UNESCO in Paris (figure 13). NCs are IHP's formal interfaces with national govern-

ments and at the same time with national scientific and professional communities:
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"The composition of a National Committee may vary from country to country, however, the IHP
Intergovernmental Council recommends that the composition include public agencies in hydrol-
ogy and water resources, private individuals, relevant university faculties and departments, re-
search institutes, consulting agencies, professional and learned societies", (www.unesco.org/
ihp/structure.shtml, last accessed 19.9.05).

NCs are more important in IHP than their respective counterparts in IGBP because
they are more directly involved in the implementation of IHP. IHP maintains that "the
efficiency of National Committees clearly determines the overall efficiency of the pro-
gramme" (IHP Bur-XXXV-3: 6).

The programme headquarter is built of hierarchical layers of decision-making. The in-
tergovernmental mechanism of the Unesco General Conference is situated at the top.
It convenes every two years and has to approve the strategy, programme lines and
budget of the whole organization. At the programme level, IHP is directed by another
body of intergovernmental representatives, the IHP Intergovernmental Council, which is
a subsidiary organ of the General Conference. Having its own intergovernmental body
provides IHP with a high degree of autonomy and almost the status of an international
organization. Formally, the IHP Intergovernmental Council has "overall governing re-
sponsibility for planning, defining priorities and supervising the execution of the IHP".
Regional representation is an important criterion for the election, but the representa-

tives usually have a scientific background related to hydrology.

The Intergovernmental Council convenes in plenary session biennially. In between
these plenary sessions, operational work is coordinated by the Bureau of the Intergov-
ernmental Council with support of the IHP secretariat. The IHP Secretariat has to coor-
dinate the interests and proposals of member states and other international organiza-
tions wishing to collaborate through IHP. To facilitate contact with national committees
and project implementation, IHP has a small number of staff in Unesco regional offices
and can use the infrastructure of Unesco field offices which exist in a large number of
countries.22 In practice, professionals at the secretariat have a central role to play in
defining directions of the programme. In that way, a tension is built into the structure
between the formal responsibility assigned to the IHP Intergovernmental Council (gov-
ernment representatives) and the scientific leadership at the operational level by the

secretariat (interviews conducted by the author).

22 Regional hydrologists are located at Unesco offices in Cairo, Jakarta, Montevideo, Nairobi,
New Delhi and Venice.
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Figure 13:  Organizational Structure of IHP
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By comparison with the IGBP scheme, the programme is less decisively geared to-
wards the priorities of scientific disciplines. For example, IHP's strategy is not exposed
to a broad peer-review at an open scientific conference. IHP is owned by member
states and has to accommodate their priorities and interests in scientific and technical
topics. The negotiation of thematic priorities is done through the preparation of a plan
for an IHP phase of six years duration. The development of this plan involves an ex-
tended communication process between national committees and the secretariat. IHP
phase planning commences with a technical task force that is in charge of drafting a
concept note outlining a proposed approach. The task force seeks proposals, com-
ments and revisions from the national committees in several iterations in order to take
the needs and interests of member states into account. The Intergovernmental Council
approves a draft and in a later session the final version of the plan. The planning
document describes a broad umbrella of themes in water research and management,
and a list of priorities under each theme. More detailed planning decisions are involved

in the biennial allocation of the Unesco IHP budget.
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As with many types of hybrid organizations, the successful coupling of spheres (in this
case science and intergovernmental politics) depends on people who are capable of
fulfilling multiple roles. The IHP secretariat has to combine the role of diplomats and
scientific professionals. As a result of its hybrid design, IHP strongly depends on indi-
vidual gatekeepers within the Unesco headquarters, field offices and the national
committees to keep up front of scientific developments. These gatekeepers are people
who ideally have the personal capability, including the personal contact networks, to
bridge science and bureaucracy. The importance of this personal capability is elevated
by the low job mobility of professional staff at headquarters as a result of their status as
international civil servants.23 Furthermore, staff recruiting is required to represent dif-
ferent world regions. At the international level, the programme cooperates with the In-
ternational Association of Hydrological Sciences (IAHS), the International Association
of Hydrogeologists (IAH), and the International Atomic Energy Association (IAEA),

among others.

4.3.3 Constraints to programme growth

Besides the coupling of science and intergovernmental relations, the other major op-
erational challenge of the hybrid structure is programme growth. In response to the
needs of member states and due to its orientation towards societal benefits of scientific
achievements, IHP's thematic agenda has displayed a remarkable thematic broadening
over the successive programme phases. Since the 1960s, the scope of issues was
extended from the hydrologic research-driven IHD and IHP phase I, to the more practi-
cal goal of integrating science and rational management of water resources (phase Il
and lll), to a stronger inclusion of environmental issues and ecosystem management
(phase IV and V), while more recently an increased emphasis is placed on water and

social issues (phase VI and VII).

A broader remit allows IHP to accommodate almost any upcoming topic or need of
member states in the area of water resources management. Yet the thematic broaden-
ing tendency has not been accompanied by a strong growth of staff or resources, as

might be expected if all these thematic areas were to be covered. The fact that IHP's

23 Recently, a policy of staff rotation between Unesco headquarter and field offices was intro-
duced as part of an organizational reform (UNESCO 32 C-32:11).
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infrastructure is financed as part of the Unesco regular budget secures organizational
continuity over time, but at the same time severely restricts the programme's growth

potential.

Unesco's regular budget covers costs for staff at headquarters and in the regional field
offices and costs for activities. Activities include studies and research, conferences and
meetings, publications, training courses, seminars and workshops, and technical and
advisory services (UNESCO 32 C-5Appendix Ill: 316). IHP is not equipped to fund the
implementation of research projects or capacity building in member states. Apart from
limited amounts for travel, workshops, or publications, implementation has to be borne
by member states or other donor agencies. Member states also cover the costs of rep-
resentatives to IHP governance bodies (except for the IHP Bureau). Since there is no
central budget for programme implementation, accounts of the total costs of national
and regional activities tied to IHP are lacking, similar to the situation in the case of
IGBP.

IHP can only increase the volume of its regular budget if Unesco's regular budget
grows as a whole or if the programme's share in this budget increases. Under the Di-
rector General K. Matsuura, "water and associated ecosystems" have been assigned a
principal priority within Unesco (UNESCO 31C-4: 32). After a long period of stagnation
and relative decline of IHP's size, this prioritization led to an increase of the budget for
IHP activities (excluding personnel) from US $ 2.76 million in the biennium 2000-01, to
$ 8.91 million in 2004-05 and projected as $ 8.80 million in 2006-07 (figures from IHP
IC-XVI-Inf. 6 and Unesco 33 C-5 Rev Annex |). IHP has currently 10 professional staff

at the central headquarter and six at regional offices.

Beyond its regular budget, Unesco administers extra-budgetary funds contributed by
member states, other UN specialized agencies, or international donors for particular
purposes. Extra-budgetary funds account for a growing portion of Unesco's overall
budget.24 As for IHP, extra-budgetary resources amounted to $ 3.78 million in the bi-
ennium 2004-05, or 42 % of the regular budget for activities (IHP IC-XVI-Inf.3: 1). While

extra-budgetary funding is a viable option to increase the volume of programme activi-

24 In the biennium 2006-07, UNESCO's regular budget is projected at a volume of US $ 610
million, plus $ 395 million extra-budgetary funds (UNESCO 33 C-5 Rev.Appendix I: 32).
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ties, this growth option is practically limited by the fact that regular staff is required to
direct and administer the additional projects.

"With the large increase in extra-budgetary funding in recent years, ensuring the necessary
administrative support becomes more critical. The administrative load cannot be handled by the
current regular programme staff of the Division of Water Sciences (whose function is not any-
way to tend to this type of requirements). The capacity of the Science Sector administration also
seems to be reaching its limit. New mechanisms by which the extra-budgetary funding itself can

be used effectively to provide this kind of support within the administrative framework of
UNESCO must be found"; (IHP IC-XVI-Inf.11: 3).

By comparison with the bureaucratic intergovernmental infrastructure of IHP, the IGBP
scheme can accommodate programme growth much more elegantly through the estab-
lishment of new scientific core projects with their own decentralized project office. By
way of assigning temporary project leadership, IGBP can rely to a large extent on the

employees and infrastructure of universities and research organizations.

Another growth restraining factor for Unesco-IHP is the fragmentation of water-related
competencies among UN specialized agencies (see also Varady/lles-Shih 2006). Re-
cently, an inter-agency mechanism was initiated as a follow-up of the water-related
decisions of the World Summit on Sustainable Development and the water-related Mil-
lennium Development Goals (IHP IC-XVI-Inf.17). The simple fact that 24 UN agencies
and other bodies participate in this "UN Water" inter-agency mechanism is indicative of
the present degree of fragmentation of water related action and the associated poten-

tial for overlap and competition within the UN family.

4.3.4 International participation

Since the development of national scientific capacity figures prominently in IHP's objec-
tives, one might expect that participation in IHP to be broader and more diverse com-
pared to the international GEC programmes. Yet only limited data are available to do-
cument this case. Global coverage in IHP means that each country is represented by a
national committee. The national committee (NC) is designed as an interface between
knowledge and decision-making in national water management. The vision of the IHP
secretariat is to upgrade NCs "up to a level in which they have clear links with the deci-

sion-making apparatus of each country" (interview conducted by the author).

The IHP website lists 164 countries with an IHP NC or at least a national contact per-

son (focal point). There is no regular record of participation in IHP In 2002-03, an
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evaluation of IHP phase V was conducted by a team of external evaluators. This
evaluation concludes that many NCs are ineffective (IHP 2003: 5, 38). However, the
evaluation did not ask NCs for explicit information on their activities or their composi-
tion. For the period of 2000-02, NCs from 42 countries submitted a voluntary report on
their activities. Many of the documented activities in lesser developed countries relate
to international conferences, workshops, publications and training courses. It is note-
worthy that these reports often fail to make a clear distinction between scientific pro-

jects that are effectively related to IHP and other national research activities in hydrol-

ogy.

The emerging picture is that IHP has some strong and many weak NCs (cf. IHP IC-
XVI-10 Annex II: 4), depending on the scientific and political interest in IHP in individual
countries and their scientific capacity. Options to activate and enhance NCs are a re-
curring topic at the IHP Intergovernmental Council. This debate shows that the role of
national committees in hydrological collaboration has become ambiguous. Representa-
tives from scientifically advanced countries, especially in Europe, emphasize the coor-
dination of scientific work and the standardization of data and methods. Yet research
collaboration between scientifically advanced countries does not depend on the in-
volvement of national water policy which is sought by Unesco-IHP. On the other hand,
representatives from developing countries emphasize the objective of regional capacity
building. They argue for a decentralized administration of Unesco-IHP through the es-
tablishment of regional IHP Intergovernmental Councils (IHP IC-XVI-10 Annex II: 3).
According to this argument, regionalization of IHP governance would increase the

commitment and facilitate access for participants in developing countries.

The present state of this debate is a system of regular regional meetings to foster re-
gional cooperation without changes in the formal organizational structure. Regional
cooperation is reported to have successfully strengthened IHP participation in Latin
America, the Arab states and south east Asia, while funding problems prevented re-
gional meetings in Africa (IHP IC-XVI-10 Annex II: 4).

The question of enhanced participation in Unesco-IHP cannot be resolved without tack-
ling the constraints to programme growth. Independent of the question of regionaliza-
tion, a higher level of activity by a larger number of participants inevitably requires a

larger number of people involved in programme coordination and support. This could
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be accomplished either by increasing the number of professional staff at the pro-
gramme secretariat — which is very expensive — or by developing a more flexible organ-
izational infrastructure. This organizational infrastructure should support the IHP objec-
tive of regional capacity development which is very different from the organization of

global systems research, as argued in section 4.2.3.

In recent years, IHP started to build a network of regional water centres (IHP/IC-XVI/6 :
2; IHP/IC-XVI/7 ). Although this strategy is still in its infancy, it is an interesting organ-
izational innovation, as explained below (4.4.3). The principal difference consists in that
collaboration is established on the level of organizations. Regional centres are re-
search and education institutions financed by national governments and affiliated with
IHP through the assignment of the legal status of "centre under the auspices of
Unesco". National governments show a growing increasing interest in this affiliation,
since membership in this network can convey prestige to a national science institution
and can facilitate access to international expert communities. Compared with collabora-
tion under IHP in its present form, the main advantage consists in the decentralized
organization and long-term support for local capacity development. This new approach

could help to significantly expand IHP's reach and associated expertise.

44 Discussion

In the preceding sections we analyzed the cases of IGBP and IHP individually. In this
section we discuss the results of this comparison and present questions for further re-

search.

441 Findings of the structural comparison

The most crucial asset in building an international scientific programme is allegiance
from scientific communities. In order for a programme to obtain strong scientific alle-
giance, it must hold the promise of scientific progress and associated benefits for sci-
entific careers. We call these incentives "scientific rationales" for collaboration. In our
case studies, strong scientific rationales are indicated by an ambitious science-driven
research agenda, a strong role of peer review, and scientific leadership of programme

activities. The comparison of these variables shows that scientific rationales play a mo-
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re important role for IGBP than for IHP. Relatedly, IGBP's formal structure is superior

for organizing scientific collaboration in several respects.

IGBP stands for a strong and ambitious research agenda. It set out to develop a new
perspective that embraces the earth system as a whole (Malone 1986; Malone/Corell
1989). The goal to investigate the interacting global biogeochemical cycles gives a
common framework to all its scientific sub-programmes (the scientific core projects)
and there has been a synthesis phase to integrate results at the end of IGBP phase |
(Steffen et al. 2004a). In contrast, IHP no longer pursues an overarching research ob-
jective. Whereas the earlier International Hydrological Decade set out to estimate the
global water balance, today IHP has no central research framework, but promotes col-

laboration activities in different regions on a broad range of water-related topics.

The significance of scientific rationales is also indicated by peer review and scientific
leadership. IGBP emphasizes that a large number of scientists contribute to the devel-
opment of its science plans through open scientific meetings or conferences. By con-
trast, the six-year plan for an IHP phase is the result of the coordination between the
IHP national committees, but the IHP secretariat does not systematically consult the
opinion of international experts from different subfields. Research in IGBP is led by ca.
150 scientists from different disciplines and these mandates are confined to a period of
six years, increasing the number of participants over time. By contrast, IHP is led by a
small secretariat of permanent staff who are expected to personally combine the roles

of scientist and diplomat in a UN bureacracy.

IGBP's structure offers several important advantages. IGBP establishes direct links
between scientists from different countries through the implementation of a scientific
core project. This project-based organizational format provides a clear definition of the
purpose and scope of collaborative activities. In contrast, IHP's basic organizational
unit are permanent national committees which include participants from science, gov-
ernment officials and engineering professions. Thus, if taken literally, IHP's formal
structure would require scientists to address their national committee before establish-
ing collaboration projects with scientists from other countries. In an increasingly global-
ized work environment, this step may often prove unnecessary, especially when re-

spective national committees are not very active.
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Further, IGBP's administration is lean in that it offers few full-time positions for interna-
tional coordination. Instead IGBP relies on voluntary work by distinguished scientists
who continue to be employed by universities and public research organizations. In this
way, the costs for central coordination are kept to a minimum and there is much flexibil-
ity to engage in new collaborative activities. Consequently, the IGBP-programme type
places few structural constraints on programme growth. By contrast, IHP's centralized
bureaucratic organization restricts programme growth. Although governments can do-
nate extra-budgetary funds for programme activities, all additional funds have to be
managed through a fixed number of Unesco staff at the secretariat or the regional of-

fices.

While there are no direct measures of how many scientists participate overall in each of
the two programmes, the results of our participation analysis indicate limitations of sci-
entific allegiance in IHP. The evaluation of IHP phase V concluded that many IHP na-
tional committees are inactive, even among scientifically advanced countries, and

found little evidence for the scientific impact of IHP on current developments in hydrol-

ogy.

The main advantage of IHP consists in the good reputation that Unesco enjoys in many
developing countries. In countries which lack established scientific communities, official
channels through government can help foreign scientists to identify suitable collabora-
tion partners and to obtain permission for field work. Formal intergovernmental rela-
tions are also important in cases where public access to national hydrological informa-
tion is limited. With regard to capacity building for regional water management, the
most important asset is Unesco IHE in Delft, the Netherlands, which offers graduate
and professional training for students from developing countries. Through its long-
standing emphasis on hydrological education, IHP has been able to develop an ex-

tended contact network with experts from many developing countries.

44.2 Limited transferability of the IGBP model

The case comparison shows that the organization of scientific collaboration in IGBP is
in many ways superior to IHP's, but it also suggests that this successful model can not
simply be copied and transferred to other environmental science fields with a different

problem structure. We have argued that the organizational model of IGBP proves so
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powerful because research on global systems is characterized by a high degree of mu-
tual task dependence. Research on systemic GEC needs global observation systems,
often uses highly standardized data products and seeks to integrate findings in com-

plex global models.

The history of the ICSU programmes suggests that large-scale collaborative organiza-
tion and the cognitive integration of systemic GEC research are mutually reinforcing
social and cognitive developments. Sustained efforts at international cooperation are
required in order to establish new global observation systems — but once these sys-
tems are built, the resulting data assume the function of an internationally shared frame
of reference — significantly reducing transaction costs and thus facilitating future col-

laboration activities.

A simple transfer of organizational structures to cumulative research fields such as
biodiversity and human dimensions research failed to induce scientific collaboration of
comparable scales. The ICSU programmes Diversitas and IHDP demonstrate that the
same organizational scheme which is so successful in WCRP and IGBP can also be
used in cumulative fields to build specialized international networks and to develop new
research topics - but so far Diversitas and IHDP experienced much more difficulty in

obtaining participation and support among scientists and funding agencies.

The establishment of big international collaboration programmes should also be viewed
in the context of international relations. The relationship between science and interna-
tional politics is complex and, in the case of the contemporary programmes WCRP and
IGBP, has not yet been scrutinized by historians of science. Doubtless the negotiations
in the emerging field of international climate policy, which commenced in the mid-1980s
(Agrawala 1998a; Agrawala 1998b; Haas/McCabe 2001), played an important role for
the provision of research funding. Besides, in the 1990s it was a political strategy in the
US, but not only there, to delay decisive action against anthropogenic climate change
by emphasizing scientific uncertainty and the ensuing need for further research (Weart
2004).

In recent years some excellent studies on the history of the IGY have been published,
the event which founded the institutional tradition of the GEC programmes (Doel 2003;
Elzinga 1993; Hamblin 2005). According to these studies, the context of Cold War
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competition between the superpowers US and USSR constituted a singular opportunity
structure for the discipline of geophysics and related science fields:

The rapid rise of military funding for the earth sciences in the US after 1945 quickly elevated
such fields as oceanography, atmospheric science, terrestrial magnetism, solid earth physics,

and ionospheric studies, making them second only to physics in levels of support" (Doel 2003:
636).

During the planning and implementation of the IGY, purely scientific aims and aims of
national security policy frequently became amalgamated. According to Doel, the IGY
was intimately connected with the national security aims of the leading nations involved
in the effort (Doel 2003: 647). While the IGY was accompanied by a strong rhetoric of
easing tensions and fostering peace through scientific collaboration, its actual effects
upon the climate between the superpowers appear more equivocal in hindsight, espe-

cially in connection with the launch of Sputnik | (Hamblin 2005).

Later collaboration programmes of the 1960s and 1970s, e.g. the International Hydro-
logical Decade (own investigation) or the International Biological Programme (Golley
1993; Kwa 1987) never met with comparable interest from foreign and national security
policies. The aims of these and other initiatives of the time (cf. Hamblin 2005) were
framed more in terms of development policy objectives and rational use of natural re-
sources. For contemporary GEC-programmes, the influence of international relations

has not yet been investigated.

The view that the Cold War constituted an important opportunity structure for geophys-
ics is not equivalent to reducing the scientific success story of the IGY to the security
interests of the contributing nation states. This particular achievement of scientific or-
ganization can neither be separated from nor reduced to the political support that it
received — rather, the political support was obtained by scientists who capitalized on
this opportunity to develop their own research fields. The notion of scientific actor coali-
tions that are capable of seizing upon political opportunity structures is similar to the

concept of structural capabilities discussed in chapter 2.
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443 Capacity building and global diffusion of environmental

knowledge

International collaboration programmes are built to enhance knowledge of the global
environment. Capacity building has two different meanings in this context. Science-
driven programmes such as IGBP and WCRP seek to advance the frontiers of knowl-
edge and to answer questions which have never been addressed before. This can be
understood as scientific capacity development in a universal sense, and is well illus-
trated through the progress which has been achieved since the mid-1980s in under-

standing and predicting the behaviour of the earth's climate system.

The question of environmental knowledge needs to be understood also in the sense of
the global diffusion of knowledge and abilities, since most intervention and purposeful
action take place on regional to local scales with locally available means. Due to the
heterogeneity of environmental conditions, the worldwide diffusion of environmental
knowledge does not merely entail the multiplied application of proven approaches, but
instead requires creative adaptation and the integration with local practices and indige-
nous knowledge (cf. Clark et al. 2004). Hydrology and water management are good
illustrations of this heterogeneity in local conditions. Therefore, the enhancement of
global environmental knowledge should be understood to encompass both — scientific
progress in the universal sense but also a strong emphasis on regional scientific ca-

pacity building.

In our view, future research in the organization of international collaboration should
concentrate on the topic of scientific capacity enhancement in emerging economies
and developing countries. The case of IHP suggests an interesting starting point for
further research, namely the concept of a network of regional research centres (IHP IC-
XVI-6; IHP IC-XVI-7). The basic idea of this network consists in a combination of three

elements:

1. Regional capacity development is fostered on the ground by permanent research
and education institutes (regional centres). In this way, the need for continuity and
long-term thinking in capacity development is acknowledged. In the case of IHP,
the regional water centres are financially supported by national governments and
have an institutional affiliation with Unesco. This affiliation is obtained via a formal

application process.
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2. Regional centres belong to a partnership network of comparable institutions world-
wide, i.e. from developed and developing countries. The mandate of this interna-
tional network is to support regional centres in establishing international scientific
contacts and in gaining access to new scientific and technological developments. In
this way, the institutional membership supports the research activities and training
of scientists locally. As in the case of IHP, sponsorship of the network by an inter-
national or UN organization can help to enhance the political prestige of network

membership.

3. In the case of IHP, an international institution is part of the network which special-
izes in the university education of students from developing countries (Unesco IHE,
Delft).

The development of the Unesco network of regional water centres is still in its infancy.
However, it contains the seed of a promising strategy which is notably different from
the original approach of collaboration under IHP. A network of regional centres does
not need a shared global research agenda — since research objectives should be re-
sponsive to local conditions. Instead, the network pursues a strategy of global knowl-
edge diffusion and training. Similar to the organizational structure of IHP, the institu-
tional network should have the permanent support of an international secretariat with
formal links to national governments. Similar to IGBP, the organizational structure of
such a network is decentralized, and thus flexible with regard to the inclusion of new

regional centres and programme growth.

The potential of such institutional network strategies could be investigated through a
survey of different existing approaches. Another, more well-known example is the Con-
sultative Group on International Agricultural Research (CGIAR) which supports fifteen
international agricultural research centres, among them the International Water Man-
agement Institute which is based mainly in African and Asian countries (World Bank
2004). Since international networks of regional centres might be applicable to many
fields of environmental science and technology, much could be learned from a system-
atic overview and evaluation of existing experiences, especially if such evaluations

trace the development of different regional centres over time.
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4.5 Conclusion

In this study we compared the organization of international collaboration programmes
in two very different cases. IGBP is part of the ICSU tradition of international big-
science programmes on global environmental change. Together with the World Climate
Research Programme, it stands for an enormous build-up of capacity which was achie-
ved in global climate and earth system science over the past 30 years. The main func-
tion of this type of programme is to coordinate the efforts of scientists and leading re-
search institutions from developed countries in order to create synergies and to enable
investigations of natural systems on the global scale. IHP treats one of the most press-
ing environmental problems globally, that is sustainable water management. Institu-
tionally, the Unesco programme is a hybrid between science and politics and it en-

gages primarily in the enhancement of regional scientific and technical capacity.

To date, one of the main obstacles to the creation of environmental knowledge — glob-
ally and worldwide — consists in the extreme disparity between the spatial concentra-
tion of research capacity in developed countries on one side and the global spread of
environmental changes and driving factors on the other. What lessons can be drawn
from the present study for the organization of multilateral cooperation endeavours, es-

pecially when the environmental problem of interest is global in the cumulative sense?

1. The most important dimension of organizational capacity is the allegiance of sci-
entists from one or several research fields to a programme's overarching objec-
tives. This allegiance is manifested most notably in direct participation and in the
perceived relevance of a programme's objectives and outcomes for the ad-

vancement of their own field of research.

2. Strong mutual task dependence in a research field enhances incentives for scien-
tists to coordinate their own research with the aims and methods of others. The-
refore, if mutual task dependence is high, the likelihood increases that super-
ordinate programme objectives or master plans will meet with broad support from
an intellectual field. This proposition is well illustrated by research topics in sys-

temic GEC programmes.

3. Independent of whether or not a programme aims for a strong cognitive integra-
tion of its component parts, the example of IGBP shows that a decentralized or-

ganizational structure has important advantages. Perhaps most significantly, the
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design should allow different national funding sources to be incorporated, not on-
ly in the funding of research but also in the funding of administrative tasks. This
point is illustrated by IGBP's decentralized project offices, which provide the flexi-

bility and capacity for organizational growth that is lacking in IHP.

4, If the organization of scientific collaboration is coupled too closely with objectives
and institutions that are external to the narrow pursuit of science, e.g. develop-
ment policy objectives, it is likely that scientific allegiance will decline as a result.
A simple reason is that the relationship between the expenses of engaging in col-
laboration (e.g. increasing time needed for meetings and administrative proce-
dures) and the expected scientific outcome is likely to deteriorate, making col-
laboration less rewarding from the scientists' point of view. This is illustrated by
the hybrid design of IHP, but also by other examples discussed by Hamblin
(2005). Instead of too narrow organizational coupling, a careful management of
boundaries between science and policy is advisable (Cash et al. 2003; Far-
rell/Jager 2006; Guston 1999). This may involve the establishment of separate
organizations designed to institutionalize communication across boundaries
(Guston 2001). A salient example for institutional boundary management is the

Intergovernmental Panel on Climate Change.

5.  One of the largest obstacles to the development of large international collabora-
tion programmes in cumulatively-global fields, such as hydrology, is a far-
reaching institutional separation of development policy and support for public re-
search in many developed countries (cf. IGFA 2005; IGFA/ICSU 2005). This is an
important area for further institutionalist research in sociology of science (cf.
Schimank 1995). For example, we currently lack a survey and comparative
evaluation of institutions for collaboration that are evolving in various fields of en-

vironmental research.
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