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Editorial

The scope of climate change research has grown immensely over the last decade. Beyond the
extensive efforts to map and understand how the various components of the climate system
interact and respond to human forcing, academics from a range of fields are today deeply
involved in the social and political struggle to develop effective and legitimate climate change
policies. While initially focused on the UN Framework Convention on Climate Change
(UNFCCC) and the Kyoto Protocol, we have in recent years seen a growing academic interest
in local, national, regional and trans-national climate change mitigation and adaptation efforts.
In a time when decision makers have linked such efforts to other policy areas such as energy
security, finance, land use, and social development, new academic fields have also become
involved in the study of climate change. Hence, climate change research is increasingly
conducted at the interface between the natural and social sciences, engineering and the
humanities. This development spurs self-reflection in the research community. The
Intergovernmental Panel on Climate Change (IPCC), with the mandate to assess the latest
research for decision-makers, is currently working and deliberating on how to design the next
round of assessment in the light of a widen agenda of climate change policy. It is at this
dynamic interface that we find the expanding field of climate science and policy research.
Climate science and policy research is by no means a stable academic field. Rather, it is by
virtue a broad, diverse and hybrid enquiry that includes a range of epistemological, theoretical
and methodological orientations. While much of the research under this umbrella has
developed in parallel to (and often in direct response to) climate change policy, the field also
includes a wide set of scholarly efforts to challenge and problematise the ideas and discourses
underpinning such policies. This scholarly diversity may question climate science and policy
research as a meaningful academic label. And indeed, as indicated by the various
contributions to this report, the interpretations of what this field is all about vary considerably.
However, despite this variety, we argue that the different academic contributions to this field
converge around the quest to interpret, understand, problematise and, at times, solve the
challenges facing society under a changing climate. Some of this scholarly work has, directly
or indirectly, sought to inform climate change policy. In other cases climate change has
emerged as a vantage point for advancing the academic understanding of how links between

2

nature and society, science and policy, development and environment, North and South are
constituted and sustained.
In this report we draw attention to a set of conceptual and methodological challenges that we
think arise from this broad scholarly enquiry. In the first chapter, Simonsson examines the
importance of scale in climate change research. In order to effectively inform policy, she
suggests that the academic study of climate change needs to adjust to the geographies of
climate change policy-making. However, since science may not be able to deliver climate
information at the spatial resolution asked by decision-makers, Simonsson also calls for
greater scholarly awareness of the scalar challenges in climate science for policy. In the
second chapter, Ostwald and Kuchler trace the conceptual genealogy of climate science and
policy research. Starting in the historic development of the climate sciences, they end up in a
much more complex and inter-disciplinary research landscape. Ostwald and Kuchler ask how
researchers in the field of climate science and policy research can relate to this complexity.
In the third chapter, Glaas, Friman, Wilks and Hjerpe situate climate science and policy
research in the scholarly debate on Mode 1 and Mode 2 science. Following a long-standing
debate on the role of science in climate policy making, they ask whether this field of enquiry
gains its legitimacy from autonomous basic research produced in sites distinctly demarcated
from the world of policy (Mode 1), or from knowledge produced in the context of application
(Mode 2). While it may be challenging for scholars of climate science and policy to engage in
both modes of knowledge production at the same time, the authors point at examples where
the distinction between Mode 1 and Mode 2 breaks down into a new research domain which
they label as Mode 1.5. A similar discussion is raised by Hansson and Wibeck in chapter four.
While climate science and policy research can be interpreted as an academic field in its own
right, its close links to action can also result in a difficult balancing act for researchers.
Drawing upon examples from public acceptance studies, Hansson and Wibeck highlight
problems that arise when climate researchers advance a normative agenda and hereby
influence the people they study. Finally, in chapter five, Jonsson, Lövbrand and Andersson
offer examples of research produced in direct collaboration with affected stakeholders. While
such ‗participatory research‘ often is said to increase the legitimacy and problem-solving
capacity of climate science and policy research, the authors discuss how and when that
promise holds true.
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The conceptual and methodological challenges discussed in this report are the result of a
seminar series held at the Centre for Climate Science and Policy Research (CSPR) at
Linköping University from autumn 2007 to spring 2008. As such the chapters reflect an
ongoing debate and internal self-reflection at a centre that still is young and under
development. Since its establishment in 2004, the CSPR has grown steadily and today
functions as an interdisciplinary platform for more than 20 senior and junior researchers
active in the field of climate science and policy research. In this report we do not set out to
give a comprehensive picture of the challenges facing researchers at the CSPR, nor scholars in
the broader field of climate science and policy research. Neither is it a statement of what
CSPR is, but rather a bouquet of thoughts around our own research. By sharing our reflections
with a broader scholarship, we do, however, hope that this report will contribute to the
ongoing debate on the scope, direction and function of this expanding and dynamic academic
field.

Eva Lövbrand, Björn-Ola Linnér and Madelene Ostwald
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1. The understanding and use of scale in climate change research
and policy
Louise Simonsson

Introduction
How can a scientific assessment of global environmental change designed to influence local
decision-making best be structured? How should authority and responsibility to manage
global environmental problems be allocated among different levels of government? How
should the costs and burden of global environmental problems be shared between nations,
sectors and people? These questions share the implicit or explicit recognition that global
environmental change is a cross-scale phenomenon that requires assessment at and integration
across scales in order to inform policy- and decision-making most effectively (Cash and
Moser 2000). Nevertheless, scale is far from a straightforward concept. It has been theorized,
discussed and questioned by several academic disciplines, but probably most so in geography.
After many decades of research in geography and related fields, the debate is ongoing and
there is still no canonical theory of scale.
At a seminar held at Centre for Climate Science and Policy Research (CSPR) during spring
2008, there was a consensus among the participants that scale indeed matters in climate
science and policy research, and that we need to relate to the term in various ways. However,
the understanding of the concept differs. The different interpretations might be a reflection of
the various academic backgrounds present at the CSPR, or of the demands and nature of the
various research projects conducted at the CSPR, or perhaps a combination of the two. This
paper focuses on the concept and use of scale in climate science and policy research,
especially within the vulnerability and adaptation field, one of the core research themes at
CSPR. It starts with a brief overview of the main theoretical perspectives on the concept, and
how these perspectives link to the work and intellectual debate at CSPR. The paper concludes
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with a discussion on the future scalar challenges for CSPR research, and climate science and
policy research at large1.
Does scale really matter?
At the CSPR and in the climate change research community at large, several actors struggle
with problems that follow from the persistent scale discordance, identified by Cash and Moser
(2000). Firstly the case of ‗environmental externalities‘ raises important scalar challenges
(Holland et al. 1996). If an ―environmental problem is exported beyond certain jurisdictional
boundaries to neighboring jurisdictions which have no or little influence over the source of
the problem‖, how can the responsibility for corrective actions be identified and allocated?
Besides trans-boundary environmental problems such as acid rain, the scalar challenge of
environmental externalities today involves problems of more global kind such as climate
change, where the atmosphere acts as a global common.2 Whereas trans-boundary pollution
problems have been successfully managed through regional agreements such as the
Convention on Long Range Transboundary Air Pollution in Europe, the global reach of the
climate challenge has resulted in more complex and contested political arrangements.
Secondly, scale is relevant and crucial to discuss when science informs policy and
management. The scale of scientific analysis and assessment, and the scale for which
scientific information is needed, may not necessarily be the same. Thus, explanations and
predictions of climate change impacts may be less useful for regional and local decisionmakers, if scientists are unable to predict impacts at local scales.
Theoretical perspectives on scale
Geographical scale can be defined as the spatial dimensions of a process, an observation, or a
decision (Wilbanks 2007; Capistrano et al. 2003). Pragmatically scale is often used to denote
the spatial extent and resolution, as well as the detail, in which processes can be studied.
However the temporal aspects of scale also need to be recognized. Space-time scaling predicts
the behavior of systems within a range of matched spatial and temporal scales. Phenomena
1

Although the theory of ‗panarchy‘ (see e.g. Gunderson and Holling 2001) is not discussed here it is also
relevant for many of the research fields at CSPR. One of the essential features of the panarchy is that it turns
hierarchies into dynamic structures and is explored primarily in systems theory and global governance.
2
See the classic `tragedy of the commons‘ (Hardin, 1968), where the idea has been discussed and developed in
the common-pool resources literature.
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studied over long temporal scales, and at small spatial scales, often have low predictability
because they are complicated and have a strong random element. Conversely, systems
examined over large spatial scales and short periods often have high apparent predictability
simply by virtue of experiencing little change over the time in question. Scale can also, and
sometimes simultaneously, imply a level of organization or a functional unit (Ahl and Allen
1996). However, there is disagreement on the precise extent or definition of any scale (e.g.,
where are the boundaries of something ‗local‘?), and there is rarely perfect congruence of, for
example, a spatial and a functional unit identified at the same scale (Sayer 1991).
The many aspects of scale can easily be confusing. Part of the confusion is due to, and
evidence of, how scale is socially defined and particular to certain political, scientific, legal,
or cultural lenses. People impose a definition of scale for a particular issue and for particular
purposes. As such, scale can be understood as a heuristic concept employed by scientists and
managers to organize their understanding of the world and the relationships and interactions
therein (Cash and Moser 2000). Nevertheless, realist perspectives on scale provide a firm
foundation for most global environmental change research in general, and climate science and
policy research in particular.
Realism and constructivism in scales
Manson (2008) has developed a useful epistemological scale continuum that runs from
realism, via hierarchical scale concepts, to constructionism (see Fig 1). He argues that most
research perspectives in the field of global environmental change research share the
ontological premise that a real world exists out there. However, the various perspectives differ
dramatically in their epistemological orientations, i.e. the extent to which they believe that
science can accurately represent this complex reality. Realist scale assumes that observers can
access the objective reality, and therefore supports measurement, modeling and explanation.
As such, realism functions as the starting point for efforts to identify relationships between
scales, to collect data or to build theory. Realist scale concepts are often related to terms such
as resolution that can be described in, for example, grid cells or individuals in a population.
Even though not all climate scientists necessarily interpret scale in this sense, or even agree
with it, they all have to relate to it since most of the basis (and assumptions) of climate change
clearly use this meaning.
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Figure 1. The epistemological scale continuum (Manson 2001)

Within the realist spectrum of Manson‘s continuum, research design requires that we decide
on the scale of observation (the importance of data and the role of the observer), the scale of
explanation (the scale at which to understand a system or process), and operational scales
(describes the use of e.g. global climate models). These distinctions are important since they
often differ. Models can employ a household explanatory scale, but be calibrated at
observational scales defined by census tracts or pixels in satellite imagery. Studies of the
vulnerability to climate change are, for example, often meaningless beyond scales defined by
individuals, households, institutions, or nations. Thus the study of vulnerability processes at
explanatory scales, need to fit with resolution. Since vulnerability is comprised by multiple
factors, assessments are usually performed at a local scale but with external and internal
dimensions (i.e. driving forces for local vulnerability can be identified at other scales and
contribute to the explanation). Vulnerability assessments at national scales can be criticized
for being too simplistic and unable to identify driving forces, which many believe is the very
purpose of vulnerability assessments. Nevertheless, such national vulnerability assessments
can still be of great political importance since they form the basis for decisions whether
countries are eligible for UNFCCC funding.
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At the other end of Manson‘s continuum we find the notion that scales do not really exist, in
and of themselves, except as convenient mental devices for ordering the world. Hence, scales
are socially produced (Smith 1990). The ontological dimension of this constructivist
understanding of scale is rarely applied in climate science and policy research. Although
many constructivists are engaged in the study of climate change, few would argue that climate
change only is a social construction that has no basis in measurable and detectable elements in
a real world. Nevertheless, on an epistemological level, many constructivist scholars have
highlighted how discourses and norms contribute to the scalar interpretation and political
ordering of climate change (see, for instance, Pettenger 2007). The global scale is the peak of
scales, and the power to proclaim the globality of any event is the power to put the world on
alert. In this globalist discourse, the global is presented as the scale from which there is no
escape, the place at which there exists no option of disengagement. Arguments over who
should reduce greenhouse gas emissions that contribute to climate change also have a scalar
dimension that affects the allocation of responsibility (c.f. the discussion on historical
responsibility).
Networks need to be mentioned in this context since they also relate to climate change
activities. How are networks of social actors constituted at different scales, and what does this
allow them to do or not do with regard to social praxis? A given project can simultaneously be
local, regional, or global in terms of linkages to other phenomena. Networks in this sense
challenge the notion of a fixed or objective scale. Some would even argue that the
implications of networks are multiscalar to the point where scale as a concept loses relevance
(Leitner et al 2002).
Cross-scale interaction
One means of identifying and understanding cross-scale interaction is by using the idea of
hierarchies. Realist hierarchies are relevant for several challenges facing climate science and
policy research at large, as well as at the CSPR. These challenges involve, for example,
downscaling and upscaling (e.g. climate impact modeling), linking spatial impacts to the
policy process (e.g. vulnerability and adaptation studies and institutional analysis), and
representation and abstraction (e.g. stakeholder analysis). Socio-economic, political or
administrative units (municipality-city-county-nation), or ecological boundaries (tree-standforest-ecosystem), often inform the analysis of climate change. Hierarchies highlight the
importance of identifying relationships between these various geographical units.
9

Social systems tend to organize formal roles and responsibilities (functional and
organizational) hierarchically, which in turn sets the scene for several processes related to
climate change vulnerability, adaptation and mitigation. It is, however, a well-known problem
that fixed scalar levels does not work for all types of processes (this applies not only to
political institutions but also to landscape elements), which brings us back to the importance
of research design and flexibility. The observer needs to choose a system of aggregation. Each
level is characterized by the behavior of its components, and is bounded by constraints at
other levels. In order to identify appropriate scale levels therefore requires scholars to
knowingly move across levels, rather than dogmatically staying in one. Hierarchy theory thus
adds another entry point to the analysis of cross-scale interaction in complex humanenvironment systems such as the climate system (Holling 1995).
Vulnerability assessments often show that smaller scales have a lower probability of threat
(e.g. to severe weather events due to climate change), but are less resilience if the threat were
to be realized. Larger scales, by contrast, have a higher probability of threat somewhere
within them but more resilience in coping with the threat, as they generally have access to a
wider range of resources for damage response and cost-sharing (Eriksen and O‘Brien 2007).
Also, paradoxically, resource availability is predominately top-down, while innovativeness
and problem focus are predominately bottom-up. As a consequence, there have been calls for
co-management structures that cross scales in order to promote sustainable development
(Wilbanks 2007). One example of scale issues for sustainability is climate change adaptation.
If, as Adger et al (2005) argue, adaptation to climate change is an issue relevant at local,
national and international levels, the spatial scale over which the dimensions of adaptation
and reduction of vulnerability can be implemented varies. Understanding adaptation therefore
requires consideration not only of different scales of human action, but also of the institutional
social construction of appropriate scales.
Although the actions individuals undertake to adapt to threats such as climate change can be
said to be autonomous, they are often constrained by institutional circumstances such as
regulatory structures, property rights and social norms associated with rules in use (Adger et
al 2005). Many adaptation responses are thus determined at a local scale, but depend on
structures and resources at global and national scales. The scales of appropriate adaptation
measures also extend to lower elements of the political and jurisdictional scale.
Municipalities, cities, firms and markets are all adapting within the bounds of available
10

technologies, regulatory systems and perceptions and knowledge of future climate risks (e.g.
Naess et al. 2005). A public sector agency may, for example, ignore the environmental or
developmental effects of an action because they can be externalized in the decision-making
process. They become ‗‗somebody else‘s problem‘‘, at another level or scale. Or individuals
may argue that my actions do not matter when the problem is at such a ―large scale‖.
Translation of results and understandings across scales
Not all localities are shaped by every change at a larger scale, and not every large-scale
system is affected by change in every locality. Establishing scale invariance requires a good
deal of evidence and robust explanations. As multiple processes can lead to identical patterns,
and many different patterns can result from a single process, it is not enough to match typical
patterns across multiple scales in a system and assume that the resulting processes are
invariant (Manson 2008). However, equating small-scale with local, or large-scale with
global, can also mask features in complex systems marked by sensitivity and cross-scale
interactions.
Scientists are trained in critically analyzing observations at different resolutions. Such
analyses become more important the larger the system is, or the longer the time scale is. For
example, climatologists and geologists normally use a longer, or larger, time scale than most
other academic disciplines. If we are to assess whether anthropogenic climate change is
occurring, we cannot simply look at a global mean temperatures from pre-cambrium to 2009
A.D. fitted into an A4 sheet. From such analyses it would be very hard to detect changes that
have occurred since industrialization. However, a higher resolution of the later part of the
curve needs to be placed in the context of climate changes and variations during a long period
of time (a large time scale). The choice of temporal, and spatial, scale for validation and
comparison of data is also part of the reason for the sometimes infected debate on the causes
of observed changes in the global climate. Is the cause anthropogenic, or are we merely
witnessing a natural variation? At CSPR we do not conduct climatological research, but in the
frequent interaction with various stakeholders we are often faced with the question and asked
for ‗proof‘ that climate change does not equal natural variability.
At the CSPR many research projects use case studies as their main methodology. Choosing
the right scale for investigation, and then adding several other study objects at various scales,
is then necessary if patterns and processes are to be verified. Otherwise explanations run the
11

risk of incorrectly creating findings that may be artifacts of an incomplete analysis. Although
there are methods and tools for analyzing multi-scale environmental processes, they may
neglect that social aspects (e.g. vulnerability) are a dynamic outcome of both environmental
and social processes occurring at multiple scales. Therefore, when vulnerability maps are
produced to identify problematic regions, we should be attentive to analyze the adaptive
capacity of such regions at different scales (e.g. household, municipality, county, country)
(Metzger et al 2005).

Future challenges of scale in climate science and policy research
In this paper we have found that there are distinct differences in the scalar concept used in the
various scientific disciplines and sub-disciplines involved in the study of global
environmental change in general, and climate change in particular. Hence, the epistemological
scale continuum makes it risky to assume that a given scale perspective is automatically
applicable to any research question. As suggested by Manson (2008, p 785); ―(i)n addition to
focusing on how to choose the best scalar combination of observation and explanation for a
given problem, researchers should actively consider the range of scale perspectives, not
matter how seemingly inapplicable‖. There are consequently several broad questions
regarding scale that we as climate science and policy scholars need to ask ourselves when
designing, interpreting and communicating our studies and results:


Why do we (and the research funder) focus on a certain scale as opposed to another?



To what extent do existing data, scenarios and scientific approaches influence or limit
the scale of our research?



To what extent do existing data, scenarios and scientific approaches influence or limit
the scale of practical action and implementation?



At what scale and resolution do we visualize and communicate our results? How are
our results framed and represented through language, figures and images?

To reach a proper understanding of driving forces and their behavior in complex systems such
as the climate system, it is impossible to adopt a single research methodology (Bouma 1998).
In interdisciplinary research fields such as climate science and policy research, several
methods are often used and calibrated for specific scales. A central finding from the scalar
overview in this paper is that methods should be designed so that information and
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understandings are complementary to different scales, and/or in different phases of the
research process (Verburg and Veldkamp 2001). Thus, scholars in the field of climate science
and policy research face the challenge of matching scales of biogeophysical systems with
scales used in climate policy, while at the same time accounting for cross-scale dynamics
(Cash and Moser 2000). This challenge is exemplified by the knowledge demands from
stakeholder in this field.
Many participatory studies at CSPR show that stakeholders often call for scale-specific
knowledge and information of high certainty in order to successfully manage the effects of
climate change. Science, public institutions and practitioners therefore need to deal with scale
specific knowledge demands (e.g. down-scaled studies that increase local understanding,
capacity and action). However, scholars of climate science and policy research also need to be
attentive to situations when scale-specific requests from stakeholders indeed represent a
genuine lack of knowledge and understanding, and situations when decision-makers refer to a
lack of knowledge in order to postpone action. In the field of climate change, efforts to link
science to the policy process have primarily been organized around scientific assessments
such as those produced by the Intergovernmental Panel on Climate Change (IPCC). This
linear science for policy model typically assumes that policy-relevant scientific information
produced for the purpose of the UN-led negotiations on climate change, also will be
assimilated and used at lower scales (e.g. by municipalities) (Kingdon 1995). One
fundamental problem with this approach is that it ignores the interactions between actors
located at different scales. Hence, in order to be useful to policy, scholars of climate science
and policy research have to be considerate to the scalar dimension of societal knowledge
demands.
Conclusion
The overview of the scale concept offered in this paper suggests that scale indeed matters in
climate science and policy research. Although far from all scholars in this field are (or can be)
actively engaged in the ongoing conceptual discussion on scale, it is important to recognize
that decisions about research design, analysis, use and communication all have a scalar
dimension. To operate in the dynamic and interdisciplinary field of climate science and policy
research is challenging in many ways. However, in order to offer constructive and viable
input to the political debate on future climate change mitigation and adaptation options, we as
scholars do not only have to respond to knowledge demands from societal actors. We also
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have to be better attuned the conceptual challenges and limitations generated by our
respective academic disciplines, at all scales.
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2. Climate science and policy research coming into being.
Examples from the international politics of bioenergy and the case
of avoided deforestation
Madelene Ostwald and Magdalena Kuchler

Introduction
After five years of existence, the Centre for Climate Science and Policy Research (CSPR) at
Linköping University has literally gone from an infant phase to a hungry teenager with big
feet and long arms, fed by the abundant and constantly growing flow of climate change
research of different brands and accompanied policy demands. In this paper we will sketch
out our view of this development with some crude descriptions of findings and processes that
have had impact on the evolution of this continuously expanding scientific area. To tie our
interpretation of the broad and diverse field of climate science to the younger field of climate
policy research, we will in this chapter draw upon two concrete examples of ongoing climate
science and policy research found at the CSPR.
From climate science to climate science and policy research
The Earth is surrounded by an envelope of air that acts based on physical processes giving
wind, precipitation and pressures in different patterns. The understanding of these processes
and patterns has traditionally been the scope of climatology or climate science. The primary
data used in this scientific field is mainly observational data obtained over many years
(Henderson-Sellers and Robinson 1986). Hence, the behaviour of the climate system in the
past is used to understand the processes controlling the present climate. The climate has
varied greatly over the past million years; something paleo-climatologists study through proxy
records indicated in succession of cold and warm (inter- glacial) periods or from information
in sediments. The difference between the variability of the climate over a short time span (say
a few decades) and over long time periods (spanning thousands of years) may be hard to
distinguish for non-experts. Several parameters affect the climate such as air pressure
patterns, chemical composition and pools storing greenhouse gases (GHG). The GHGs in the
atmosphere control the radiation that escapes to space and that is needed to balance the
incoming solar radiation. When altering the GHG concentrations in the atmosphere, the
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amount of radiative energy in the climate system is thus modified resulting in changes in
pressure systems, precipitation patterns and temperature.
In the later part of the 20th century, several climate scientists reported observed changes in
our present climate such as sea level rise (e.g. Etkins and Epstein 1982) or increased
temperatures (e.g Bolin 1977). One of the most exposed datasets is probably the ―Hockey
Stick‖ trajectory (Figure 1) presented by Mann and colleagues in 1999 (Mann et al. 1999). As
indicated in Figure 1, the ―Hockey Stick‖ showed a comparatively stable Northern
Hemisphere mean temperature over the last 900 years, with a sudden increase around the year
1900. This change was defined generally as global change, or more specifically as global
climate change. Global assessments indicated that there was an increase in global mean
temperatures of 0.6⁰C over the last hundred years (Meadows et al. 1972).

Figure 1: The ‗Hockey Stick‘ describing the temperature and it uncertainties in the Northern
Hemisphere over the last 1000 years. The temperature record has been reconstructed from proxy data.
Source: IPCC (2001).

Parallel to the observations of global climate change, work was carried out to understand the
impact of atmospheric carbon dioxide (CO2) concentrations on the climate system. Charles
David Keeling, who was a trained chemist and oceanographer, started to measure the
atmospheric concentration of CO2 from a sight at Mauna Loa in Hawaii in 19583. Again the
3

CO2 is measured as the concentration of CO2 molecules in a volume of air, expressed as parts per million (ppm
or ppmv).
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idea was to gain access to data that could explain processes in the present climate system.
From a climate science point of view, Keeling‘s work turns out to be the most precise and
continuous measurements of atmospheric CO2 (Neftel et al. 1985), documenting a steady
increase of CO2 concentrations (Figure 2). The level of CO2 started at 315 ppm in 1958 and
reached 378 ppm in 2005. Following Keeling‘s work, the US National Oceanic and
Atmospheric Administration (NOAA) reported a further increase to 386 ppm in April 2009
(NOAA 2009).

Figure 2: The Keeling curve showing the CO2 concentrations in the atmosphere from Mauna Loa,
Hawaii and the South pole from 1958 to 2005 (the year Keeling died). Source: C.D Keeling‘s Tyler
Prize Lecture 2005.

In order to explain the increase in atmospheric CO2, climate scientists started to analyse fluxes
from other carbon reservoirs in the land surface and the oceans. The combustion of fossil
fuels and human land-use change emerged as possible explanations to the elevated carbon
concentrations. The correlation between the increase in global mean temperature and the CO2
concentration has been widely debated during the past decades, not at least in the context of
its attribution to man-made processes (e.g. Meadows et al. 1972) or other natural explanations
(e.g. Landsberg 1970). However, in order to establish the causes of the observed changes in
the global climate, more data was required than what traditional climate science could deliver.
Hence, new scientific fields and disciplines entered the study of climate change. Human
burning of fossil fuels called for studies of energy systems and their interactions with users.
The possible climate impacts of a growing human population and human land use emissions,
involved the farming and forestry sectors as well as urbanisation studies. In order to assess

18

possible societal threats and risk of a changing climate, as well as feasible mitigation and
adaptation options, a wide range of social sciences was mobilised in parallel to the climate
sciences. The interdisciplinary field of climate science and policy research was born.
To give a visual illustration of the connections between the different strands of climate
science climate policy research that have emerged from the 1990s and onwards, we have used
and modified a model from UNDP/GRID (Figure 3). With the increasing evidence that
climate change processes (middle top) within the larger climate system (top right) are driven
by human activities (bottom left), there is an increased likelihood of societal risks (bottom
right). To act upon this interdependent system of natural and human processes, there is a need
for policies and measures such as subsidies for non-fossil fuel production or international
policy mechanisms for reducing emissions from deforestation and degradation. It is primarily
in this policy domain that the demand for an interdisciplinary field of climate science and
policy research (middle bottom) has arisen (e.g. O‘Connor et al. 1998; Magistro and Roncoli
2001). This last box is added to the figure on the basis of the argument in this paper.

Figure 3: A conceptual graph of inter-linkages between 1) climate characteristics 2) climate change
processes, 3) human activities such as fossil-fuel burning and land-use change, 4) climate change
threats, and 5) human actions and policies. Modified from UNEP/GRID Arendal 2005.
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Two of the areas related to human action and policies that we now would like to present as
examples of the emerging interdisciplinary field of climate science and policy research are: i)
the increasing political demand for carbon neutral energy, partially driven by scientific
findings on the human impact on climate change, and ii) international efforts to increase
carbon stocks within the terrestrial systems and the present focus on reducing emission from
deforestation and forest degradation.
Examples from the international politics of bioenergy
Despite the fact that bioenergy production is not a new idea, the recent interest in biomass
production for biofuels has been triggered by rural development strategies, rising energy
consumption and climate change concerns (WorldWatch Institute 2007; FAO 2008). In recent
years, scientists and policy makers have marketed biofuels as an alternative source of energy
that could reduce global GHG emissions. Intergovernmental organizations such as the
International Energy Agency (IEA), the Food and Agriculture Organization (FAO) and the
United Nations Framework Convention on Climate Change (UNFCCC) have all framed and
forwarded bioenergy as a solution to climate change mitigation (see for example: FAO 2005;
FAO 2007; FAO 2008; IEA 1994; IEA 2004; IEA 2007; IEA Bioenergy 2007; IPCC 2007a;
IPCC 2007b;, IPCC 2007c). As bioenergy strategies gradually have been incorporated into
climate change policy, particularly on national levels (Steenblik 2007; WorldWatch Institute
2007; FAO 2008), the study of energy produced from biomass has become an integral branch
of climate science and policy research.
The scientific study of bioenergy has gained particular attention through the work of the
Intergovernmental Panel on Climate Change (IPCC). The Panel‘s latest Assessment Report
(AR4) evaluates the critical role of bioenergy in climate change mitigation efforts (IPCC
2007a). The scientific body labels biofuels as the key mitigation technology that is currently
commercially available, and advances biofuel blending as one of the policy options to be
environmentally effective (IPCC 2007c). IPCC affirms that modern biomass can be carbon
neutral and thus play a significant role in reducing GHG emissions, particularly in
transportation (IPCC 2007b). In line with the IPCC, the IEA has framed energy produced
from biomass as carbon free and thus advanced bioenergy as policy option with significant
contributions to GHG reduction efforts (IEA 1994; IEA 2004; IEA 2007; IEA Bioenergy
2007). Simultaneously, the agency recognizes that bioenergy should be produced in a
sustainable manner, particularly if it is deployed to play an important role in climate change
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abatement (IEA Bioenergy 2007). FAO argues in a similar fashion as IEA, stating that ―when
sustainably produced, bioenergy can provide a carbon-neutral or even carbon-reducing source
of energy‖ (FAO 2007, p. 10), hereby contributing to climate mitigation efforts (FAO 2005;
FAO 2007). Moreover, the organization tries to support developing countries in registering
bioenergy projects under the Clean Development Mechanism (CDM) of the Kyoto Protocol
(Jürgens et al. 2004; Schlamdinger and Jürgens 2004; FAO 2005).
However, carbon-neutrality of different types of bioenergy options is a controversial issue,
especially when it comes to ethanol and biodiesel production that requires land-use changes
for agricultural cultivation and additional energy inputs for processing. These two activities
could become a substantial source of GHG emissions undermining climate change mitigation
efforts (Sachs 2007; BiofuelWatch 2007; Fargione et al. 2008). Moreover, despite the gradual
process of international organizations‘ framing of bioenergy as a carbon neutral climate
change abatement strategy, there is currently lack of coherent international policy measures
and standards regarding the production of fuels from biomass. Thus, decisions made in the
next several years about bioenergy policy will set the stage for alternative regulatory
frameworks and development options available to decision makers, not only nationally but
also on the international level, including the multilateral negotiations on climate change.
The issue of bioenergy is not only a great example of the strong interplay between energy
security, food security and greenhouse gas mitigation policies. It is also en explicit case of
climate science and policy research that seems to evolve and expand into new areas,
depending on the geopolitical, socio-economic and environmental circumstances. Thus, it is
of special interest to scrutinize how bioenergy is framed within a complex patchwork of
climate change policy interactions. Moreover, to include studies of bioenergy in the
expanding field of climate science and policy research also allows us to critically examine the
condition of the climate change domain itself, together with its different mechanisms and
interconnections hidden behind the front scene. Research in this field allows us to call into
question established institutions involved in research and policy formation, understandings of
climate change science and to explore the dominant structures and power relations of climate
change policies by focusing on their origins and their process of changing.
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The case of avoided deforestation
As with the earlier bioenergy example, deforestation is far from a new global issue. But with
the demand for mitigation options framed by the climate change debate and the UN led
climate negotiations, it has gained tremendous attention over the last few years. Tropical
deforestation is the second leading cause of human induced GHG emissions, after energy
production. In the 1990s the clearing of forests, mainly in tropical developing countries,
contributed an estimated 5.9±2.2 GtCO2/yr, or 7-16 percent of total anthropogenic GHG
emissions (Denman et al. 2007), in level with the emissions from the global transport sector.
Proximate drivers of deforestation and forest degradation are agricultural expansion for food
or biomass for bioenergy, wood extraction and infrastructure development.
Quantifying emissions from reduced deforestation requires measurements of changes in forest
cover, forest status and associated changes in carbon stocks. The uncertainties in emissions
from deforestation remain large, primarily due to poor data from inventories at national level.
However, the methods have improved over the last years through the use of satellite remote
sensing. Leakage, or the issue of a particular forest management practice being moved to
other areas or states, is also a troublesome issue, not the least as a result of the increased
political interest in forests as a potential sink of atmospheric carbon. Avoided deforestation, or
reducing emission from avoided deforestation and forest degradation (REDD), has entered as
a key policy issue in the UN led climate change negotiations. At the 11 th Conference of the
Parties (COP) to the UNFCCC, several calls were expressed for inclusion of forests under
Kyoto Protocol‘s trading instruments. The COP decided to evaluate the issue until COP13 in
Bali, December 2007. Since the Bali meeting, there have been major research and policy
activities in the area around REDD. One research area at CSPR is to study and analyze this
process (see www.cspr.se/project).
Intergovernmental organizations such as the World Bank (World Bank 2009) and the United
Nations Environment Programme (UNEP) (UN-REDD 2009), and donor countries such as
Norway, have invested large funds to test the feasibility of REDD policies before their
potential implementation after 2012, i.e. in a post-Kyoto climate treaty. The growing number
of demonstration projects for REDD in tropical forest countries have thus spurred a great deal
of research in recent years. Scientists have been involved in the analysis of these projects in
order to i) evaluate the capacity in developing countries to monitor and assess national or subnational baseline in the forest ecosystems and to develop methods to verify such estimates, ii)
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to assess the socio-economic and environmental impacts of REDD projects, iii) to evaluate
the institutional capacity to canalize funds (e.g. Tanzania is receiving bilateral funds from
Norway as well as through UN-REDD equal to US$ 70 million over 5 years), and iv) to
organize a sustainable plan for the forest resource and related issues of payment for these
environmental services. This policy driven research is mainly conducted through analyses of
document generated from the ongoing policy initiatives, and through field experiences from
case-studies in Bolivia, Cameroon, Costa Rica, Sri Lanka and Tanzania.
Leakage, land competition and low deforestation countries in future REDD schemes are
reoccurring topics in the ongoing climate science and policy research in this field.
Agricultural expansion for cattle and cultivation as well as the selling of timber, can produce
lucrative incomes and thus be a strong incentive to deforest. In combination with poor
governance in many tropical countries (Ebeling and Yasue 2008), legal regulation is in many
cases not very successful. This has several implications for a possible future REDD regime.
Financial incentives to keep forest need to be high enough to compensate for potential income
from alternative activities. Even if forest protection is successful, revenue-strong activities
might simply shift to other countries in order to meet increasing international demand. Hence
there is a risk for leakage and countries such as Costa Rica and India that are currently not
experiencing high rates of deforestation – and therefore see little reason or possibility of
joining a REDD regime – may see increased pressure on their forests. Given that expansion of
agricultural land is one of the key drivers of deforestation today, research efforts have also
been initiated to assess how demand for agricultural produce (e.g. beef, soy, and palm oil)
affects risk for leakage. Persson and Azar (2009) indicate that a price on the carbon emissions
from deforestation may not offer enough financial incentives to protect tropical forests from
expanding oil palm biofuel plantations.
In sum, the ongoing climate science and policy research on REDD has been closely aligned to
the policy development in this field. Hence, the results from the scientific method
development and assessments may therefore offer direct input to ongoing policy making
process. In particular, research efforts in this field may add important pieces to the
understanding of developing countries‘ potential to enhance their own natural resource
management through inventories and national plans.
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Conclusion
In this paper we have tried to map the evolution of climate science into the interdisciplinary
field of climate science and policy research. By illustrating how a complex set of societal
problems have been tied to the global concern for climate change, we have also tried to give
some reasons why an increasing number of ‗non-climate issues‘ have been incorporated into
the study of climate change. From a science point of view we argue that this development of
the climate change policy science calls for information and methods from different
disciplines. This research field is still young and will most certainly continue to develop new
methods and theories in the future. For the case of bioenergy, such theory development may
well include critical analyses of the condition for bioenergy in the climate change domain
itself, together with system analyses of how bioenergy production interplay with issues of
land use and food production. For the case of avoided deforestation, new methods will most
likely evolve from the interplay between policy-makers engaged in the international climate
negotiations and scientists measuring and monitoring carbon stock in terrestrial ecosystem
(through forest inventories and remote sensing techniques).
Maybe this need of interplay can be a driver generating more empirical testing of
multidisciplinary research, and spur the development of methods and theories based on both
natural and social scientific research traditions. The climate change policy science is in its
structure in need of the reality including climate change and policy, which makes the science
in itself contemporary, characterised by an applied and problem-solving ambition. Hence, we
may expect that its value will decrease when/if the climate problem is solved. However,
solving climate change is not really in sight. If we consider matters of natural and societal
resilience and the challenges of adaptation in a time of human population growth and
development (issues found in several of the boxes in Figure 3), the demand for climate
science and policy research will most likely remain. We are therefore convinced that the
CSPR has a crucial role to play in scientific and policy areas in the years to come, both
internationally, and perhaps more specifically, on national and regional levels.
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3. Scientific knowledge and knowledge production. How do
different traditions inform climate science and policy research?

Erik Glaas, Mathias Friman, Julie Wilk and Mattias Hjerpe

Introduction
Scientific knowledge production is disciplined to certain logics and locations, often associated
with the university. In this chapter we draw attention to these logics and locations in an
attempt to discuss the contemporary rhetoric on scientific knowledge and knowledge
production. In order to produce knowledge, researchers use different theories and methods
which both depend on the demands from society and from the academic culture in which they
are situated. During recent decades, scholars of science and society have debated how to best
produce knowledge that is useful to society. What constitutes useful knowledge is
controversial and the rhetoric is built on different rationalities and perceptions about the role
and purpose of science in society.
In this chapter we present two epistemological traditions that specify how knowledge
production ought to be initiated and carried out, and how the process and results should be
communicated to give the highest societal benefit. Meta-theoretically, these two traditions
have been crystallized into two ideal types or end points in a continuum. Rhetorically they are
often referred to as Mode 1 and Mode 2 respectively (cf. e.g. Nowotny et. al. 2001; Klein,
1990; Klein, 2001; Gibbons and Nowotny, 2001; Gulbenkian Commission, 1999; Gibbons et
al, 1994). In the following sections of this chapter we compare the rhetorical underpinnings of
each mode of knowledge production in an attempt to examine how their relationship to
society is constituted. Ultimately, we do so in order to reflect upon the function, place and
usefulness of the knowledge produced by the emerging field of climate science and policy
research.
Mode 1 vs. Mode 2 knowledge production
Before embarking on our overview of Mode 1 and Mode 2, an explanatory note of caution is
in order. Mode 1 is an academic concept that was first coined by Gibbons and colleagues
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(1994) in a quest for a new social contract for science. Hence, the concept has emerged as a
stereo-typical category or ideal type among scholars of science and society calling for a new
mode of knowledge production. Although this chapter seeks to offer a balanced picture of
Mode 1 and Mode 2 science, it is important to note that the concept of Mode 1 was originally
produced by spokespersons for Mode 2. Hence, we use these two categories even though
researchers defending the tradition of Mode 1 would hardly label themselves as something
like ―Mode 1-ers‖.
Mode 1 knowledge production
Mode 1 is often referred to as autonomous or curiosity-driven ‗basic research‘ produced in
traditional university settings. Cannons promoting this traditional mode of knowledge,
typically argue that it will benefit society precisely due to its independent character.
Insensitive to shifting political trends in society, Mode 1 science proceeds and focuses on
important questions despite rapid changes in societal knowledge demands. In other words,
according to advocates of this research tradition, Mode 1 knowledge production can prosper
without input from any other societal actors than academia itself (Bush 1945). Researchers
provide knowledge to society for the benefit of whatever purpose that is deemed appropriate
by science itself. Hence, it is not in the interest of Mode 1 scientists to decide what societal
use their knowledge will have (Bush, 1969).
In its refined form, one can say that the researcher is the principal agent deciding whether the
research activity is useful or not. Knowledge production is, according to this rhetoric, often
framed as autonomous (Bush 1945, Widmalm 2008, Hansson 2007). Mode 1 knowledge
production earns legitimacy through its independence from society, culture and politics.
Following this rationale, the quality of research results is primarily determined by other
researchers through established academic peer review processes (cf. e.g. Lundgren, 2000).
Mode 2 knowledge production
In contrast to Mode 1, Mode 2 science has been described as a socially embedded research
practice performed in the context of application (Gibbons et al. 1994). Cannons promoting
Mode 2 science rhetorically argue that it is beneficial to society precisely since it is attuned to
the knowledge needs of various societal groups. As such, it grows from an inclusive and
open-ended collaboration with societal actors outside academia and is therefore at mercy of
inputs beyond the university setting. Mode 2 science is typically produced to be used by a pre29

determined receiver for a pre-set purpose. To meet the needs of these user groups is therefore
of highest importance to the Mode 2 researcher.
When successful, the Mode 2 knowledge becomes an integral part of the decisions or policy
plans of the identified user. Hence, the knowledge user emerges as the principal agent who
takes priority over the interpretation and assessment of what constitutes useful research
results. Knowledge production is, from this perspective, often framed as a use-inspired or coproduced endeavor that earns legitimacy from its societal application (cf. e.g. Nowotny et. al.
2001; Klein, 1990). The quality of Mode 2 science is therefore typically judged through
‗extended peer processes‘ including non-academic experts, and is seen as a means in a
societal goal achievement process (cf. e.g. Lundgren 2000; Bernal, 1996).

Initiating scientific knowledge production
The two stereo-typical categories or ideal types for scientific knowledge production presented
above, represent very different understandings of how science is (and should be) linked to
society. Nevertheless, we will in the following argue that the design of a research process
under these two modes of knowledge production tend to be more alike than what is typically
recognized. When initiating Mode 1 knowledge production, the researcher carefully plants
his/her research idea in well established academic theories and methods. The idea, however,
will always originate from a socially embedded interpretation or understanding of the natural
or social reality that is to be studied. In other words, initiating Mode 1 knowledge production
can never be a totally autonomous procedure. Mode 2 knowledge production consists of
essentially the same building blocks as Mode 1. The research idea is planted in theories and
methods, even if these are more explicitly discussed or ‗co-produced‘ with societal user
groups.
Rhetoric behind Mode 1 science
Historically, Mode 1 science has been considered the most respected forms of knowledge
(Gulbenkian Commission, 1999). When scientists initiate a research process according to this
tradition, they ensure that the academic foundation is scientifically robust and authoritative.
Focus is put on how the research process will advance the scientific understanding within a
particular field and thus fill knowledge gaps within the academic curriculum. If the right
books are read and followed to perfection, Mode 1 knowledge production is expected to
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deliver scientifically reliable results. This apparent ‗robustness‘ makes Mode 1 knowledge
production less vulnerable to social critique and influence from politics, media and public
opinion than Mode 2. While a robust academic foundation is central for the legitimacy and
authority of Mode 1 science, Mode 2 science draws its legitimacy from its very embeddedness
in society (Gibbons et al. 1994). Hence, engagement with social context is at the heart of this
research tradition.
Although this rather stereo-typical distinction runs the risk of turning Mode 1 into a
strawman, the scholarly literature continues to highlight the usefulness and value of Mode 1.
Many scholars have argued that traditional basic research builds a solid foundation for
knowledge production in society, and hereby helps canalize the scientific energy (Gulbenkian
Commission 1999). As opposed to the production of Mode 2 science, Mode 1 has been
considered less vague and its methods more well-proven. The underlying promise of this
traditional kind of knowledge production is that it may fill knowledge gaps which society did
not even know it had (Bush 1969).
Rhetoric behind Mode 2 science
Under the heading ―use-inspired‖ or ―co-productive‖, Mode 2 knowledge production aims at
integrating societal perspectives (values, norms and knowledge) in the research design
(Gibbons and Nowotny, 2001). This research tradition has in recent years gained a great deal
of attention in the meta-theoretical and epistemological debate in the science and society
literature. Mode 2 science is typically advanced as more transparent and ―socially robust‖
than Mode 1, and therefore also more legitimate (cf. e.g. Klein 2001, Gibbons et al. 1994,
Nowotny et. al. 2001, Etzkowitz and Leydesdorff 2000). By including members of the public
and/or societal stakeholders in the design and implementation of this applied kind of science,
Mode 2 scientists are generally claimed to pave the ground for transparency (cf. e.g.
Gulbenkian Commission 1999).
During the last decades, an increasing number of scholars have sought to translate these metatheoretical claims into research practice, which has led to a gradual expansion of Mode 2
knowledge production (van Asselt Marjolein and Rijkens-Klomp 2002). As we have learned,
it generally argued that this kind of applied science extends far beyond traditional academic
research methods. Mode 2 science has to open up for the input of societal knowledge users
when designing the research agenda. When formulating their research questions and choosing
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methods, it is argued that Mode 2 researchers must carefully analyze changing conditions in
society. These conditions are not as easily controlled, but when producing science changes
will occur and the research approach will therefore have to be altered along the way.
Spokespersons of Mode 2 typically call for an iterative research process developed in
collaboration with users. Hence producing Mode 2 knowledge puts high demands on the
researchers, making the research more vulnerable although it in the end may add useful results
to the surrounding society.
Producing

and

communicating

scientific

knowledge:

usefulness

in

society

Mode 1 and Mode 2 both produce knowledge, yet are depicted as having different
characteristics. In sum, Mode 2 is more transparent to society, directly useful, but less likely
to ask critical questions challenging the core foundations in and of society (Widmalm 2008).
Mode 1 science is depicted as more likely to produce predictable and reliable results and have
a higher potential for critical perspectives even if these, by no means, always are used. Mode
1 science, it is argued, is also more likely to be used as tools in ideological struggles,
especially if framed as apolitical and objective (cf. e.g. Lundgren 2000).
According to advocates of Mode 2, Mode 1 science has historically had monopoly on
knowledge production. But during the last half century ―society has begun to speak back to
science‖ (Nowotny et al. 2001). In this chapter we argue that this is hardly any news. Society
has always spoken to science. Yet, Mode 2 has perhaps made this communication easier and
more transparent. We further propose that sometimes such communication can be hugely
beneficial, in other cases not. As we have argued, Mode 1 knowledge production can never
be totally autonomous. Mode 1 would soon suffer malnutrition from an autonomic
environment, so it seems hard to understand how a refined Mode 1 knowledge production
would ever be possible. At the same time, we would argue that Mode 2 can never be totally
co-produced. Applied knowledge is always rooted in academia and tended by the researcher,
making its existence meaningful. Thus, Mode 1 and Mode 2 have obviously more common
features than what has been rhetorically presented in the literature. In the following we will
try to see how the two modes of scientific knowledge production play out in our scientific
field: namely climate science and policy research.
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Knowledge production in climate science and policy research
We are here interested in the opportunities and challenges of producing knowledge under the
conditions brought on by climate change. When examining research proposals from the
Centre for Climate Science and Policy Research (CSPR), as well as the field climate science
and policy research at large, we find a strong resonance with the theoretical debate on Mode 1
and Mode 2 outlined above. Drawing upon three research proposals at the CSPR, we find
traces of both logics. Firstly, the research project ‗Enhancing cities‘ capacity to manage
vulnerability to climate change‘ advances stakeholder meetings as the primary means to
gather empirical material and produce results that will be used by local stakeholders. To a
great extent, the rhetoric of this project proposal lines up with the logic of Mode 2 knowledge
production. Even so, an important project aim is also to strengthen scientific methods and
theories on how to assess local vulnerability to climate change, using a combination of both
non-climate factors and physical risks. This latter project aim departs from the Mode 2 logic
and resonates better with traditional Mode 1 knowledge production.
The opposite holds for the research project ‗Who gets what and when in international climate
politics‘ which includes clear strains of Mode 1 knowledge production. The aim of this
particular CSPR project is to analyze the role of science in the UN negotiation on climate
change, and it is to a large degree based on traditional research methods and theoretical
perspectives. However, the rhetoric of Mode 2 is also clearly present. The collection of
empirical material and the testing of research hypotheses will to a large extent be conducted
through participatory observations and workshops, i.e. in direct or indirect collaboration with
stakeholders. Finally, the project ‗Participatory catchment modeling for sustainable water
management‘ (further discussed in chapter 5 in this report) aims to develop a strategy for
production and communication of model based information through an integration of natural
and social sciences. The method used in this particular project is informed by an interactive
process of communication between local stakeholders, local authorities and researchers.
Although the project may emerge as a typical example of Mode 2 science, the Mode 1 logic
of Mode 1 is also present in the aim and method of this project. While usefulness for society
in forming policies and deliberating the processes emerges as an overarching goal, academic
method development and theory testing are also strong components.
When looking at these three CSPR projects, we see a high degree of both rhetorical logics.
This finding suggests that researchers at the CSPR think it possible to combine the strengths
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of these two research traditions, a conclusion opposite to the rhetoric used in the stereo-typical
descriptions of Mode 1 and Mode 2.
Concluding discussion
In this paper we have attempted to compare and test what rhetoric Mode 1 and Mode 2
knowledge production are built upon. We did so to explore strengths and weaknesses in
different traditions of knowledge production, as explained by the literature. Table 1 offers an
overview of our comparison.
Table 1: Emblematic characteristics of Mode 1 and Mode 2 science

Mode 1 science is useful since it is…

Mode 2 science is useful since it is…

Autonomous from society

Embedded in society

Has a critical potential

Socially legitimate

Often universal

Particular

Explorative

Problem-solving

Scientifically transparent

Socially transparent

Under academic peer review

Under extended, societal peer-review

Objective, apolitical

Embedded, politically engaged

Information for decision makers

Tool for decision makers

Scientifically robust

Socially robust

In this comparison, the two modes of knowledge production are depicted as each others‘
opposites. Most prominently, Mode 1 is built on autonomy whereas Mode 2 is
‗contextualized‘ or embedded in society (Nowotny et al. 2001). In contrast to this schematic
comparison derived from the literature, we have in this chapter tentatively argued that these
modes have more common features than generally stated. In practice, we think, the rhetoric of
both modes is hard to uphold. As argued above, Mode 1 can never be totally autonomous.
Many years of social constructivist scholarship have taught us that the scientific autonomy is
constructed and simply hides social bonds. This finding does not, however, mean that such a
constructions are meaningless; rather the opposite, for good and bad. Also, as mentioned,
Mode 2 would be meaningless to society if it was not to some extent rooted in academic
theories and methods. This means that Mode 2 also is legitimated by its scientific virtues. For
example, even when participatory methods are used, Mode 2 researchers make a number of
(scientific) choices both when deciding which social groups to collaborate with and when
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analyzing the resulting material. Along the same lines, we argue that Mode 1 often is engaged
with society, albeit indirectly. For instance, also the analysis of documents can be seen as an
indirect participation from the wider society.
As such, both Mode 1 and Mode 2 researchers have to take societal partaking and exclusion
into account. They both have to include society, if for no other reasons than for an appropriate
choice of empirical material. Each research tradition also has to relate to what makes science
scientific, as opposed to other forms of knowledge (e.g. forms practiced by consultants). The
rhetorically constructed differences indeed have value and consequences, yet below the
rhetoric a set of practical similarities surface. According to the present rhetoric, research is
political or apolitical, co-produced or autonomous and so on. Although scholars of science
and society typically challenge such stereo-typical distinctions, we would argue that the Mode
1 and Mode 2 debate paradoxically has reinforced the very same distinctions. Hence, in order
to move the debate further, we find it timely to recognize and discuss the similarities between
the two modes. Such a discussion, we argue, would strengthen scientific fields such as climate
science and policy research that often balance in between the two modes. The complex field
of climate science and policy research would gain from mixture of the two, in something that
could be described as Mode 1.5 or reflexively co-produced knowledge.
Applied science in the shape of Mode 2 is indeed valuable when gathering knowledge from
various actors, making the research results more legitimate and likely to be successfully
implemented. On the other hand, Mode 1 could provide an important forum for critical
examination in scientific fields driven by policy demands. When looking at a few research
projects in practice at the CSPR, we found that these projects are informed by both Mode 1
and Mode 2 logics. Accordingly, many projects already seem to combine the strengths of both
these modes of knowledge production. We argue that many research projects would earn from
recognizing these strengths when putting together their agendas. In order to do so, however,
there is an obvious need for a more nuanced debate about scientific knowledge production.
Despite the scholarly resonance of Mode 1 and Mode 2, we argue that Mode 1.5 is perhaps
the most common way of conducting research. Nevertheless, this hybrid form of knowledge
production is rarely recognized and utilized fully.
Understanding the conditions under which Mode 1.5 is produced could hold serious
advantages, if for no other reason than creating more modest and realistic expectations of
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what science can deliver. In such a light, the promises made by Mode 1 and 2 could be
nuanced and prompt a more reflexive understanding of how scientific knowledge is produced.
We have in this chapter not sought to end the debate on Mode 1 and Mode 2 science, but
rather to create a more nuanced platform for further discussions. We ask, in the light of
research practice, if there is any intrinsic value of separating Mode 1 from Mode 2. At least in
the field of climate science and policy research, the research problems seem to demand both
modes at the same time.
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4. The social researcher, the public and climate change research
Anders Hansson and Victoria Wibeck

Introduction
This chapter aims at discussing the roles of the researcher and the public when studying social
phenomena such as public understanding of climate change and public acceptance of climaterelated technologies. We will argue for the need of increased reflexivity about how we as
researchers influence the people we study, as well as increased sensitivity to how social
science is used in science- and policy debates. We take our starting point in the observation
that over the past few decades, awareness has mounted worldwide of the urgency of managing
complex environmental problems. It is increasingly evident that as regards environmental
issues, ‗nothing can be managed in a convenient isolation; issues are mutually implicated;
problems extend across many scale levels of space and time; and uncertainties and value
loadings of all sorts and all degrees of severity affect data and theories alike‘ (Funtowicz and
Ravetz 1999, p. 1). The traditional university system, which is often hierarchical and bound
by disciplinary structures, faces limitations when confronted with research problems evoked
by complex environmental research problems, such as those related to climate change
(Nowotny 2007). Thus, the past few decades have witnessed increasing efforts to step away
from the traditional system where science and policy were clearly separated domains, and
where the goal of scientists was to ‗speak truth to power‘ (Price 1965).
Along with trends in the policy arena to increase public participation in political processes
(e.g. European Council 2006), there have been similar calls for public engagement in science
(e.g. Rogers-Hayden and Pidgeon 2006). For instance, scholars have argued that research into
complex environmental issues demand a transition from the traditional disciplinary academic
system into a different system of knowledge production where research is increasingly carried
out in the context of application, with involvement by a multitude of stakeholders (Funtowicz
and Ravetz 1993; Gibbons et al 1994; Nowotny et al 2001). In the following we will provide a
few examples of ongoing research into public understanding and public acceptance of climate
change and climate-related technology. These examples will serve as a basis for a discussion
about the changing role of the researcher and the public in climate-related social research.
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Public understanding and social representations of climate change
Previous studies of public perceptions of climate change have mainly been of two types.
First, there is a relatively long tradition of studies focusing on how lay people understand
and relate to the issue of climate change (e.g. Kempton 1991, Seacrest et al. 2000, Ungar
2000, Etkin and Ho 2007). It has been shown that public interest and engagement in
climate issues has increased markedly during the past year (Eurobarometer 2006a, 2007,
Naturvårdsverket 2007). This type of studies provides an interesting, broad, picture of what
people think, but with less focus on the arguments and value premises underlying their
opinions. In addition, some of these studies start from a ‗deficit model‘ of science
communication, assuming that lay people need more knowledge in order to regain trust in
scientific authorities and to change their life styles in favour of more climate-friendly
behaviour (cf. Kahlor and Rosenthal 2009).
However, the deficit model has been criticized for assuming that merely providing more
information is enough. It has been argued that if lay people perceive information as lacking
context or utility, they will not assimilate it (ibid.). Another problem that has been
discussed in relation to studies of people‘s opinions or attitudes is that such studies risk
treating people‘s minds as ―little black boxes, contained within a vast black box, which
simply receives information, words and thoughts which are conditioned from the outside in
order to turn them into gestures, judgments, opinions and so forth‖ (Moscovici 1984:15).
Traditional attitude research has been criticized for presupposing the existence of stable
attitudes among groups in society (Billig 1993). It has also been dominated by a focus on
individuals‘ attitudes, thus ignoring the wider context of socially shared knowledge
constructed within a ‗thinking society‘ (Moscovici 1984). In traditional attitude research,
which is often undertaken via structured questionnaires, the role of the researcher is usually
perceived to be that of an objective recorder, ‗tapping off‘ people‘s opinions.
The second type of studies focuses on the construction of lay knowledge and can be seen as
a reaction to individual-oriented traditional attitude research. Such studies start from the
assumption that ideologies, opinions, attitudes, emotions and value premises form part of a
complex argumentative web made manifest (and at the same time established, changed and
reinforced) and used as a resource by the interacting participants in a discursive process.
This type of studies is often conducted within the frameworks of discourse analysis or the
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theory of social representations. A few examples could be mentioned here. At Universidade
do Minho, Portugal, the ongoing project ‘The Politics of Climate Change: Discourses and
Representations‘ studies the relation between the discourses of various social actors on
climate change, their representation in the media and citizens‘ perception of the issue.4 In
the project ‘Social Representations of Climate Change in the Media and among Citizens‘,
undertaken at Örebro University, social representations of climate change are being studied
primarily in the media, but also among lay people.5 At CSPR, the recently initiated project
‘Making sense of climate change: A study of the formation and maintenance of social
representations‘ analyzes how lay people form and maintain social representations about
climate change, and how they use different communicative strategies to make sense of the
conflicting messages.6
These projects take their point of departure in the theory of social representations, which is
a theory offering tools for illuminating how individuals jointly construct (partially) shared
representations about the surrounding world (Moscovici 1984). As a contrast to attitude
studies employing questionnaires and other types of quantitative interviews, the studies
mentioned above are based on qualitative methods such as focus groups, in-depth
interviews and discourse analysis of media texts and political documents. The theory of
social representations is regarded as particularly suitable when studying what happens
when expert knowledge and ‘common sense‘ meet (Bauer and Gaskell, 1999). It also
provides a framework for studying implicit assumptions underlying the argumentation in
different contexts (Wibeck et al. 2007). There is an emerging international literature which
understands the formation of social representations from a dialogical perspective, and
which elaborates on the use of focus groups as ‘thinking societies in miniature‘ well suited
to study joint meaning-making in action (e.g. Marková et al. 2007).
In contrast to research inspired by the deficit model of science communication, projects
based on the theory of social representations emphasize the power and dynamics of lay
thinking and arguing, and the ability of the ‗ordinary person‘ to handle complexities and
produce subtle lines of argument (e.g. Billig 1993, Wibeck et al. 2007). Nevertheless,
researching public understanding of climate change from the perspective of social
4

See http://www.necs.ics.uminho.pt/disclimate/indexi.htm
See http://www.oru.se/templates/oruExtNormal____45595.aspx
6
See http://www.cspr.se/projects
5
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representations theory confronts the researcher with new dilemmas. The study of joint
meaning-making in action means that the interviewees construct new knowledge during the
data collection process. Even the researcher is involved in this process. As a moderator or
interviewer, the researcher is not an objective recorder of attitudes, but an active part in the
co-construction of meaning taking place in the interview situation. Far from assuming that
stable attitudes could be ‗tapped off‘ from the study subjects to be reported in an objective
way, the creation of ‗thinking societies in miniature‘ gives room for interaction between
interviewees which may result in learning processes potentially (at least partly) changing
their opinions. Thus, the crucial question in analysing data changes from ‗what are the
interviewees‘ opinions?‘ to ‗what do they learn?‘ (Wibeck et al 2007), or ‗how are social
representations of climate change formed, maintained and modified throughout the study‘?
It is worth noting that research on public understanding of climate change does not
necessarily imply that the public is actively engaged in the scientific process. However,
studies of public understanding of climate change are often akin to action research.
Underlying much research within the framework of science for sustainable development is
a normative standpoint that lifestyle changes are necessary to accomplish sustainability.
This means that research on public understanding of climate change could have a double
aim; to collect and analyse data on socially shared knowledge, and to constitute a tool to
bring about social change. There are, however, few examples of studies problematizing this
double aim or evaluating learning processes initiated among lay people participating in
interviews and focus groups. The normative agenda could take two forms in social
research: first, the study subjects participating in e.g. a focus group could be encouraged to
explore new ways of acting climate-friendly in their everyday life; second, the results of the
study could be used as a basis for forming new policies, information campaigns etc.
We argue that any researcher studying public understanding of climate change need to reflect
upon how he or she influences the study subjects, as well as upon the relation between social
research and climate policy. To elaborate this further, we will discuss a type of studies where
the idea of lay knowledge deficit may be traced, as well as the co-constructive role of the
researcher, i.e. studies of public acceptance of carbon dioxide capture and storage (CCS).
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The case of Carbon dioxide capture and storage and public acceptance
CCS has recently been proposed as one of the major technologies for climate change
mitigation.7 It may, according to the Intergovernmental Panel on Climate Change (IPCC),
mitigate 15-55% of the required global greenhouse gases until 2100 (IPCC 2005).
Furthermore the technology is deemed as indispensible by the European Commission and
several major fossil fuel corporations (EC 2008). The technology is still not commercially
available, and will probably not be until 2020-2030 (IPCC 2005, Hamilton et al. 2008, EC
2008). It is also complex, costly and interrelated to the management of hazardous waste (CO2
in huge quantities). Because of these problems, among others, CCS is contested by a number
of environmental organisations (ENGOs) and countries due to environmental and ethical
concerns. In addition, several industries question the economic effectiveness of the
technology, since it implies high costs at the same time as there is a lack of economic
incentives for CCS deployment today (de Coninck 2008, Rochon 2008, Stigson, Bryngelsson
and Hansson, forthcoming).
Beyond the potential barriers mentioned above, one of the major potential barriers to CCS‘
development, maybe even the most significant according to Reiner (2008) and IPCC (2005),
is the lack of public acceptance. The history of energy politics provides numerous examples
of intense public controversies halting large-scale implementation of energy technologies
(Anshelm 2000). In public surveys, CCS often comes out as one of the least wanted
mitigation options. To gain public acceptance for the technology, the CCS community has the
ambition to enrol ENGOs and social scientists in research on public perceptions of CCS as
well as on how to influence public opinion, present information or initiate education
campaigns concerning climate change and technological solutions (Curry et al. 2004,
Andersen et al. 2007, Reiner 2008).
A large number of public acceptance studies on CCS have been carried out in specific
countries and regions. In an ongoing project, involving CSPR and IVL8, a critical literature
review on all available CCS acceptance studies has been conducted. The public‘s lack of
knowledge or awareness of CCS has been found repeatedly as well as the relative minor
7

A brief definition from IPCC of CCS is as follows: ―Carbon dioxide (CO2) capture and storage is a process
consisting of the separation of CO2 from industrial and energy-related sources, transport to a storage location
and long-term isolation from the atmosphere‖ CCS may only be applied to large point sources and mainly for
coal fired power production. (IPCC, 2005)
8
Swedish Environmental Research Institute Ltd
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support for CCS. Only 4-22% of the laymen in the acceptance studies have heard of CCS.
However, many of them do not have more knowledge on CCS than those who have never
heard of it (IPCC 2005, Best-Waldhober et al. 2008, Itaoka 2008 et al., Reiner 2008). The
issues that raise most concern among lay persons are related to risks, geological storage
(NIMBY and NIABY), costs and whether the development of renewables will be delayed if a
large scale CCS deployment takes place. So how should a social scientist navigate in a
situation like this; a new untested grand technology, a fossil fuel industry with vested interests
and technicians and natural scientists trying to spread their word of the necessity of CCS?
Like in several studies of public perceptions of climate change in general, some of the
acceptance studies on CCS rest upon the deficit model for science communication. The
perspective is prevalent in acceptance studies conduced by for example Itaoka et al. (2006),
Daamen, et al. (2006) and Best-Waldhober, et al. (2008). In those studies the most influential
factors explaining the public acceptance of CO2 storage were investigated, e.g. how to
decrease risk perceptions on CCS, emissions, awareness of climate change, willingness to
pay, the importance of trust in various messengers and demographic factors. In Reiner et al.
(2006) the public‘s knowledge on different mitigation technologies where tested; hence
several ‘misperceptions‘ where detected. The importance of correcting these ‘misperceptions‘
is emphasised and is suggested to be done by outreach campaigns, community engagement
and educational strategies.
Among the most important factors in many studies, besides risk perceptions, is willingness to
pay and consequently the extra costs a mitigation technology adds to the householder‘s
electricity bill. In Curry et al. (2004) information declaring it is about twice as expensive with
renewable electricity as coal and CCS is presented for the informants in their study. Thus, the
researcher is an active part in the co-construction of knowledge. However, presenting
information on CCS‘ costs is highly problematic, especially as the alternatives are
downplayed and as long as CCS does not exist commercially. Furthermore, the recent price
fluctuations on cement, steel and coal had large impacts on the implementation of CCS,
witnessing of the difficulties to estimate future costs (Hamilton, et al. 2008, Hansson and
Bryngelsson 2009). Thus, the merits of CCS are not proven yet, and we claim that they should
be a matter of societal debate, rather than a starting point for information in outreach activities
and acceptance studies. Furthermore, several scientific uncertainties remain unresolved.
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Climate change issues may be framed as post-normal science since the facts are uncertain,
values are disputed, the stakes are high and the decisions are urgent (Funtowizc and Ravetz
1993). There are few clear cut scientific issues in the climate domain, and what is considered
as the scientific truth at one moment is not at another. This may also be exemplified by the
case of CCS. The Norwegian Utsira formation which probably is the ‗safest‘, most famous,
and most monitored CO2 storage area in the world had an unexpected leakage in 2008. Hence,
the potential of the formation was re-labelled from being “able to store all European
emissions for hundreds of years” to ―it remains uncertain whether Utsira is suitable for
large-scale storage Europe’s carbon emissions‖ (Oljedirektoratet 2009). Even though CCS
abates carbon dioxide emissions and has potential co-benefits (e.g. lower emissions of
hydrogen fluoride and hydrogen chloride), these trade-offs allow for increases in human
toxicity, ozone layer depletion and increasing fresh water consumption. These are trade-offs
that, according to Koornneef et al. (2008), cannot be defined by scientists themselves but they
need a broad public debate. On top of that, several scientific knowledge gaps remain
regarding e.g. the permanence of CO2, global and technological storage capacity, power plant
availability and cost reductions; topics that have been brought up at research conducted at
CSPR (Bryngelsson and Hansson 2009, Hansson and Bryngelsson 2009).
A number of studies exist where the purpose merely is to investigate people‘s attitudes
towards CCS, which risks that are perceived as most significant or how people change
attitudes when they receive various kind of information. Even though the purpose of such
studies seems objective and neutral, implicit normativity may be found. After reviewing seven
acceptance studies, Malone et al. (2008) came up with a conclusion regarding CCS and
acceptance studies: ―Finally, one result of quantitative surveys has been to create or reinforce
the implicit idea that the goal of public involvement is to gain complete, or almost complete,
agreement about the need to implement CCS, including confidence that safety and legal issues
will be resolved. The discussion sections try to probe, in an advertising-like way, what
characteristics of respondents could be used to ‘sell‘ the idea of CCS.‖ This perspective may
be justified by a view that the urgency for implementing technologies to manage climate
change legitimize scientists to not only take a stand, but also to manipulate people‘s opinions.
However, we argue for more reflections on the role of the researcher since the requirement for
sound scientific facts as the basis for rational policy making and outreach campaigns in the
case of CCS is hard to fulfil. In these cases, invoking the truth as the goal of science may be

44

distractive and manipulative, or even counterproductive. This will be further discussed in the
final section below.
Discussion
We are convinced that there is much to be gained from engaging a multitude of stakeholders,
including the general public, in deliberations about the use and consequences of scientific
research and technological innovations, especially if this is done at an early stage in the
scientific process. An ‗upstream‘, or early, public engagement could, according to its
proponents, forge a democratic approach to the governance of science (Rogers-Hayden and
Pidgeon 2007). Upstream dialogue could also enhance trust in the policy-making process and
generate better quality outcomes. The importance of early upstream engagement may be
exemplified by another CCS case. In 2007 a new CCS bill (AB705) governing the geologic
sequestration of greenhouse gases was withdrawn in California. The bill covered underground
site characterization, approval, well permitting, monitoring, remediation and construction
specifications, and was endorsed by the mayor of Los Angeles as well as the relevant major
NGOs. In spite of its broad support among major NGOs and politicians the concrete storage
project was halted due to local social protests and local NGOs even though their arguments
were not considered as scientifically legitimate by the CCS operators. The opposition to the
CCS bill illustrates potential conflicts which could arise in meetings between the global and
the local arena, and between expert and lay knowledge (Brown 2007).
However, Juntti et al. (2009) also gives examples of when the involvement of laymen in
scientific controversies causes new problems. In a case study of North Sea fisheries
governance the lay perspective got a disproportionate prominence and influence in the
negotiations. The lay men successfully refuted the scientific knowledge claiming the fishing
stocks were diminishing and managed to move the negotiations towards more personally
favourable conditions. Obviously there is a need for balancing different perspectives and also
highlighting the normativity embedded in different claims and positions. We claim that the
engagement is not a goal in itself. Otherwise, there is a risk that calls for upstream
engagement in science end up as yet an expression of the deficit model of science
communication, only with the exception that the focus is moved from a perceived deficit of
public understanding of science to a deficit of public engagement with science (RogersHayden and Pidgeon 2007).
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The examples of social research on public understanding of climate change and CCS
discussed in this chapter demonstrate how new research agendas highlight a number of
questions concerning the roles of social science, policy and the public. We argue that it is
important for the social scientist to be attentive to the often hidden agenda in science for
sustainable development and climate policy research to combine normative and descriptive
aims of research. If the aim is e.g. to both study public understanding and to contribute to the
development of climate-friendly lifestyles, or to inform climate policy and technologies, it is
crucial that the researcher acknowledges this and reflects on the consequences for the design
of the study. The ‗double aim‘ will affect e.g. recruitment of informants so as to include
participants from underrepresented or local groups as well as participants from more
privileged social groups. Methods for following up on and evaluating the processes started by
participatory research or ‗upstream‘ public engagement need to be developed and integrated
into the research project.
However, the idea of conducting normative research on public understanding of climate
change is not unproblematic. Scientific uncertainty regarding e.g. the risks and benefits of
CCS technology, or what constitutes a ‗climate-friendly lifestyle‘ still remains. Moreover, it
has been argued that attempts to change individual behaviour and social consumption patterns
represent a type of social engineering which starts from the assumption that it is possible to
control and master climate as well as individual choices and behaviour (Hulme 2008).
Perhaps a middle way could be to conduct research neither with a purely normative nor
descriptive aim, but with a critical aim of analyzing as well as problematizing public
understanding.
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5. Participatory research in theory and practice: why, how and
when?
Anna Jonsson, Eva Lövbrand and Lotta Andersson

Introduction
The relationship between science and society has been widely debated in recent years. In an
age of food scares such as the mad cow crisis in the UK or global environmental risks such as
climate change, scholars and practitioners alike have suggested that scientific experts need to
test the validity of their knowledge claims outside the laboratory. Rather than approaching the
world of science as separate from society, there is today an extensive literature that seeks to
hold science accountable to its public constituencies. Post-normal science (Funtowicz and
Ravetz 1993), citizen science (Irwin 1994), Mode 2 science (Gibbons et al. 1994) and coproduction (Jasanoff 2004, Lemos and Morehouse 2005) are just some of the many concepts
currently employed to rethink the role of science in society. Central to all these concepts is the
idea that science cannot function in isolation. Instead of building the scientific claim to
authority on its presumed autonomy from societal context, a growing scholarship today seeks
to make science more ―socially robust‖ (Nowotny et al. 2002) through direct engagement with
societal context.
In this chapter we discuss these scholarly efforts to establish a new social contract for science
from the vantage point of two participatory research projects designed and implemented by
researchers at the CSPR. The first project called DEMO (Participatory Catchment Modelling
of Nutrient Transport for Sustainable Water Management) was carried out in collaboration
with the Swedish Meteorological and Hydrological Institute (SMHI) and the Lund University
Centre for Sustainability Studies (LUCSUS) during the years 2005-2007. In this project the
research team tested a participatory methodology in the drainage area of the Kaggebo Bay in
the Baltic Sea in South-eastern Sweden. The project aimed to assess how mathematical
models can be used in stakeholder dialogues with emphasis on reduction of nitrogen and
phosphorus loads in local lakes and the coastal zone. The second project called PAMO
(Participatory Modelling for Assessment of Climate Change Impacts on Water Resources) is
still ongoing in the Thukela River Basin in South Africa. The project, developed in
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cooperation between SMHI and the University of KwaZulu Natal, aims to assess how various
stakeholders perceive climate induced risks on water allocation, farming and the environment,
and with what means adaptation to such risks can be met.
The chapter draws upon these practical efforts to engage stakeholders in the research process
to critically assess contemporary calls for more ―socially robust science‖. We use the term
―participatory research‖ to denote the range of methods and techniques used by scientists to
invite lay and stakeholder groups to articulate their knowledge, preferences and values in
relation to the issues at stake (e.g. focus groups, stakeholder dialogues, model facilitated
dialogues and tool development workshops). Hence, rather than referring to an academic
analysis of participatory processes in society, participatory research is here approached as an
example of Mode 2 science co-produced in ―the context of application‖ (Gibbons et al. 1994).
The role of the stakeholder participants in the process is not to be observed, but to actively
contribute to the conclusions. Following the experiences of DEMO and PAMO, we pay
particular attention to participatory research organised around mathematical models. In both
projects such models have been used as a platform for communication among different stakeholder groups and scientists. Model facilitated dialogues, as defined in this chapter, thus
implies modelling with people, in contrast to agent based modelling which is based on
modelling of peoples‘ behaviour and its consequences (Pahl-Wostl 2002).
We organise our chapter around three central questions. Firstly, we ask why stakeholder
groups should be involved in matters of science. Drawing upon the rich literature in this field,
we identify a substantive and a normative rationale for participatory research. In the second
section we make use of examples from the DEMO and PAMO projects to discuss how these
theoretical imperatives can be translated into practice. We note that efforts to do participatory
research are fraught by many practical constraints and contingencies. While the two projects
have been informed by both substantive and normative aims, they raise the question to what
extent it is possible to realise the high theoretical expectations tied to participatory research.
Hence, we end by asking when participatory research makes sense. Although the ambition to
open up science to public scrutiny and debate remains an attractive ideal, we note that
meaningful stakeholder involvement in matters of science is a challenging and time
consuming task (for researchers as well as for the invited stakeholders) that requires further
scholarly scrutiny and debate.
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Why do participatory research?
Despite the recent celebration of public and stakeholder involvement in the production and
use of scientific knowledge, a quick review of the literature in this field suggests that the
debate is marred by murkiness (Kleinmann 2000). The lack of clarity is partly related to the
range of different rationales for doing participatory research. In an attempt to map the debate,
Stirling (2008) has made a useful distinction between substantive and normative imperatives.
The substantive rationale for participatory research is primarily focused on outcomes. From
this perspective, the involvement of representatives from various sectors of the society in the
research process is approached as a means to broaden and enrich the knowledge base in a
given issue area. Particularly in cases of high uncertainty or risk (e.g. anthropogenic climate
change, biotechnology), the diverse ―knowledge-abilities‖ of lay and stakeholder groups have
been highlighted as a resource that will enhance the scope and quality of scientific risk
assessment (cf. Funtowicz and Ravetz 1993, Felt and Wynne 2007). By creating conditions
for meaningful deliberation on the unknown, unspecified and indeterminate aspects of
scientific and technological development, participatory exercises are in this case thought to
bring reflexivity to modern risk governance and thus increase society‘s ability to deal with
unforeseeable contexts (Nowotny et al. 2002, p. 167).
While analytically distinct, this substantive argument for public or stakeholder involvement in
the production and use of science is often closely tied to the normative imperative. The
normative imperative can be interpreted as critique of the use of science in society. Rather
than working for the benefit of society as a whole, scholars of science and society have argued
that science too often serves an ideological function of legitimising the interests and decisions
of societal elites (Fischer 2005, Wynne 2007). From this vantage point participatory research
is promoted in the name of democracy and the empowerment of people as citizens (Irwin
1994, Leach et al. 2007). If members of the public are invited to question how experts frame
an issue and thus ―open up‖ unexplained assumptions and tactic value choices, they may, it is
argued, challenge science-based claims made by social elites and hence build more legitimate
forms of political authority (Stirling 2008, Fischer 2005). Beyond this broader ambition to
enhance the democratic quality of public decision processes, the normative imperative also
holds the promise of increased public acceptance of scientific knowledge. If social actors
directly affected by research results are invited to validate the assumptions made in the
various steps of a research process, it is assumed that they will gain trust in the findings
(Andersson et al. 2008).
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The DEMO and PAMO projects draw upon both these imperatives. While placed in different
geographical and social contexts, the two projects have been designed to include stakeholder
groups in the setup and use of natural science modelling tools. On the substantive side, such
―co-production of knowledge‖ is expected to be beneficial to model development and
application. By integrating stakeholders‘ perspectives in the research process, the projects
have sought to enrich the understanding of environmental risks (eutrophication in the DEMO
case, climate impacts on water resources in the PAMO case), and the range of societal
obstacles that challenge the management of such risks. On the normative side, the
involvement of affected social groups has aimed at increasing stakeholder confidence and
ownership of the results and conclusions from the projects, including the formulation and
dissemination of local adaptation and/or mitigation plans. In the following section we discuss
how the DEMO and PAMO projects have translated these substantive and normative
ambitions into practice.
How to do participatory research?
The substantive and normative promise of participatory research rests upon a number of
procedural requirements. Below we highlight three procedural aspects of relevance to the
participatory quality and substantive output of the DEMO and PAMO projects; 1) the
selection of participants, 2) the framing of the issues at stake, and 3) the design and
implementation of the process (Jonsson and Alkan-Olsson 2005, Andersson et al. 2006).
Participant selection
The selection of participants is of central importance to any participatory research process.
Depending on the aim and scope of the exercise, the participants can either be members of a
specific civic constituency, representatives of organised interests (i.e. stakeholders), or experts
with academic or non-academic training. Following their substantive rationale, the DEMO
and PAMO projects have targeted affected stakeholder groups that are expected to add
important knowledge to the research process. The DEMO project came about upon the
initiative of local stakeholders within the agricultural sector, more specifically, a local branch
of the Federation of Swedish Farmers, LRF, and particularly one enthusiast, in the Kaggebo
region. This circumstance facilitated the stakeholder selection process and allowed the
participatory modelling process to gain legitimacy by linking into local networks at an early
stage. However, whereas the farmers involved in the process were part of a well-developed
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national farmers‘ network and therefore emerged as a strong stakeholder group, house owners
with private sewages were less organized and therefore required more efforts to reach,
motivate and engage.
In contrast to the DEMO experience, the PAMO project was not initiated by local
stakeholders but by foreign researchers seeking to test a predefined research agenda in a new
country context. The Swedish research team identified, in collaboration with their South
African colleagues, three central stakeholder groups for which separate workshops were
arranged, (i) government authorities; research institutes; and companies; (ii) commercial
farmers; and (iii) small-scale farmers. In a heterogeneous society such as South Africa, with
large asymmetries in income, educational level, landownership and race, there are
fundamental differences in how environmental risks and water allocation problems affect rich
and poor. Although the main opportunity for a better future lies in cooperation between these
various social groups, the asymmetries in wealth and voice made it difficult for the PAMO
project to initiate a discussion about climate change in meetings with all groups participating.
However, also in the PAMO project the research team managed to involve a local enthusiast
who helped to overcome the historical mistrust among the involved stakeholders. Working as
a well-know and respected agricultural extension officer, this key actor facilitated the
participation of small-scale farmers. He also functioned as a bridge between the local farming
community, the commercial farmers and the representatives from local authorities.
Consequently, both DEMO and PAMO demonstrate the trust and confidence building role
that local enthusiasts or ―fire souls‖ (Blomqvist, 2004) can play in participatory research.
Issue framing
The DEMO and PAMO experiences also suggest that the framing of the issues at stake is of
great importance. When setting up computer-based models of environmental conditions,
substantial amounts of information about landscape characteristics, human activities and
observed variability of climatological and hydrological/oceanographic variables are needed.
Earlier experiences (Alkan-Olsson and Berg 2005, Brandt et al. 2007) have shown that
models used for the national scale (e.g., for national reporting) can use standardised input data
such as soil type, vegetation, topography and climatic regions. However, when applying
models to local conditions (where mitigation/adaptation measures are carried out), the quality
of such standardised data increases significantly when verified locally. Hence, in the DEMO
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project, stakeholders were invited to perform such verification in the model setup. At this
early stage of the research process, farmers provided data from soil sampling at the farm level
and identified ―typical management practices‖ at various types of farms. The stakeholders
also participated in the monitoring of water levels and sampling of water for nutrient analyses,
verified official databases and included ―soft data‖ (e.g. observations of overland flow or of
flow in macropores).
The substantive value of this stakeholder input was demonstrated at an early stage of the
project when the participants noted that the hydrological boundaries, as shown on official
maps, had been altered with the consequence that a substantial amount of riverine water did
not reach the coastal zone in focus for the project. Had the incorporation of this knowledge
not been considered in the model setup, the results may have been seriously questioned and
the overall confidence in presented results low. Thus, in the DEMO case, stakeholder
participation led to a better model description of reality due to inclusion of local information,
as well as improved possibilities for model calibration and validation.
In the PAMO project, however, there was no stakeholder involvement in the actual setup of
the climatological and hydrological models. Instead of inviting the stakeholders to provide
descriptions of current hydrological conditions and possible impacts on these by local actions,
the aim of the model exercise was to provide information about projections of relative change
of climate-related conditions deemed important by the stakeholders. To that end the PAMO
researchers asked the stakeholder participants to select what projections to provide and to
respond to the three climate impact scenarios provided. The issue of climate change scenarios
was explained by the researchers at an early stage of the project and it was made clear to all
participants that the scenarios represented thinkable pathways to future development, not
predictions. On the basis of this discussion, the participants were invited to assess the
robustness of the three provided climate change scenarios, produced with different
combinations of Global Circulation Models and emission scenarios.
Although guided by a substantive rationale, the researches did not have time enough to
include the rainfall and temperature data collected by the farmers in the area in the setup of
the hydrological model for the area. This demonstrates that sometimes compromises have to
be done, where the degree of participation has to be limited in order not to slow down the
process too much. Since climate change scenarios containe a great deal of uncertainty and
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since many participants need to focus on today‘s problems rather than on planning for the
future, the researchers let the participants address their present vulnerability to impacts of
climate variability. This exercise helped the researchers to better adjust their climate scenarios
to local needs. In addition, exercises were included to assess the participants‘ overall fears and
visions for the future. Consequently, the framing of the project over time shifted from a strict
focus on climate change, to issues of more relevance to the participating stakeholders.
Project design and implementation
The design of a participatory process represents the third procedural aspect of importance for
participatory research. Davies and Burgess (2004, p. 352) observe that participatory exercises
rests upon messy and socially embedded encounters in which a complex series of judgements
are negotiated around the knowledge and identities of all involved actors. To structure such
processes in accordance with procedural ideals is a methodological challenge that draws
attention to participatory researchers themselves. Practical choices made by this emerging
epistemic community (Chilvers 2008) shape the dynamics of the exercise in a manner that
affects its normative and substantive potential.
The DEMO and PAMO experiences suggest that practicalities such as meeting venue, time
during of the day and year, food and drink for the participants affect the willingness of the
targeted stakeholder groups to participate in the exercise. To organise meetings in locations
familiar to the participants is also of importance, not the least because it gives the project
scientists the role of guests rather than hosts of the meetings. This change of roles affects the
power dynamics of the exercise and facilitates local trust building. In the DEMO and PAMO
cases, the scientists started off the process with lectures containing facts on the issues at stake.
These lectures ensured that all participants received a shard understanding of eutrophication
(in the DEMO case) and climate change impacts on water resources (in the PAMO case).
Gradually, however, a different division of roles between researchers and local stakeholders
developed. Lively discussions took place and several types of knowledge surfaced, i.e. both
expert and local. This more open-ended type of deliberation allowed the participants to
develop ―interactional expertise‖ (Carolan 2006) that enhanced the co-production process
substantially.
Although the DEMO and the PAMO experiences differ, they both suggest a transformed role
for the research team. Rather than acting as a distant provider of information, the DEMO and
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the PAMO researchers turned into equal participants in the process of compiling a picture of
environmental conditions today and possible scenarios for the future. As argued by Schulze
(2001) the use of models as a policy-making tool makes it necessary for scientists to shift
from a ―research thinking‖ to a more outcome based ―policy thinking‖ to fit the needs and
demands of stakeholder groups involved in a research process where policy is in focus.
However, far from all participatory research projects result in this transformation. The DEMO
and the PAMO projects suggest that the number of meetings organised is one central factor
that affect the trust and confidence building potential of the exercise.
In the DEMO case the stakeholders were invited to participate in the research process in three
phases. After having given significant input to the model setup, the stakeholders were also
asked to present their local ―water visions‖, i.e. desirable services from lakes and the coastal
zone translated into desirable levels of nutrient concentrations optimal for these services.
These locally formulated goals, in combination with the EU Water Framework Directive
(WFD) and the Swedish national environmental quality objectives, then fenced the discussion
on how much reductions of nutrient levels that were needed (Andersson et al. 2008; Jonsson
et al., in prep.). The invited stakeholders also contributed to the identification of obstacles for
the implementation of suggested mitigation measures. During the DEMO meetings, the
involved groups got to know each other well which contributed to a high degree of perceived
ownership of the process and the final project report. Since PAMO is not yet finalized, it is
too early to draw any final conclusions about the quality of the participatory process.
However, the lower number of meetings is likely to be one of several factors that will lead to
a less pronounced perception of ownership from the involved stakeholder groups. Considering
the complex socio-economic setting of the project area and the researchers‘ foreign passports,
it can be questioned, however, if it at all is possible to obtain the same degree of stakeholder
engagement in the PAMO project.

When does participatory research make sense?
In this brief paper we have discussed findings from two participatory modelling projects
carried out in Sweden and South Africa. Both research projects have taken place in parallel to
local policy making, although the institutional framework for actually ensuring that the
research-driven process has a real impact on local policy is rather vague. Driven by both
substantive and normative ambitions, the projects have sought to create a consensus among
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local stakeholders around the nutrient pollution problem and possible ways forward in the
Kaggebo Bay and its drainage area, as well as around the climate change and water resources
issue and possible ways to adapt in the upper Thukela basin in South Africa. The extents to
which these ambitions have been met vary in the two projects. In the DEMO case the input
from local stakeholders was substantial, resulting in a high degree of confidence and trust in
the project results. Most stakeholders concluded that it was the process in itself, including
dialogues with external experts, people in their own sector, as well as other local groups with
other perspectives, that influenced their understandings and possible future action. The
scientific models as such were only useful to the extent that they were included in these
dialogues.
The socio-economic complexity of the PAMO project has resulted in a different project
dynamics. While it is too early to determine the final results from this South-African
experience, it remains clear that successful participatory research requires substantial
investments in time and trust. The issue at stake must be seen as meaningful by all those
involved, and a fair balance needs to be found between science and stakeholder influence. As
demonstrated by the DEMO and PAMO experiences, projects initiated locally by the involved
stakeholders seem to have better potential to realise their substantive and normative promise
than projects with a scientific bias. Moreover, projects with a high degree of stakeholder input
and many project meetings are likely to gain more trust among the involved participants, than
projects organised around a pre-determined scientific agenda. However, meaningful
involvement is seldom straightforward. No matter how much resources that are spent on
process design, a risk always remains that powerful groups, whether experts or dominant
stakeholders, ―highjack‖ the process. Rather than opening up the issues at stake to scrutiny
and debate, such participatory exercises may instead legitimise the interests and agendas of
the few at the expense of the many (Stirling 2008, p. 278). To reduce this risk requires a great
deal of awareness and motivation within the research team.
Beyond these procedural challenges, meaningful involvement is also closely tied to the
substantive outcome of the exercise. As noted by Abelson et al. (2005), the willingness of
non-scientific actors to invest time and resources into participatory exercises often hinges on
their ability to make a difference and have real policy impact. While both DEMO and PAMO
have tapped into pressing environmental policy issues, the direct influence of the research
process over political decision making will always be limited. In order to secure a continued
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social interest in participatory research, we conclude that involved scientists have to reflect
upon their role and specify where the research process ends and policymaking begins. They
also have to strike a balance between the willingness among various stakeholder groups to
engage in participation, and the value such engagement adds to the research process. Since
participatory research is a challenging task that requires a great deal of commitment by all
involved actors, it does not fit for every purpose. Hence, before embarking on time consuming
participatory exercises, we conclude that scholars need to take careful note of the
circumstances when and how they add value to the research process.
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