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Climate change has been receiving a great deal of attention in the environmental debate. Although many aspects of the climate problem are surrounded by considerable uncertainties, our basic knowledge is such that international and national agreements have been reached to take measures to abate climate change risks. The present paper introduces the special issue of Milieu, most of which is based on research carried out in the framework of the Dutch National Research Programme on Global Air Pollution and Climate Change (NRP). Special attention is paid to the framing of climate change research in NRP and challenges for (Dutch) climate research.





Climate change is a highly disputed environmental issue. This is partly due to the many scientific uncertainties surrounding the problem and partly to the difficult (but according to many scientists necessary) societal task of stabilising greenhouse gas concentrations in the atmosphere. The debate is about the causality and seriousness of the problem, the potential consequences and the measures required. The Intergovernmental Panel on Climate Change concluded in its second assessment report that "the balance of evidence suggests a discernible human influence on global climate" (IPCC 1996). Notwithstanding the many questions which remain to be solved about the climate problem, the Conference of the Parties under the climate treaty, the United Nations Framework Convention on Climate Change (UN-FCCC), held in Kyoto in December 1997, reached an agreement about legally binding reduction targets for the industrialised countries.


Box � SEQ Box \* ARABIC �1�: Goals, themes and findings of the Dutch National Research Programme on Global Air Pollution and Climate Change (NRP)


The NRP is a strategic research programme. Its main goals are to foster climate change research, to support climate policy and to encourage active communication between science, policy and society about climate change issues. The NRP focuses on questions for the medium and long term. It includes both natural and social science research on climate change problems and is organised into four themes:


1. Dynamics of the climate system and its component parts


2. Vulnerability of natural and societal systems to climate change


3. Societal causes and solutions


4. Integrated assessment





The first phase (NRP-I) was executed over the years 1990-1995. A compilation of NRP-I research can be found in Zwerver et al. (1995) and Zwerver and Kok (1998). The second phase (NRP-II) covers the period 1995-2001. NRP-II has a budget of about 45 million Dutch guilders. The programme is financed by the Dutch Ministry of Housing, Spatial Planning and Environment and the Netherlands Organisation for Scientific Research. About 80 projects are being carried out by some 30 different research groups from universities and institutes in the Netherlands.


	The present special issue of the Journal of Environmental Sciences Milieu gives a broad survey of issues and findings of Dutch climate change research. A considerable part of the underlying research has been carried out in the framework of the NRP (see Box 1). Each paper provides a review of different aspects of the climate issue.


	The present paper introduces the climate problem and positions the articles of the special issue (section 1). The authors of the articles are referred to in italics. This article further reflects on the way the NRP, as a strategic research programme, has tried to reach its goal to enhance climate change research in the Netherlands (section 2). The result can be characterised as the development from an explorative, some would say research-driven, research programme to a more policy-driven programme. This is quite understandable, given the difficulties the Netherlands has in meeting its climate targets (RIVM 1998). This tendency can be explained in part by the fact that the climate problem appears to have arrived at the management stage in the policy cycle (Winsemius 1986), which calls for science to pay extra attention to management-related questions. Klabbers et al. (1998) point at the fact that the prevailing steering paradigm finally defines the framing of what they refer to as the executive decision-making problem. As a consequence, however, other types of scientific research (outside the policy definition of the problem) may not be included in the programme, or be underrepresented. As has been noted by many observers, the Kyoto protocol is probably not sufficient to avoid dangerous anthropogenic interference in the climate system in the long run. The societal task will be to reduce greenhouse gas emissions in industrialised countries by 50-80% in the long term (IPCC 1995). Science will have to show a great deal of creativity in contributing to this. We would like to argue that, for a strategic research programme such as the NRP, the time has come to rethink this shift to a more policy driven-programme. Given the difficult tasks ahead and the special character of the climate change problem, we suggest the inclusion of research on long-term climate policies which are based on alternative approaches to the current policy definition of the problem (section 3). In addition to this challenge, we conclude the paper with suggested topics for climate change research (section 4).








1. Climate change as an environmental problem





Climate change is one of the environmental problems that occur on a global scale. Other examples are the loss of biodiversity, ozone depletion, desertification and deforestation. Together, these interrelated environmental problems are captured under the heading of 'global environmental changes'.


Climate change is the problem of an anthropogenically enhanced greenhouse effect. Without our atmosphere, with its natural greenhouse effect, the average global temperature would be -18°C instead of about +15°C. The natural heat trap is caused by the absorption by greenhouse gases of solar radiation which is reflected by the earth's surface. Although water (H2O) is the main greenhouse gas, man has considerably increased the concentrations of natural greenhouse gases like carbon dioxide (CO2), nitrous oxide (N2O) and methane (CH4), by increased burning of fossil fuel and by land-use changes. In addition, some synthetic chemicals such as hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulphur hexafluoride (SF6) are being introduced into the atmosphere. The rise in greenhouse gas concentrations increases the energy captured by the atmosphere, an effect which is called radiative forcing. IPCC (1995) estimates that this increase in radiative forcing, i.e. the anthropogenically enhanced greenhouse effect, will lead to a global temperature rise of 1.0-3.5°C over the period 1995-2100. The Kyoto Protocol agreed to introduce emission restrictions for CO2, N2O, CH4, HFCs, PFCs and SF6. See Gupta et al. (1998) for a summary of the Kyoto agreement.


The global mean temperature is increasing, with considerable local differences, and is initiating changes in the earth's climate-geosphere-biosphere system. This includes positive and negative as well as linear and non-linear feedbacks to the climate system. Slanina and Van Ulden (1998) review recent insights into the greenhouse effect. The detection of the signal of climate change in a highly complex and naturally changing system such as the earth requires a profound understanding of both human-induced changes to the climate system and the natural variability of the system. Slanina and Van Ulden (1998) discuss several key issues, such as the role of the sun, the clouds and especially aerosols. Aerosols have a cooling effect, since they reflect the solar radiation before it reaches the earth. Due to their short lifetime, the cooling effect of aerosols is regional. At first sight, this cooling effect of aerosols might appear to be a blessing in disguise under global warming conditions, but a second look reveals that, in view of the acidification and health problems caused by aerosols, there is a clear need to develop integrated policies which include aerosols and greenhouse gases.


Global Circulation Models (GCMs) are used to assess the future global climate under the greenhouse effect. At a global level, the results of various GCMs are relatively consistent. Since the assessment of impacts is most useful at a regional level, regional climate forecasts are of the utmost importance for climate change impact research. However, reliable regional climate forecasts are still under development. As Slanina and Van Ulden (1998) note, the level of uncertainty in regionalised climate forecasts is still so high that it would be scientifically unsound to make detailed regional projections. One solution to this problem is to investigate possible impacts under a range of possible climate changes (e.g. temperature and precipitation patterns) in the form of climate change scenarios. Van de Geijn et al. (1998) provide a survey of the range of possible impacts that we shall have to deal with.


A complicating aspect in impact research is the possibility of non-linear climate changes. One example is the change in ocean circulation patterns which might have serious effects on the climate in certain regions. Another example is the terrestrial biosphere: Scholes (1998) points out the possibility that the terrestrial biosphere, which currently is a net sink of carbon, could take up some of the anthropogenic CO2 from the atmosphere, turn into a net source of carbon and release CO2 to the atmosphere, thereby aggravating the problem.


Stabilising greenhouse gas concentrations at a level that prevents dangerous anthropogenic interference in the climate system (the ultimate goal of the FCCC) may well require a reduction of greenhouse emissions by 50-80% in the long term. Two papers in this special issue deal with national and international strategies to abate the climate change problem. Gupta et al.(1998) focus on emission allowances for developed countries, compare the different burden sharing proposals for the EU and discuss the various international instruments for implementing the climate treaties. Groenewegen et al. (1998) present a framework to support policies for implementing CO2 -optimal energy and material options.


	The final two papers discuss ways in which climate change research has tried to contribute to the societal debate and decision making about climate change issues. Berk et al. (1998) discuss the results of two dialogue projects, one between stakeholders, policy makers and scientists and one between scientists and negotiators for the Kyoto protocol. Uncertainties play an important role in the climate debate, sometimes to such a degree that they are considered a reason for inaction. Klabbers et al. (1998) present an overview of the main uncertainties in our knowledge about the climate problem, and more importantly, how these uncertainties can be handled in decision making.








2. Climate change as an unstructured problem 





The fact that the climate system is still rather poorly understood, and that the consequences of the anthropogenically enhanced greenhouse effect for the climate system and its impacts on natural and societal systems are surrounded by large uncertainties, distinguishes the climate problem from many other environmental problems. In the political sciences, this type of problem is labelled an unstructured problem, as compared to more technical problems (Hisschemöller and Hoppe 1996, Berk et al. 1998, Klabbers et al. 1998). Unstructured problems, such as global warming, are characterised by uncertainty about the problem as well as by a lack of consensus about relevant knowledge and values. Science operates in a context of high stakes (for instance, decisions about the future energy systems) and potential conflict (who is going to take measures and who will have to pay for them). The role of climate change research in this debate differs accordingly. Science will not be able to solve all uncertainties and provide definite answers, as would be possible to a larger extent for a more structured, technical problem.


	A promising approach in this context is integrated assessment. Integrated assessment of climate change is an approach that explicitly aims to integrate the disciplines to develop new 'insights' (as opposed to 'answers') to support decision making processes. Integrated assessment tries to combine an array of analytical and qualitative tools, such as models, scenarios, risk analyses, expert judgements and participatory methods (Rotmans and Dowlatabadi 1998, Berk et al. 1998). Integrated assessment models play an important role in this approach, but over the last five years the emphasis has shifted from integrated assessment modelling to integrated assessment as a multi-method approach.


	Looking back at how research has been programmed within the NRP, an implicit tendency can be recognised to treat climate change more and more as a structured problem. A shift can be discerned from an explorative programme to a programme that has to offer more direct support to the development of medium-term policy. In the context of the progress in climate policy (and the lack of short-term results in terms of emission reduction) this is a development that can be readily understood. Bearing in mind the special character of the climate problem and the task of achieving greenhouse gas emission reductions of up to 80% in industrialised countries, it may be questioned to what extent a strong policy-driven programming of research remains desirable for the next phases of NRP-like research programmes. In the remaining part of the present article we discuss some alternative ways of looking at climate issues. We suggest that reframing and tackling the climate problem from other angles may provide new and relevant insights for both climate policy and science.








3. Reframing the issue





In general, climate change research is framed on the basis of the climate issue, defined as a problem of global atmospheric change: a problem of rising greenhouse gas concentrations in the atmosphere which need to be stabilised and preferably reduced. Although this is a perfectly valid definition, it is not the only possible framing of the issue. We give three examples of alternative framing of parts of the climate issue, which are currently receiving less attention in climate change policy and research.


Human security. The inclusion of climate impacts as part of a series of factors influencing human security causes a shift in attention to questions about local problems, human wellbeing, health, and standards of living which would otherwise remain beyond the scope of climate impact research. Consequently, climate change will become less important as a single issue for research. This contrasts with a traditional framing in which climate impacts are mostly described on a sector by sector basis, as one of many stressors in a given system.


Climate change as a local/regional problem. Because climate change is usually presented as a global problem, it is experienced by many individuals as rather remote in time and space. This influences, for instance, their willingness to contribute to possible solutions. Rather than the global problem, both local causes and impacts could be the starting point for analysis. Climate change then becomes a problem of local action, which can afterwards be linked to global environmental problems and development.


Societal transformation processes. In an instrumental view of the contribution of social sciences to emission reductions, societal impediments have to be identified and measures should be taken to remove these. An alternative framing would be to see this issue as a 'social learning and transformation process' in which climate change would become part of the broader issue of sustainable production (Groenewegen et al. 1998).





Note that these three examples primarily result in research questions for the social sciences, rather than for the natural sciences. It is not surprising that the International Human Dimensions of Global Environmental Change Programme includes some of the above questions. We are not trying to say that these or other alternative framings of climate change issues will be more useful a priori, but we expect that exploring alternative ways to look at climate change problems may result in outcomes which are interesting for both science and policy.


	Leroy (1995) pleaded for a dual role for the social environmental sciences. The first task is to study social causes and consequences of environmental problems and to contribute to possible solutions; the second task is to research the mechanisms of defining societal and political problems and solutions. In climate change research, the first role can easily be recognised. The second role has been receiving less attention in climate research, which induces the danger of research becoming too instrumental. Analysis of environmental problems as social and political constructions can be very enlightening. Adding this more reflexive component to current climate research programmes such as NRP will be even more worthwhile because climate change is such a highly disputed environmental issue.








4. Questions for climate change research





To conclude this paper, let us mention some of the challenges and questions for climate change research. The first challenge follows directly from the above mentioned alternative framings of climate issues and is to elaborate these further and preferably to come up with other possible alternative approaches to the climate problem. A second challenge will be to integrate climate change research with other global environmental issues such loss of biodiversity, desertification and deforestation. The paper of Klabbers et al. (1998) identifies some of the uncertainties in our knowledge about the climate problem and can be used to identify research priorities.


Several issues are high on the agenda in climate system research. A better understanding of the natural variability of the climate system is needed to distinguish between natural variations and human-induced climate change. Non-linear changes in the climate system should be more fully understood, since they might alter our perception of climate change as a gradual process. Atmosphere-ocean and biosphere-ocean interactions may need most attention in this respect, and palaeo-research is likely to be helpful.


In impact research, ‘what if’ approaches rather than deterministic approaches are needed to reflect the high levels of uncertainty in climate change predictions for specific regions. At present, a wide gap exists between the global scale of climate models and the regional scale on which impacts are being investigated. If the downscaling of global climate models can be improved, this could lead to better predictions of future climate at a regional scale, which is necessary if we are to come up with better impact studies. Adaptation will need more attention than it has hitherto received, since societies will probably have to cope with some degree of climate change in any case. Also, it will be worthwhile to explore the possibilities of linking research into the consequences of global change to research on human security.


The challenge for research into solutions to the climate problems is to develop integrated ideas and strategies about societal systems which should in the long term reduce greenhouse gas emissions by 60-80%. In the short term, the international climate regime faces the task of developing burden differentiation regimes and strategies to involve the developing countries in the UN-FCCC. This requires a balance between fair and equitable rules of burden differentiation and cost effectiveness. Other important issues raised by the Kyoto protocol are the various international instruments (Gupta et al. 1998) as well as the future role of land use and afforestation options to reduce greenhouse gas emissions (Scholes 1998). Ideas are also needed about methods to bring the climate problem closer to the local and personal level. 


The need to develop integrated strategies to respond to the climate change problem emphasises the relevance of integrated assessment. The challenge is to develop methodologies which are able to fulfil a decision support role, without neglecting the many uncertainties in our knowledge of the climate change problem. Methodologically, the challenge is to develop integrated assessment as a multi-method approach, which is useful for decision makers and includes both quantitative and qualitative knowledge. Stakeholder participation is probably a fruitful part of such exercises (Berk et al. 1998).
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