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The aim of climate research is to increase our knowledge about the nature of climate and
the causes of climate variability and change. Increasing our understanding of the physical
processes on various spatial and temporal scales will ultimately reduce uncertainty and
improve our capabilities to predict climate on monthly to seasonal timescales and allow us
to separate the anthropogenic and natural causes of long term climate change.

Current estimates of past and future climate change, projections of future greenhouse
gas (GHG) emissions and their effects are subject to various uncertainties. Climate policy-
making faces a wide range of significant scientific and socio-economic uncertainties pointing
to the question of whether scientific understanding is sufficient to justify particular types of
technical and political actions (Lempert et al. 2004; Manning et al. 2004).

The public and policy-makers need current and accurate estimates of climate change
projections, uncertainty in future costs, benefits and impacts of potential choices, design of
greenhouse gas mitigation, preparation for adaptation, and the funding level of research across
many related disciplines. (Webster 2003; Webster et al. 2003). Without this information,
policy discussion is unavoidably divided in two opposing parties, those who support calls for
immediate action, i.e., reduction of human-caused greenhouse gases emissions, and those
who wish not to take action because they are waiting for more information (e.g., Reilly
et al. 2001). In addition, due to the potential social disruptions and high economic costs of
emissions reductions, a vigorous debate has developed concerning the magnitude and the
nature of the projected climate changes and whether they will actually lead to serious impacts
(e.g., Mahlman 1997). Thus, climate-change policy formulation constitutes a great challenge
since it introduces the problem of decision-making under uncertainty (Webster et al. 2003
and references therein).

The uncertainty analysis seems at first rather “uncomplicated”, in reality however many
empirical, methodological, institutional and philosophical challenges arise. Additionally, the
optimal decisions of today do not only depend on the current uncertainties but also on the
change in the uncertainties and our past and future responses. Policy decisions are therefore
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better modeled as sequential decisions under uncertainty (Hammitt et al. 1992; Manne and
Richels 1995; Webster 2002). The sequential decision process adapts to new knowledge and
responds to new information and events. This flexible decision process requires a careful
adhesion to the uncertainties’ change whilst continuously integrating new knowledge on
climate system processes and socio-economic consequences and reactions (Webster 2003;
Webster et al. 2003).

The quantification of uncertainty requires a model describing the fundamental and well
known multi-sectoral (scientific as well as socio-economic) processes that contribute to
the results. Furthermore, the use of consistent and well-documented methods to develop
uncertainty estimates will allow the changes in our understanding to be tracked through
time. In this case, a useful proportion of the uncertainties could be captured, although the
parameters and assumptions of the model will still include some uncertainty (Webster 2003).
Hence, a significant part of our uncertainty about past and future climate change will be
unavoidable (Webster et al. 2003).

The importance of adequately quantifying and communicating uncertainty has been re-
cently accepted in the climate research community. The authors for the Third Assessment
Report (TAR) of the Intergovernmental Panel on Climate Change (IPCC) were encouraged
to quantify uncertainty as much as possible (Moss and Schneider 2000).

However, various limitations characterise these attempts to quantify uncertainty: (a)
Climate observations were not used to constrain the uncertainty in climate model parameters
(Wigley and Raper 2001). (b) By using only one Atmosphere-Ocean General Circulation
Model (AOGCM), uncertainties in climate model response are reduced to uncertainty in
a single scaling factor for optimizing the model’s agreement with observations (Stott and
Kettleborough 2002). (c) The IPCC emissions scenarios have been used as of equal like-
lihood (Wigley and Raper 2001). (d) Some studies analysed the uncertainty only in the
climate system response without characterizing the economic uncertainty except through in-
dividual IPCC emissions scenarios, by estimating uncertainty in future climate change only
applied to specific IPCC emissions scenarios (Allen et al. 2000; Knutti et al. 2002; Stott and
Kettleborough 2002). (e) The uncertainty analysis was in no case done under a policy scenario
leading to stabilisation of GHG concentrations. (f) Uncertainty estimates for reconstructions
of past climate (e.g., Mann et al. 1999; Luterbacher et al. 2004; Xoplaki et al. 2005) usually
do not take into account dating uncertainty of the climate proxies (natural and documentary),
loss of signal confidence within the twentieth century calibration period, uncertainties in the
instrumental data (e.g. Brohan et al. 2006 and references therein), assumptions about signal
stationarity, proxies exhibiting an unquantified degradation in reliability, reduction of sample
replication, etc. (Esper et al. 2005).

Across all areas of climate change, it is found that uncertainty tends to increase when
moving from global to regional scales. Regional information is clearly highly relevant to
policy, but generally is much less precise and can be ambiguous and confusing. Thus, a
careful balance is needed when considering the scale at which policy relevant information
can be provided (Manning et al. 2004). The assessment of potential regional impacts of
climate change has, up to now, relied on data from coarse resolution AOGCMs, which do
not resolve spatial scales of less than ~300 km (Mearns et al. 2001).

According to Dessai and Hulme (2004) there are two different sources of uncertainty, the
“epistemic” and the “stochastic”. Epistemic uncertainty originates from incomplete knowl-
edge of processes that influence events. These sources of uncertainty can be reduced by further
studying the climate system, improving the state of knowledge, etc. Stochastic sources of un-
certainty are those that are considered “unknowable” knowledge — items such as variability in
the system, the chaotic nature of the climate system, and the indeterminacy of human systems
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(Dessai and Hulme 2004). Further, the likelihood of various scenarios will likely change as
soon as a prediction is made, because society begins to react (and adapt) and therefore change
the outcome in ways that were not incorporated into the prediction (Sarewitz et al. 2003).

The sources of uncertainty in climate forecasting that have to be taken into consideration,
as suggested at the IPCC Workshop on Communicating Uncertainty and Risk (Manning
et al. 2004), are: (a) Uncertainty in anthropogenic forcing due to different emission paths
(“scenario uncertainty”). (b) Uncertainty due to natural variability, encompassing internal
chaotic climate variability and externally driven (e.g., solar, volcanic) natural climate change
(“natural variability”). (c) Uncertainty in the climate system’s response to external forcing due
to incomplete knowledge of feedbacks and timescales in the system (“response uncertainty’)
(Allen et al. 2004).

The National Centre of Excellence in Research on Climate (NCCR Climate), which is
based in Bern, Switzerland, aims at increasing our knowledge of the climate system by carry-
ing outinterdisciplinary research on its variability and future change, climate impacts and their
financial evaluation, and climate policies (Figure 1). Itis a scientific network bringing together
130 researchers from 13 Swiss partner institutions (http://www.nccr-climate.unibe.ch/). The
NCCR Climate is a long-term research programme that started in 2001."

The core theme of NCCR Climate is: “Climate variability, predictability, and climate
risks”. It builds on three interlinked research fields that frame the research activities:

! The NCCR Climate in its second phase (2005-2009) is building on the scientific and institutional achieve-
ments of the first phase and focuses on: (1) European past climate variability covering the last 1000 years; (2)
Climate predictability, global to regional climate processes, and projections on seasonal to interannual scales
and more accurate predictions and extreme events; (3) Ecosystem impacts and adaptation, assessing implica-
tions for ecosystems and evaluating strategies for the management of forests and agriculture; (4) Climate risks
addressing questions on the potential perspectives for regional and global post-Kyoto climate policies and the
vulnerability and adaptation costs of regional and global economies to global climate change.
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1. What is the nature of past, current and future climate? What is the sensitivity of the
climate system (including the internal variations and extremes) to anthropogenic and
natural perturbations? What are the feedbacks between the atmosphere, the ocean, the
cryosphere, land surfaces and the anthroposphere?

2. What are the forced climate impacts on ecosystems, economy and society? What is the
likelihood of rapid transitions and changes with disruptive impacts? What is the role of
extreme climate events on ecosystems, the economy and society?

3. What are the options and strategies for the management of ecosystems, economic systems
and societal systems to respond to such climate changes and to reduce vulnerability?

Within the structure of the NCCR climate research, there are three geographical scales
(Switzerland including the greater Alpine area, Europe and global) and three temporal scales
(the last 500 years, the present and the 21st century).

The issues targeted in NCCR Climate require work at a wide range of spatial and temporal
scales as well as the combination and integration of results from observational, experimental
and modelling studies. Developing methodologies and providing an environment to work
across the boundaries of different scales and methods is a priority area in climate research. It
is intellectually and technically challenging, but a prerequisite to address the complex nature
of the research issues in an adequate manner.

This book (special issue) compiles seven consecutive and integrative chapters, which (i)
address some of the aforementioned common scientific challenges in current climate and
climate impact research and (ii) synthesize the interdisciplinary research across the large
thematic umbrella of the NCCR Climate. The scientific voyage starts with two selected
problems of atmospheric and climate research, that address (i) different scales in time from
the past to the future with different types of data availability (Raible et al. 2006), and (ii)
reducing uncertainty of climate predictions and projections (Schwierz et al. 2006). We then
move on to the topic of future climate change impacts on natural and managed ecosystems.
The main challenge of climate impacts research is to consolidate the large scale projections
to regional or local scales of climate variability and change, which can then be integrated
into more specialised climate impact models (Calanca et al. 2006). Impacts are not limited
to ecosystems but encompass the entire social, technological and economic systems (Fuhrer
et al. 2006). Thus, building a modelling framework where the climate system and the energy-
economy-environment systems communicate interactively with each other (Bahn et al. 2006)
is fundamental in order to assess future development paths, strategies and options for climate
change mitigation policies (Viguier et al. 2006). Finally, it is the society, at different hierar-
chical levels with different organizational forms and institutions, which makes the decisions
and assesses the future failure or success of any climate change policy (Biirgenmeier et al.
2006).

Raible et al. (2006) assessed the natural climate variability on interannual to decadal
timescales by using AOGCMs, state-of-the-art regional circulation models in combination
with multiproxy climate reconstructions from regional to continental scales. The reconstruc-
tions reveal pronounced interdecadal variations, which seem to “lock” the atmospheric cir-
culation in quasi-steady long-term patterns over multi-decadal periods, which partly control
the continental alpine temperature and precipitation variability. In contrast, the climate model
simulations indicate some substantial differences to the observations, indicating that the tele-
connectivity between modeled climate variables is weaker than in observations however, in
the future these teleconnections seem to be more stable. This partial disagreement between
the reconstructions and the model simulations implies the need for better instrumental and
more numerous natural/documentary proxy data sets, further improvement in reconstruction
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methods and multi-model ensemble approaches (combination of regional and global models)
(e.g., Yoshimori et al. 2005; Goosse et al. 2005, 2006; Raible et al. 2006).

Today’s climate models capture the essence of the large-scale aspects of the current climate
and its considerable natural variability reasonably well on time scales ranging from one
day to decades. Despite this significant achievement, the models show weaknesses that add
uncertainty to the very best model projections of human-induced climate changes.

Schwierz et al. (2006) present an overview of the uncertainties in climate model projections
that arise from various sources. They identified uncertainties stemming from the complexity
and non-linearity of the climate system, its irregular evolution and the changing climate
sensitivity, the emission scenarios selection and their implications for the radiative forcing,
and the inevitably incomplete and inadequate representation of the climate system in a weather
or climate model. The latter uncertainty can be separated into that which is connected with the
model equations representing the climate system interactions, the limited representation of
physical processes due to the low resolution of the models and the limited knowledge of some
physical processes including the non-linear interactions between the climate components.
Schwierz et al. (2006) report that a hierarchy of models is a powerful approach to estimate and
assess uncertainty, while the combination of different kinds of models of different complexity
with an overlap between the model evaluations can contribute to the quantification and
reduction of uncertainties from future climate model projections.

Calanca et al. (2006) combined simulations with a state-of-the-art Global Circulation
Model (GCM) complemented by an experiment with a high-resolution spatially distributed
hydrological model in order to quantify the impact of climate change and to reveal regional
differences in the response, both across the alpine region as well as within individual river
basins in Switzerland. They found that GCMs alone cannot capture the detailed regional scale
results, demonstrating the danger of a simple extrapolation of GCM results and underlining
the importance of a highly resolved hydrological model for the quantitative assessment of
the regional impacts of climate change. Current spatial resolution of GCMS is too coarse to
adequately represent areas of complex topography and land use change (Calanca et al. 2006).

Fuhrer et al. (2006) assessed climate risks on ecosystems using simulations for present
climate with a 50-km Regional Climate Model (RCM) with boundary conditions from a
GCM control experiment and compared the model output with observations. Climate risks
arise from complex interactions between climate, environment, social and economic systems.
They represent combinations of the likelihood of climate events and their consequences for
society and the environment. The assessment of climate risks depends on both the ability to
simulate extreme events in various scales and the understanding of the responses of the target
system. The projections of climate risks are dependant on the quality of the link between
larger-scale climate simulations and small-scale effects. Extreme climate events are often
related to large-scale synoptic conditions, but the scales at which impacts occur can vary
from local to regional (Fuhrer et al. 2006).

In order to obtain an integrated assessment of climate policies, Bahn et al. (2006) estab-
lished a two-way coupling between the economic module of a well-established integrated
assessment model and an intermediate complexity “3-D” climate model. The coupling is
achieved through the implementation of an advanced “oracle based optimisation technique”
which permits the integration of information coming from the climate model during the
search for the optimal economic growth path. They showed that further applications of this
method could include the coupling of an economic model and an advanced climate model
that could describe the carbon cycle. Additionally, the spatial resolution of the climate model
allows the construction of regional damage functions or in other words, the ability to link
climate feedbacks with economic activity (e.g. agriculture). A further step is the coupling of
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a macro-economic growth module with a detailed techno-economic model, in addition to the
coupling with a moderate complexity climate model (Bahn et al. 2006).

Viguier et al. (2006) used an optimal economic growth model, a multi-region bottom-up
process model and a multi-region computable general economic equilibrium (CGE) model
for the assessment of climate change policies. Their assessment reveals the important effect
of endogenising technological learning by early investments in research and development
(R&D) activities and demonstration and deployment (D&D) programs. These programs could
support the development and diffusion of cleaner technologies in the long term, and influence
the strategic behaviour of climate policy makers and ultimately the success of international
climate-policy. The strategic behaviour of the different countries towards the Kyoto protocol
is related with the connected costs and the ability of the governments to afford these costs.

Biirgenmeier et al. (2006) explore the reasons behind the reluctant application of economic
instruments of climate change. They stress the need for interdisciplinary research linking
economic theory and empirical testing to deliberative political procedures. They found that
the promotion of economic policies of climate change has to be completed by social policies
to capture the ethical aspects. Additionally, the problem of the social acceptance of economic
instruments of climate change can be overcome by using a) Conventional models that consider
the environment, either through public goods theory or through property rights theory and
b) More global models featuring relationships between economics, the biosphere and social
aspects in order to come closer to the concept of sustainable development.

The understanding of the likelihood of future climate requires further and repeated analysis
of the up-to-date combined knowledge on the climate and socio-economic systems (Webster
et al. 2003).
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