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Introduction



CHAPTER 1

1.1  The complexity of climate change uncertainties

The Rhine river basin is the fourth largest basin in Europe and the busiest waterway
for inland navigation in Europe (Middelkoop et al., 2004). It is densely populated, with
approximately 50 million inhabitants and includes highly industrialized areas. The
largest parts of the basin are located in Germany and the Netherlands. Both countries
have high safety standards and the Netherlands even has one of the highest safety
levels for water management in the world. The dikes in the most populated areas are
built to withstand a flood with a return period of 10,000 years. Studies show that
climate change could have an impact on the Rhine discharge regime, and thereby on
flood risk (Hooijer, Klijn, Pedroli, & Van Os, 2004; Middelkoop et al., 2001; Te Linde,
Aerts, Bakker, & Kwadijk, 2010; Te Linde, Bubeck, Dekkers, De Moel, & Aerts, 2011).
The return periods of a flood of 10,000 years could be largely reduced and given the
high density of population and high value of capital in this area, the impact of a major
flood could be devastating.

The question is what we know about changes in future flood risk. To assess changes in
flood risk, often a chain of models is used. First, climate models make projections for
changes in the future. The models are driven by socio-economic as well as greenhouse
gas emission scenarios and produce global projections for changes in variables like
temperature and precipitation. The global projections are downscaled to smaller
scales because people experience the impact of climate change on a local scale. To
assess and quantify changes in future flood risk the local projections of changes in
temperature and precipitation are used as input to an (hydrological) impact model.
Depending on the severity and timing of the projected changes in flood risk, a decision
maker will decide whether and when it is necessary to implement measures and if
they need to be drastic or not.

The story above describes a straight forward process to deal with climate change. It
belongs to the rationalist-instrumental model of communication in which scientific
research helps to discover an environmental problem, identifies options for the
problem’s potential solution and scientists inform politicians of these findings
(Weingart, Engels, & Pansegrau, 2000). This linear conceptualisation of the relation
between science and policy (Huitema & Turnhout, 2009) fits well with our current
society which has a strong emphasis on science- and evidence based policy making
(Sanderson, 2002). Science- and evidence based policy making, however, has
encountered some problems in the field of climate change. One of the main problems
is that the projections of climate change are subject to large uncertainties. This makes
it impossible for scientists to convey a clear message about the direction and extent
of climate change. For example, the severity and timing of climate change impacts
are uncertain and even the climate change impact itself is sometimes uncertain.
Furthermore, climate science is very complex, which makes it difficult for a scientist
to explain the origin and value of uncertainties. Part of the projected climate changes
are, for example, embedded in natural climate variability. Therefore, the detection
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of the human contribution of climate change is not always clear (Hegerl & Zwiers,
2011). If decision makers intend to develop adaptation strategies that aim to manage
the impacts of human induced change, it is important that they are able to make the
distinction between natural climate variability and human induced change (Dupuis &
Biesbroek, 2013). However, the combination of complexity and uncertainty of climate
science makes it complicated for the decision maker to utilize the climate projections
into robust adaptation strategies.

Finding ways to address the complexity of climate change uncertainties and creating
frameworks that allow the uncertainties to aid instead of hinder decision making
is currently one of the main scientific challenges in the climate change research
community. Therefore, the principal aim of this thesis is to analyse the climate change
uncertainties thatare important to take into account for long term water management
and to explore the communication of these uncertainties. This thesis addresses this
aim using the Rhine basin as a case study area.

1.2  Characterizing and quantifying uncertainties

Advances in science and observations of climate change increase our understanding
of the variability of the earth system and the responses to human and natural
influences. The impact of climate change to the environment does not solely depend
on the response of the earth system to changes in radiative forcings, but also on the
response of society, such as changes in economy and technology, and the development
of mitigation and adaptation policies (Moss et al., 2010). Projections of climate change
are characterized by large uncertainties, which accumulate through the modelling
chain, from socio-economic scenarios to local impacts, as shown in Figure 1.1.

Following Dessai and Hulme (2004) the ‘nature’ of uncertainty can be defined by
three types:

1. Epistemic uncertainty
2. Stochastic uncertainty
3. Human reflexive uncertainty

Epistemic or systematic uncertainty originates from incomplete knowledge of the
natural and social processes determining climate change, which can also be classified
as system uncertainty. This type of uncertainty includes unknown values for the
climate sensitivity, unknown rates of carbon uptake and parameter and structural
uncertainty. An estimation of epistemic uncertainty can be made by assessing the
outputs of different climate models. Stochastic uncertainty concerns the nonlinear
behaviour of the climate system, randomness and initial conditions uncertainty. By
using an initial conditions climate model ensemble, which is made by creating small
variations in the start-up conditions of a climate model, an estimation can be obtained
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for the stochastic uncertainty. Stochastic uncertainty can also be viewed as natural
climate variability. The third type of uncertainty is introduced by the social system.
Humanscanreflectcritically oninformationregardingtheirbehaviour. Societyislikely
to act when scientists agree that the climate is changing. In addition, observations
of impacts of climate change can trigger human action. It can result, for example, in
policy response through mitigation strategies. The behaviour of society influences
the projections of socio-economic developments. This type of uncertainty is known
as human reflexive uncertainty. An estimation of human reflexive uncertainty can be
obtained by comparing different policy scenarios.

Socio-economic developments

A4 ] V- Tores,
: {: s /i "uf‘jl— Greenhouse gas emissions
> "F Global climate change
j 1 ] T\“\ Epistemic &
stochastic Regional downscaling

Human uncertainty

reflexive Local impacts
uncertainty

Epistemic &
stochastic
uncertainty

Figure 1.1. Cascade of uncertainties in climate change projections, from socio-economic
developments to local impacts.

Figure 1.1 depicts that each step of the modelling chain includes uncertainty. The
uncertainty accumulates with the sequence of steps, which has been described
conceptually by Schneider (1983) as ‘cascading pyramid of uncertainties’, a construct
thathas been developed further by later authors (e.g. Giorgi, 2005; Mearns et al., 2001;
New & Hulme, 2000; Stainforth, Downing, Washington, Lopez, & New, 2007; Wilby &
Dessai, 2010). Each step of the modelling chain is subject to different uncertainties,
which belong to the main classification scheme of Dessai and Hulme (2004). The
climate model steps and associated uncertainties are described below:

Socio- economic and emission scenarios
Scenarios are plausible descriptions of how the future might unfold. Socio-economic
scenarios describe how world population, economies, political structures and lifestyle



INTRODUCTION

may evolve over the 215t century. These socio-economic scenarios are translated into
greenhouse gas emission scenarios. The changes in emission concentrations can
then be used as input for global climate models. The latest IPCC (Intergovernmental
Panel on Climate Change) scenarios (Moss, et al., 2010) are developed in a parallel
process, meaning that the emission scenarios, representative concentration pathways
(RCPs), are used as input to climate models. In addition, a mixture of future impacts,
vulnerabilities, adaptation and mitigation challenges was developed, called shared
socioeconomic pathways (Kriegler et al., 2010). To develop socio-economic and
emission scenarios, many assumptions have to be made. For example, about economic
or population growth and technological developments. This makes projections of
future socio-economic conditions uncertain and they become increasingly uncertain
into the future (Arnell etal., 2004). These uncertainties cannot be adequately depicted
in terms of chances of probabilities (Dessai & Van der Sluis, 2007); the scenarios
rather describe a range of possible future’s.

Climate models

The dynamics of the climate system are determined by a set of highly linked and tightly
interacting physical processes. Climate models are designed to simulate the physical
processes of the earth system. Future projections of the climate can be generated
by these models as they are able to give a physics-based response to increased CO:
concentrations and changes in other forcings. Although climate models have steadily
become more robust over the past decades, they have also become more complex
and the uncertainty for projections of precipitation and discharge is high (Maslin &
Austin, 2012). This is mainly due to uncertain parameterizations and new modules
that are added in each climate model generation, which increase the complexity of
processes and feedbacks (e.g. chemical atmospheric interactions). The unresolved
processes also include feedbacks and processes we are not aware of. Part of this
uncertainty can be described by a multi-model ensemble (Taylor, Stouffer, & Meehl,
2012). A multi-model ensemble consists of different climate models, with each their
own parameterization and physics. The projections differ for each model and thereby
give a measure for the model uncertainty. Next to the model uncertainties described
above, the outputs of the models on short time scales are also sensitive to the value of
the observations used to initialize the model. One model run describes one realization
of a possible climate, just as the climate we have observed until now can be seen as
one realization. If variations are made in initial conditions of a climate model, an
initial condition ensemble can be created, which gives a measure for natural climate
variability. Natural climate variability, or internal climate variability, occurs in the
simulated model system, but is also part of the ‘real’ climate system. Natural climate
variability stems from the inherently unpredictable nature of climate fluctuations. An
example of a natural source of variability is the North Atlantic Oscillation, which can
cause climate extremes such as, the unusual cold and snowy winter in North-Western
Europe of 2009-2010 (Cattiaux et al., 2010).




CHAPTER 1

Regional Downscaling

Global climate models (GCMs) are used to assess climate change. However, their
resolution is rather coarse and less suitable for analysing local impacts. Moreover,
they cannot resolve significant local scale features, such as topography, land use and
clouds. To address this problem, downscaling techniques have been developed. The
techniques can be divided in three main approaches. The first approach is called
dynamical downscaling, where a regional climate model (RCM) is nested within a
GCM. The GCM provides the boundary conditions for the RCM. The second approach
uses statistical methods to establish a relationship between the low resolution output
of the GCM and the local climate. The third approach uses ‘change factors’, also known
as the delta change method, which allows for a rapid impact assessment. For an
extensive overview of the approaches see Fowler et al. (2007).

The RCMs often provide a more realistic presentation of key physical processes than
the GCMs, but they have also model uncertainty. Similar to dynamical downscaling,
statistical downscaling is dependent on GCM boundary forcing. Furthermore, the
statistical methods depend on assumptions, like the stationarity of the predictor-
predictand relationship in time, which causes uncertainty. Also, the statistical
methods are dependent on the accuracy and geographical distribution of the
observations which are used to calibrate the relationships (Maraun et al., 2010). The
delta change method is subject to many of the same uncertainties as the statistical
downscaling approaches. It has no predictor-predictand relationship, but assumes a
stationary temporal structure (Diaz-Nieto & Wilby, 2005).

Impact models

Impact models are used to assess the impact of climate change on biological and
societal systems such as, the food production (Biemans et al.), electricity supply
(Van Vliet et al., 2012), or crop growth (Supit et al., 2012). The primary sources of
uncertainty of impact models stem from measurement errors, variability and model
structure (Morgan & Henrion, 1990). For the analysis of changes in discharge and
flood risk, hydrological models are used. Hydrological modelling represents the
physical process of runoff production through mathematical formulations. Two
main uncertainties of hydrological modelling are derived from measurements and
structural uncertainty of the model (Prudhomme, Jakob, & Svensson, 2003). The
measurement uncertainty is related to the measurements that are used to calibrate
and validate the model. The structural uncertainty stems from the algorithms that
are used to describe the hydrological process and parameter and scaling uncertainty,
which stems from scaling in both space and time.

Depending on the location, time scale and variable of interest, the different sources
of uncertainty are more or less important for changes in river discharge. Although
the results of studies are often difficult to compare due to the differences in research
aim and design, overall it has been shown that the three largest sources of modelling
uncertainty introduced for mid (2050) or long term (2100) water management (river
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basin or catchment level) are in decreasing order (Chen, Brissette, Poulin, & Leconte,
2011; Dobler, Hagemann, Wilby, & Stotter, 2012; Kay, Davies, Bell, & Jones, 2009;
Liebert et al., 2012; Prudhomme & Davies, 2009; Velazquez et al., 2013):

1. Global climate response, which is expressed by GCM uncertainty
2. Regional climate response, due to downscaling techniques
3. Local water response (impact), uncertainty part of the hydrological modelling

1.3  Approaches to dealing with climate change
uncertainties

Different frameworks have been developed to assess the different types of climate
change uncertainties and to make them useful for decision making. Two main
approaches can be identified to assess the uncertainties, namely top-down and
bottom up (Dessai & Hulme, 2004). Top-down approaches, also known as ‘predict-
then-act’ or ‘scenario-led’, start with global projections of future climate change.
The global projections are followed by a linear step-wise procedure in which they
are downscaled to local levels and used in local impact models. Historically, this is
the dominant approach used, for example, in the early guidelines of the IPCC (Carter,
Parry, Harasawa, & Nishioka, 1994) and the approach is still the most common (Pielke
Sr et al,, 2012; Wilby & Dessai, 2010). The top-down approach aims for the optimum
strategy based on the best available knowledge. A substantial criticism is that it
relies heavily on the foundations of the climate models and on their ability to make
reliable projections for the future. Bottom-up approaches start with the assessment
of the current system of interest, sensitivity to current weather and climate is
analysed and then traced backwards along the risk pathway. The approach focuses
also on the existing capacity of the social system to deal with climate hazards, by
e.g. semi-structured interviews, participant observation, focus groups and published
and un-published literature (Johnson & Weaver, 2009). The weakness of the bottom-
up approach is that it is less capable of dealing with changes outside the range of
experience. In addition, the complexity of the approach can be a weakness, making it
time and resource intensive. An example of a bottom-up approach is to add a safety
margin on top of the design flood level, to account for uncertainties or events that
are not foreseen or have occurred yet (see for further details Dessai and van der
Sluis (2007)). It is also possible to combine the top-down and bottom-up approaches.
In combined approaches the output of a top-down approach is used to assess the
vulnerability of a system to future changes. An example of this is the robust decision
making approach (Lempert, Groves, Popper, & Bankes, 2006) or the adaptation tipping
point approach (Kwadijk et al., 2010) .

The representation of uncertainties within either the top-down or bottom-up
approach is currently topic of an international scientific debate. One main motivation
for quantifying uncertainty of climate change impacts is its use in risk assessments.
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Risk assessments can guide a policy maker in the reduction of risk, which is defined
as the likelihood of an event times its consequence. A risk assessment can be based
on two types of projections. The first type is deterministic with specific estimates of
what will happen. The second type is probabilistic and gives a probabilistic range of
what could happen. Some scientists argue against the probabilistic way of presenting
uncertainties because there are important limitations to our ability to project
future climate conditions for adaptation decision-making (Hall, 2007). Uncertainties
can only be quantified to a certain extent, depending on the time scale of interest.
Epistemic uncertainty can generally be quantified within certain limits, e.g. ‘unknown
unknowns’ cannot be quantified, stochastic uncertainty can only partly be quantified
and human reflexive uncertainty is largely unquantifiable. Some authors argue that
climate projections should notbe the central tool to guide adaptation to climate change
(Dessai, Hulme, Lempert, & Pielke Jr, 2009), whereas others state that it is essential
that GCM projections are accompanied by quantitative estimates of the associated
uncertainty (Giorgi, 2005; Murphy et al., 2004).

1.4 Communicating climate change uncertainty to decision
makers

Projections of climate change are instruments used by decision makers for the
development of climate change adaptations. The climate projections are used to
assess the vulnerability of the natural and social system to future changes. To support
decision making, these projections would ideally characterize clear future pathways
with defined bounds of uncertainty. As described in paragraph 1.2, the projections of
future climate change are limited by complex and large uncertainties, which cannotall
be quantified. Although, it is not the primary role of the decision maker to understand
the full complexity of climate change uncertainties, it is important that the decision
maker understands the main uncertainties and how to use this knowledge for the
development of robust adaptation measures. This proves to be a great communication
challenge: climate scientists need to be transparent by delivering science that is
perceived to be credible, salient and legitimate (Cash et al., 2003), whereas decision
makers ask for understandable and usable science that can support decision making
(Tang & Dessai, 2012; Tribbia & Moser, 2008).

To find ways to present uncertainties, it is important that scientists have a good
overview of the demands of the decision makers. By the same token decision makers
need to know what can be realistically expected of science. This match between
science and policy is rather complex. Scientists expect that their knowledge can help
inform decisions; however, many decisions continue to be made without scientific
input (Sarewitz & Pielke, 2007). There are several reasons why scientific knowledge
is not always used in decision making. On the one hand scientists frequently assume
that their information and knowledge is reliable and useful without checking this
assumption against reality (Jacobs, Garfin, & Morehouse, 2005; Morss, Wilhelmi,
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Downton, & Gruntfest, 2005; Moser & Luers, 2008; Sarewitz & Pielke, 2007). On the
other hand the expectations of decision makers are not always realistic. Decision
makers ask for certainty or a best estimate about the information that is given (Tang
& Dessai, 2012; Tribbia & Moser, 2008). However, given the complexity of the climate
system and the ecological and human systems with which it interacts, it is impossible
to project future system states precisely (Lempert, 2002). Furthermore, it is not likely
that the large uncertainties will be reduced in the near future (Dessai, et al., 2009;
Maslin & Austin, 2012).

Tomakethescientificknowledge on climate change uncertaintiesmoreunderstandable
and useful for decision making, there could be an important role for intermediaries,
or boundary objects (Clark et al., 2011). The intermediaries create a space between
science and policy to facilitate interaction, see Figure 1.2. The space created by
the intermediary can be bridged and bring science and policy closer together, or it
provides a neutral platform when science and policy are too closely linked, as some
argue is the case for climate change (Weingart, et al., 2000). Intermediaries can exist
in many different forms, well known examples are map tables and participatory
scenarios (Ren, Ng, & Katzschner, 2011; Vervoort, Kok, van Lammeren, & Veldkamp,
2010).

a)

b) Intermediary

Figure 1.2. Different science and policy interaction modes. a) Science provides knowledge
on uncertainties, which is inherently complex, and policy asks for understandable and usable
knowledge. What science delivers in this mode does not connect to the demands of policy. b)
Shows the role of an intermediary to improve the interaction between science and policy.
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Model-based decision support tools are a specific type of intermediary that have
become increasingly popular for linking environmental science to policy (White et
al., 2010). Within the model-based decision support tools, simulation games have
received increasing attention over the last four decades (Crookall, 2010). Simulation
games represent dynamic models of real situations. Such simulation games can be
used to transpose complex scientific information into understandable and tailored
information that, through an interactive game, is tacitly connected to the target group
(Haug, Huitema, & Wenzler, 2011). In simulation games, the scope of communication
is broadened by linking them to technical and material processes that mirror natural
and social systems (Kriz, 2003). Despite the increasing attention to simulation games,
no studies have used simulation games in communicating about climate change
uncertainties.

1.5 Research questions

Climate change concerns both natural and social science. Therefore, developing
and implementing adaptation strategies to manage climate change risks requires
collaboration between scientists and decision makers. Scientists provide projections
of future climate change that are necessary for decision makers to make informed
decisions about climate change adaptation. These projections of climate change are,
however, characterized by large uncertainties. Part of this uncertainty is due to the
embedding ofhumaninduced change in the natural climate variability. Communicating
to decision makers about these complex uncertainties in an understandable way poses
a great challenge. The principal aim of this thesis is to analyse the climate change
uncertainties thatare important to take into account for long term water management
and to explore the communication of these uncertainties. Natural and social-scientific
theories and methods will be used in the design of this study.

Based on the consideration above, three research questions have been formulated
namely:

1. Which type of uncertainty is dominant for explaining long term changes in
average and extreme precipitation and discharge in the Rhine basin?

The motivation for this research question is that for studying the role of climate
change uncertainties it is first important to know more about the origin of these
uncertainties. Knowledge about all the climate change uncertainties might
byeinteresting from a scientific perspective, but is not very relevant for a decision
maker. From this perspective it is meaningful to focus on the dominant uncertainties
for flood risk management in the Rhine basin. In this study we focused on long term
changes, which are defined as changes between the current and future climate at the
end of the 215t century. We studied both changes in basin-average precipitation and
discharge as well as extreme precipitation and discharge. Extreme precipitation and

10
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discharge are defined by the 90% quantile, the mean amount of precipitation above
the 90% quantile (E90) and by the values corresponding to high return periods up to
1,000 years.

2. What is the impact of climate change uncertainties for the assessment of
flood risk and the associated damage in the Rhine basin?

Different methods exist to characterize uncertainties for the assessment of flood
risk. In this thesis multi-model ensembles and different downscaling methods will be
used to analyse the range of uncertainties for changes in flood risk. Changes in flood
risk also have an impact on the expectations for the associated damage. Uncertainty
analysis of flood damage will be done through a probabilistic framework for two case
studies in the Rhine basin.

3. What is the role of simulation games in the communication of climate change
uncertainties between scientists and water managers?

When the main climate change uncertainties for water managementin the Rhine basin
are analysed, the next step is to communicate this knowledge to water managers in
a way that is understandable and facilitates the applicability of the information. The
interaction between scientists and decision makers plays an important role in this
communication. Simulations games can facilitate this interaction. The use of the game
‘Sustainable Delta’ for the communication about different types of uncertainty that
are important for changes in flood risk will be assessed.

1.6 The Rhine basin

The Rhine basin is used as a case study area to examine methods to analyse and
communicate climate change uncertainties. The river originates in the Swiss Alps,
runs through Germany and flows into the North Sea at the Dutch coast. The Rhine basin
is densely populated, with approximately 50 million inhabitants and includes highly
industrialized areas. In the past 100 years there have been some major floods, with
the most recent floods in 1993 and 1995 resulting in 1.4 and 2.7 billion euro damage
(Engel, 1997; Te Linde, et al., 2011). In the flood prone areas, an estimated total of
1,500 billion euro of property is at risk. Continued implementation and improvement
of flood and drought prevention measures, is even without climate change, a social
and economic must.

In North-west Europe, were the Rhine basin is located, models and observations show
atrend toward wetter winter conditions, both from mean precipitation as high rainfall
events (Klein Tank et al., 2002; Klok & Klein Tank, 2009; Van den Besselaar, Klein Tank,
& Buishand, 2012; Van der Linden & Mitchell, 2009). Especially, the increase in high
rainfall events influences the probability of floods. An increase up to 30 % average

11
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discharge is projected for the Rhine river (Gérgen et al., 2010; Hurkmans et al., 2010;
Lenderink, van Ulden, van den Hurk, & Keller, 2007; Te Linde, et al., 2010). Also, Te
Linde et al (2010, 2011) estimated an increase of the occurrence of an extreme 1250
year flood event in the Lower Rhine delta by a factor of three in 2050. As the economic
and societal impact will increase in the future due to a growing number of people
living in the flood prone areas, it is important to consider these changes for future
flood management.

1.7  Thesis outline
Theresearch questions areaddressed in five (three published) scientific papers, which

are presented in chapter two to six. The research framework of this PhD research is
presented in Figure 1.3.

Setting the scene Analysis of main uncertainties Communication
- Chapter 3- = Cliegiiar &=
The use of model
Assessment of the range .
X ensemblesin a - Chapter 6-
of model uncertainty for
- Chapter 2- ) framework for The role of a
. change in mean and L . . .
Challenges of climate . probabilistic flood simulation game in
. extreme precipitation " L
change for flood risk estimates the communication
management of climate (change)
uncertainties
- Chapter 4-
Assessment of the contribution of natural climate
variability to the range of model uncertainty

Figure 1.3. Research framework of this thesis.

Chapter 2 highlights the main challenges in the Rhine basin for flood risk management.
The findings in this chapter were based on a literature review and expert interviews.
In chapter 3, a variety of regional climate models was extended with several global
climate models which allowed for a better assessment of the range of uncertainty. The
advanced delta change approach, which allows for a quick processing of global climate
model output, was developed further in chapter 3. In addition, the sensitivities of the
advanced delta approach were explored. Chapter 4 elaborated upon the results of
chapter 3 and compared the results of the ensemble of global climate models with
the initial conditions ensemble of the ECHAMS5 model (ESSENCE). The contribution
of natural climate variability to the total model spread was assessed by means of
analysis of variance (ANOVA). To derive results for long return periods, 3,000 year
resampled time series were processed with the delta change approach. The resulting
temperature and precipitation series were used as input for the HBV (Hydrologiska

12
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Byrans Vattenbalansavdelning) model, which provided discharge time series. These
series were analysed for long return periods. Chapter 5 was developed parallel to the
study of chapter 3. The output of the climate models that were developed for chapter
3 were used as input for the study of chapter 5. A new methodology was presented in
this chapter, in which a framework for probabilistic flood risk estimates was tested
for two case study areas in the Rhine basin, thereby assessing the impacts of changes
in flood risk. In chapter 6, the simulation game ‘Sustainable Delta’ was used as a
boundary object in a series of workshops with water managers and students. The
role of this simulation game for the communication of climate change uncertainties
was assessed. Chapter 7 answers the research questions and reflects on the work of
this thesis. Also recommendations for water management and a future outlook are
presented here.

13
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Climate change risk management in
transnational river basins: the Rhine
basin

This chapter has been published as:
Van Pelt, S.C. & Swart, R.J. (2011). Climate change risk management in transnational river

basins: The Rhine. Water Resources Management, 25 (14): 3837-3861. doi:101.1007/
s11269-011-9891-1
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bstract

Climate change is likely to have an impact on the discharge of the European river
Rhine. To base adaptation strategies, to deal with these changing river discharges,
on the best scientific and technical knowledge, it is important to understand
potential climate impacts, as well as the capacity of social and natural systems to
adapt. Both are characterized by large uncertainties, at different scales, that range
from individual to local to regional to international. This review paper addresses
three challenges. Dealing with climate change uncertainties for the development
of adaptation strategies is the first challenge. We find that communication of
uncertainties in support of river basin adaptation planning generally only covers a
small part of the spectrum of prevailing uncertainties, e.g. by using only one model
or scenario and one approach to deal with the uncertainties. The second challenge
identified in this paper is to overcome the current mismatch of supply of scientific
knowledge by scientists and the demand by policy makers. Early experiences with
‘assess-risk-of-policy’ approaches, starting from the resilience of development plans,
suggests that this approach better responds to policy makers’ needs. The third
challenge is to adequately capture the transnational character of the Rhine river
basin in research and policy. Development and implementation of adaptation options
derived from integrated analysis at the full river basin level, rather than within the
boundaries of the riparian countries, can offer new opportunities, but will also meet
many practical challenges.
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2.1 Introduction

2.1.1 The problem: too much water, or too little

Climate change is one of the major challenges society will face during this century.
Temperatures are projected to increase up to 6.4 °C by 2100, which is expected to
result in major changes in the atmosphere’s energy balance and the hydrological
cycle (Pachauri & Reisinger, 2008). Especially extreme events that result from these
changes will impact human society, for example through heat waves, droughts and
floods (Beniston et al., 2007). A recent example of the effect of climate extremes on
water resources was in the summer of 2003, when a heat wave afflicted Europe. The
result of this heat wave, with summer (June, July, August) temperatures exceeding
the 1961-1990 mean by 3°C (Schéar et al.,, 2004), was not only a large number of
casualties and other heat-related impacts, but also water resources were seriously
affected. Large losses in crop yield and extremely low river discharges were reported
in large parts of Europe. In Cologne, the river Rhine showed the lowest discharge
since 1930 (Fink et al,, 2004). The water level in the Rhine in the Netherlands and
Germany reached critically low levels for power plants. A year earlier, in 2002, the
opposite was happening when a large region, stretching from Germany and Austria to
Romania and Russia, experienced severe floods. Although these events cannot directly
or conclusively be attributed to climate change (Jacob & Van den Hurk, 2009), the
IPCC’s Fourth Assessment Report (Solomon et al., 2007) concluded that in the future
anthropogenic climate change ‘likely’ to ‘very likely’ leads to increases in intensity
and frequency of temperature and precipitation extremes. These phenomena are not
constrained by watersheds or national boundaries, they can afflict large areas and
many countries simultaneously and during these events conflicts between competing
resource requirements, like drinking water, water for irrigation or cooling water
for power plants, can be most intense. As a consequence, the urgency of a better
understanding of risks of extreme hydrological events is increasing, both from a
scientific and political perspective (Lehner, D6ll, Alcamo, Henrichs, & Kaspar, 2006).
In this review paper, we focus on three challenges of climate change adaptation for
transnational river basin management using the Rhine river basin as a case study
area: dealing with climate change uncertainties, addressing science-policy interaction
problems, and capturing the transnational character of adaptation in transnational
river basins.

2.1.2 Climate change adaptation in international river basins under
uncertainty

The development of adaptation strategies has started just recently in river basins such
as the Rhine, after the emergence of climate change and associated impacts as areason
for concern. This paper reviews the current situation and identifies key questions that
shouldbeaddressed to facilitate the developmentofadaptation strategies. Formulating
adaptation strategies poses a great challenge for both the scientific community and
policymakers, particularly because of the incomplete understanding of natural and
societal systems and the many associated uncertainties (Dessai & Van der Sluis, 2007;
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Prudhomme & Davies, 2009). Dealing with uncertainties is not new to policy makersin
the Rhine basin, because they have been dealing with water related uncertainties for
decades. Floods and droughts are extreme events and it is hard to predict when they
are going to happen and what the consequences will be. Policy makers and scientists
have tried to estimate the probability of especially flooding on the basis of historical
data and use these data to set the standards for safety levels. Adaptation strategies
for river basins are necessarily not only based on historical data, as the magnitude
and ubiquity of the projected hydroclimatic climate change requires going beyond
stationarity as a central default assumption in water-resource risk management
and planning (Milly et al.,, 2008). Adaptation strategies should therefore also be
based on scenario analyses using climate impact models. These impact models, for
example hydrological models, use temperature or precipitation simulations of global
or regional climate models as input. In climate simulations used for the development
of adaptation strategies, uncertainties at various levels of the assessment accumulate.
The uncertainties are associated with future greenhouse emissions, the response of
the climate system and with the spatial and temporal distributions of impacts (Dessai
& Van der Sluis, 2007).

Policy makers and scientists need to deal with uncertainties in such a way that robust
‘low-regret’ or ‘win-win’ strategies can be formulated. When a strategy is robust, it
performs relatively well, compared to alternatives, across a wide range of plausible
futures (Lempert, et al., 2006). In addition, also criteria like e.g. flexibility, costs and
social acceptance are relevant for the selection and design of adaptation actions (Aerts
& Droogers, 2009; Lopez et al., 2009). Formulating robust strategies will only be
possible if knowledge is effectively shared between the scientific climate community
and policymakers at the many relevant governance levels, from local to international.
Insufficient communication between scientists and policymakers and inadequate
policy relevantinformation could lead to delay and inaction or to inefficientadaptation
strategies (Alkhaled, Michalak, & Bulkley, 2007). Effective integration of science and
decision making requires a tight coupling among research, communication and use of
scientific output (Pielke Jr, Sarewitz, & Byerly Jr, 2000).

Risk management of climate change does not only pose a challenge for local policy
makers, it is an issue relevant also at higher levels of governance: regional, national
and in case of the Rhine basin also international. The Rhine flows through several
countries and many governmental authorities with different territorial boundariesare
involved. Climate adaptation strategies are therefore of international importance and
one may expect thatreally effective risk management would benefit from cooperation
between the riparian countries. Sadoff and Grey (2002) show in their paper also other
benefits from cooperation between riparian countries, ranging from benefits to and
from the river, like management of ecosystems and increased food production, to
reduction of costs and eventually cooperation beyond river basin management issues
alone. This paper will focus on the opportunities regarding climate risk management
in the Rhine basin that could be provided by international cooperation, but it is
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important to be aware of other benefits.

2.1.3 Objectives of this review

In a transnational river basin, effective risk management requires a good match
between information needs of policymakers and knowledge availability from the
scientific community, robust management of uncertainties and transboundary
cooperation. The objective of this paper is to take stock of current policy and science
developments in the Rhine river basin and to address the following three questions:

¢ How are climate change uncertainties dealt with?

¢ How does a (mis) match between information needs and knowledge availability
across different geographical and administrative scales stimulate or constrain
effective adaptation policy development?

e What is the effect of (lack of) transboundary cooperation on climate change
adaptation management?

Addressing these questions, priority research gaps to improve robust adaptation
policy development in transnational river basins can be identified. This paper is based
on a yet rather limited knowledge base. By structuring the problem of transnational
climate change adaptation in a multilevel context we can give preliminary answers to
these questions thatmay guide future research and policy development. We have based
our findings on the review of available papers and documents and various informal
contacts with particularly Dutch policy advisors and policy makers. The following
sections will elaborate on the above questions, illustrated for the Rhine basin case
study. Section 2.2 summarizes the framework and approach used for structuring this
paper. Section 2.3 summarizes the scientific climate change knowledge base, focusing
on spatial and temporal scales of climate models and introducing the uncertainties
that are involved with climate change modelling. Section 2.4 addresses the (mis)
match between information needs and knowledge availability. Section 2.5 examines
the challenges that arise from transboundary cooperation in the Rhine basin.
Section 2.6 discusses a Dutch case study and the final section presents preliminary
responses to the above questions and identifies research gaps.

2.2  Approach

2.2.1 A framework for analysis

Figure 2.1 isused as an organizing structure for our paper. It shows interactions of the
governance processes at different levels and the natural science processes at different
spatial scales. The left hand side of Figure 2.1 represents the multi-level governance
processes which, together with the scientific knowledge, result in the formation of
adaptation strategies and measures. Multi-level governance in this context means that
policy is determined by processes on several different territorial and administrative
scales, varying from local, regional, national to European or even global (Marks &
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Hooghe, 2004; Pierre, 2000). The focus of this paper is on the national and European
level, but some of the conclusions can also be valid for thelocal and regional governance
levels. The right hand side of Figure 2.1 represents natural science, where scientists
simulate the impacts of climate change, usually with computer models. Socio-economic
scenarios, such as those developed by the IPCC, are used to create emission scenarios,
which serve as input for global climate models (GCMs). GCM outputs are downscaled,
e.g. using regional climate models (RCMs) or statistical downscaling methods. In most
cases, bias correction is required to improve the results. Impact models are then used
to simulate the local impacts of climate change on social- and biophysical systems, for
example hydrological models that simulate discharge for river basins.

Adaptation strategies are partly based on the results of these models. When, for
example, the result of the modelling on the right hand side of Figure 2.1 indicates
that it is likely that river discharges will increase, water managers can increase the
height of dikes, which is in this case an adaptation strategy. Another example is if
water levels are projected to decrease, and measures are required to adapt inland
shipping practices. However, adaptation choices will not only depend on the modelling
result, but also on other factors, like costs, impacts on environment, public response
and acceptance, technical feasibility and demographic and water use changes (Lopez,
etal., 2009). These factors will be part of the negotiations in the governance process.
Water managers need information about the duration, magnitude, frequency and
timing of future drought and flood relative to past and recent events, but also about
how adaptable the natural and human systems are to these changes (Lopez, et al,,
2009; Palmer et al., 2009). The development of adaptation strategies in the Rhine
basin that are robust across a range of possible future changes can be achieved by a
good match between the supply and demand of scientific knowledge.

Robust Adaptation Strategies

Governance % Natural Science

Epistemic and

Global ) , GCMs
stochastic uncertainty
< ‘ Scientific
\li\owledge
— Human reflexive N
Socio- uncertainty
economic |
scenarios Local
Local impacts

Figure 2.1. Interactions of science and governance at different scales fo knowledge of robust
adaptation strategies
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This process is displayed in the centre of Figure 2.1. Supply and demand for
information emerge from complex networks of individuals and institutions with
diverse incentives, capabilities, roles and culture. In this paper we conceptualize
science, in this case results of climate and impact models, as ‘supplier’ of knowledge
and information. The policymakers who seek to apply knowledge and information to
achieve specific goals, have a ‘demand’. For this paper, we focus on the development of
climate adaptation strategies as a policy goal.

2.2.2 Types of uncertainties

Three types of uncertainties can be distinguished that determine the uncertainty
range of future climate and impact projections: (a) incomplete knowledge (epistemic
uncertainty), (b) unknowable factors (stochastic uncertainty, e.g. intrinsic variability
in the climate system) and (c) human reflexivity (Dessai & Hulme, 2004). Epistemic
and stochastic uncertainty are part of the scientific climate model output. The third
type of uncertainty, human reflexivity, is introduced by the social system. Humans
can reflect critically on information and change their behaviour. Society is likely to
act upon scientists’ projections that climate will change (Dessai & Hulme, 2004).
The behaviour of society influences the climate and impact projections because the
social-economic and associated emission scenarios change as a function of the policy
responses: when scientists project that the climate will change due to anthropogenic
greenhouse gas emissions it is likely that mitigation measures will be taken. These
measures influence the climate scenarios that have been developed and in that sense
influence the range of climate change impacts that are projected. Policy makers at
different levels are confronted with the scientific output of climate models. At higher
administrative levels this knowledge is mostly used to support the formulation of
rather broad adaptation strategies, like the Dutch and German National Adaptation
Strategies, while at local levels it provides input into the design of more concrete
adaptation measures. Concrete adaptation measures can be, for example, building
housesthatareresistantto flooding orincreasing the height of dikes, or changing rules
for spatial planning in flood-prone areas. This process requires adequate ‘vertical
interaction’ between different administrative levels in the governance system and
‘horizontal interaction’ with the scientific community at each level.

Whilst Dessai and Hulme’s uncertainty types are formulated from a scientist’s
perspective, for a policy maker, who has to use information about climate change
in order to formulate adaptation measures, climate change can be associated with
conditions of deep uncertainty. By deep uncertainty we mean both scientific and
social factors that are difficult to accurately define and quantify (Kandlikar, Risbey,
& Dessai, 2005). Deep uncertainty is present at all levels of the uncertainty typology
of Dessai and Hulme as in every level uncertainties exist that cannot be quantified
or accurately defined. The most deep uncertainty exists in the human reflexive
uncertainty, as this is not quantifiable other than in a hypothetical scenario context.
Lempert et al. (2004) uses deep uncertainty to refer to conditions that policymakers
do not know, or do not agree on regarding (1) the appropriate model to describe
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interactions among a system'’s variable, (2) the probability distributions to represent
uncertainty about key parameters in the models, or (3) how to value the desirability of
alternative outcomes. When uncertainty is such an important variable, it makes sense
for policymakers and scientists to identify strategies that are robust, i.e. perform well
over a wide range of different futures. Ideally these strategies would also be ‘win-
win’ or no-regret, but in practice, for strategies that mainly address climate change
impacts there can be opportunity costs, trade-offs, or externalities associated with
adaptation actions so it is better to refer to such interventions as ‘low regret’ (Wilby &
Dessai, 2010). In many cases however, climate change is just one of many other factors
that determine strategies or investment decisions, and in those cases win-win or no
regret options may be identified. In our review we first focus on the right hand side of
Figure 2.1, then the left hand side. The danger of examining both sides separately is
thatinteractions within the whole system are missed and the complete picture is lost.
For the sake of simplicity of this review paper we decided to deal with the two sides
subsequently and in the final section to focus on the whole integrated system.

2.2.3 Dealing with uncertainties: ‘predict-then-act’ approach versus
‘assess-risk-of-policy’ approach

As climate change is a very complex problem, policy makers turn to scientists for
specific advice. Because of the large uncertainty of climate change projections, there
is an increasing consensus that it is important to communicate and deal with this
uncertainty. There is less consensus, however, on the best practices for doing this
(Patt, 2009). Different academic disciplines offer diverging advice on this subject. For
this review, we distinguish between two fundamentally different approaches (Dessai
& Hulme, 2004).

The first approach is the ‘predict-then-act’ approach sometimes also referred to as
the top-down approach, which is shown in the left hand side of Figure 2.2. It focuses
on downscaled global climate change scenarios and it is strong in dealing with
statistical uncertainty (Dessai & Van der Sluis, 2007). For this approach one or more
climate scenarios are used as starting point for an impact assessment. The goal is
then to derive an optimum adaptation strategy, based on the results of the impact
assessment, seeking to find a solution that performs best contingent to a particular
view (Lempert & Collins, 2007). In Figure 2.2 the ‘predict-then-act’ approach has a
focus on climate change scenarios and climate model outcomes from the right hand
side. Future developments are projected as accurately as possible and research
supporting this approach aims at decreasing uncertainties. The approach is widely
used and accepted. The IPCC and most national and region adaptation assessments in
Europe, for example, take this approach, starting with impactassessments on the basis
of downscaled climate modelling results (Wilby et al., 2009). The second approach
called the ‘assess-risk-of-policy’ approach or sometimes the bottom-up approach, is
shown in the right hand side of Figure 2.2. It does not take climate projections as the
starting point, but the vulnerability of the system itself, its development ambitions
and its resilience. Resilience can be defined as the ability of the system to absorb
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disturbances (Aerts & Droogers, 2009). This approach takes into account a broader
set of issues from the start, and is stronger in coping with ignorance and surprises.
It seeks adaptation strategies that can make the system less vulnerable to uncertain
climate change impacts and unpredictable variations in the climate system (Dessai
& Van der Sluis, 2007). In Figure 2.2 this approach starts at the top by assessing
the vulnerability of the system and the available adaptation strategies that increase
the resilience of the system. The ‘assess-risk-of-policy’ approach allows best for the
evaluation of the robustness of possible strategies. An adaptation strategy is robust
when it works good across a wide range of future scenarios (Lempert & Collins, 2007).
This paper reviews the use of both approaches in the Netherlands in Section 2.6.

Predict-then-act approach Assess-risk-of-policy framework

1. Structure problem — 1. Structure problem

| !

2. Propose one or more
strategies

! !

3. Assess each strategy over a
wide range of plausible futures

! |

> 2. Characterize uncertainty —

» 3. Rank decision options ——

4. Conduct sensitivity 4. Summarize key tradeoffs
analysis among promising strategies
Suggest optimum alternative Suggest robust alternative

Figure 2.2. Two approaches for dealing with uncertainty adopted from Dessai et al. (2009)

2.3 Knowledge availability and uncertainties in the Rhine basin

2.3.1 Case study area: Rhine river basin

The river Rhine (Figure 2.3) originates in the Swiss Alps as a mountain river, fed by
glacier water, snowmelt and rainfall. From Switzerland it flows through Germany,
France and the Netherlands into the North Sea. Currently, the total catchment area of
about 185,000 km? and the length of 1238.8 km, makes the Rhine the longest river in
Western Europe. In the course of time, along the Upper Rhine the discharge section
has been reduced from a width of about 12 km to some 200-250 m. The course of the
Rhine have been shortened by 82 km, the construction of 8 dams for hydropower and
two storage dams has reduced the surface of the flood plains of the Upper Rhine area
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by 130 km?, which was 60% of the total retention area between Basel and Iffezheim.
Today the Rhine disposes of less than 15% of the original flood plain (ICPR, 2009b).
The Rhine basin includes densely populated and highly industrialized areas with
approximately 50 million inhabitants.

P e, | e T RN A

]
v

Scale 1: 6 500 000

Figure 2.3. Rhine basin (Ecology and Society, 2011)

Theriverisofgreateconomicand environmentalimportance for theriparian countries.
Its water is used for many sectors, such as hydropower generation, agriculture and
industry and domestic water use. About 20 million people depend on Rhine water as
a source of drinking water (Aerts & Droogers, 2004) and it is the busiest waterway
for inland navigation in Europe (Middelkoop, et al., 2001). In the flood prone areas,
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an estimated total of about 1,500 billion Euro of property is at risk (Klein, Douben,
Van Deursen, & De Ruyter Van Steveninck, 2004). Continued implementation and
improvement of flood and drought prevention measures is an economic and social
must.

2.3.2 Temperature and precipitation projections for the Rhine basin

The changes in the weather system above Europe, which serve as input for hydrological
models, have been analysed in different studies. An overview by Beniston et al. (2007)
presented changes in extreme events thatare mostlikely to affect Europe in the coming
decades. The results showed that the intensity of extreme temperatures increases
more rapidly than the intensity of more moderate temperatures due to increases in
temperature variability. The simulations showed that heavy winter precipitation is
projected to increase in central and northern Europe and decrease in the south. In
a high resolution simulation (10 km) over the Rhine basin, the regional pattern of
temperature change displays a stronger warming in the south and south-east of the
domain covering Germany, the Alps and Switzerland for the time period 2071-2100
compared to 1961-1990. This is associated with a decrease in precipitation in summer.
An increase in winter precipitation in south and south-west regions was simulated.
Less precipitation will fall in the occurrence of snow (Jacob & Van den Hurk, 2009).
The 2006 scenarios of the Royal Netherlands Meteorological Institute (KNMI) (Van
den Hurk et al., 2006) project a summer decrease of the wet day frequency of up
to 10-20% and an increase of wet day precipitation in the winter of 4-9% for the
Netherlands. These regional changes were obtained by scaling three GCM projections
with ten RCM outputs. The results above have been confirmed by a recent study of
the International Commission for Protection of the Rhine (ICPR) which assessed the
state of knowledge on climate change. Because of the high uncertainty in projected
precipitation, the uncertainty in the impact indicators that are linked to precipitation
and water supply is high (Jol, Raes, & Menne, 2009).

2.3.3 Runoff projections for the Rhine basin

The potential impact of climate change on the hydrological regimes of the river Rhine
has been assessed quantitatively in several studies. To estimate the impact of climate
change on river discharge, different scenarios of future meteorological conditions
are used as input of a hydrological model. As a scale mismatch exists between the
coarse resolution of a GCM and the regional catchment scale, the GCM results have
to be downscaled. This is usually done with statistical or dynamical downscaling
techniques (Lenderink, Buishand, & Van Deursen, 2007). Both methods can generate
different results adding uncertainty (Jacob & Van den Hurk, 2009; Lenderink, van
Ulden, etal.,2007), For the Rhine basin different IPCC emission scenarios (Nakicenovic
etal., 2000), driving GCMs and hydrological models are used. The hydrological model
used most is RhineFlow (Van Deursen & Kwadijk, 1993). Table 2.1 shows that studies
published on this subject show different results ranging from an average increase in
discharge of 13% or even up to 30% at the end of this century. Drought projections
show similar variation ranging from an average decrease in discharge of 5% to 40% in
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2100. The simulated resultsin these publications do have alarge uncertainty range and
for each study only a limited number of driving models has been used, but the results
appear to agree at least in sign and order of magnitude. A detailed and meaningful
comparison between the outcomes of the studies is not possible, because not only the
underlying assumptions and input data are different, but also the reported output
differs in terms of the choice and definition of indicators and time scales.

The overview above and Table 2.1 show that studies, simulating discharge for the
river Rhine mostly use one or two IPCC scenarios, initially mainly the older 1S92a,
later the IPCC SRES A2 or A1B scenario. The 1S92a and A1B scenario can be regarded
as ‘middle’ scenarios, while A2 represents one of the highest emission scenarios
(Nakicenovic, et al.,, 2000), suggesting an intentional move from ‘best guess’ to
‘worst case’ scenario selection, around 2005. Because the approach of these studies
is different their results cannot meaningfully be compared, which makes it difficult
to appreciate their relevance for policy purposes. This suggests that harmonization
of definitions, methods and reported results would be highly desirable from both a
scientific and policy perspective.
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2.3.4 Uncertainties related to climate modelling and simulated impacts

The uncertainties that are part of the discharge simulations for the river Rhine,
result from a cascade of individual uncertainties (Giorgi, 2005). The first part of this
cascade consists of selecting an emission scenario, like the SRES A1B or A2 scenarios.
The second part relates to the applied GCM. The choice of the driving GCM generally
provides the largest source of uncertainty in downscaled scenarios (Dessai, 2005;
Fowler, et al., 2007; Leander, Buishand, Van den Hurk, & De Wit, 2008; Menzel, et al.,
2006; Prudhomme & Davies, 2009). This means that the uncertainty range of, for
example, one GCM forced by different emission scenarios is lower than that of one
emission scenario forcing different GCMs. Often only 50% of the changes predicted by
GCMs can be significantly attributed to the signal of the GCM projections (Prudhomme
& Davies, 2009), the other changes can be, for example, attributed to natural variability.
However, most studies on the impacts of climate change on the river Rhine to date
only make use of one driving GCM. This indicates that a lot of uncertainty is unknown,
as using multiple driving GCMs could result in significantly different outcomes
(Knutti, Furrer, Tebaldi, Cermak, & Meehl, 2010). The third source of uncertainty
comes from the choice of downscaling technique, which could be statistical, or
dynamical using RCMs. On time scales of decades, which are interesting from an
adaptation point of view, uncertainties from the choice of downscaling techniques
and of emission scenarios are generally smaller than uncertainty related to the choice
of GCM. Sensitivity analysis using alternative climate models or scenarios are usually
not reported. The reasons for this may be that hydrological modellers have resource
or time constraints, or arguments which would justify the selection of a particular
representative or worst case scenario, but this is not discussed in the papers that we
have examined. Outputs from RCMs cannot be used in impact studies without first
applying a bias correction (Fowler, et al., 2007). The use of bias correction can add
another level of uncertainty to the downscaling part as the used method influences
the resulting discharge (Van Pelt, Kabat, Ter Maat, Van den Hurk, & Weerts, 2009). The
fourth source of uncertainty arises from the use of hydrological models. This part can
be divided in three sources of uncertainty: random or systematic errors in the output
data, uncertainty due to sub-optimal parameter values and errors due to incomplete
or biased model structure (Butts, Payne, Kristensen, & Madsen, 2004). The final and
fifth source of uncertainty is related to the observational data, that is used for bias
correction, but also for validation and calibration of the hydrological model. Often
observations contain measurements errors or the number of observations is too little
to, for example, properly validate the model, which adds more uncertainty. These
uncertainties are all examples of epistemic and stochastic uncertainty.

2.3.5 Uncertainties related to time scale

Uncertainties in climate projections vary with the averaging period over which the
climate is defined and with the lead time of the projection. On the time scale of a few
years to a few decades ahead, regional and seasonal variation of mean temperature
in the climate will be strongly influenced by natural and internal variability. This
means there is less certainty about the cause of change. The human climate signal
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will be even harder to discern at river basin scale (Wilby, et al., 2009). It is important
to know the extent to which the climate events, like precipitation which influences
river discharge, are the product of natural variability, or are the result of potentially
irreversible, forced anthropogenic climate change (Hurrell et al., 2009). The changes
in river discharge can also be related to non-climate factors, such as land-use changes
or river basin management practices. To date, there is little knowledge about how
to separate the natural and anthropogenic climate change signals for short-term
forecasting. On this short time scale, uncertainties in initial conditions dominate the
overall uncertainty of the projection. On longer time scales, anthropogenic emissions
of greenhouse gases and aerosols, relating to scenario uncertainty, are a larger
source of uncertainty than the initial conditions. A third type of uncertainty is the
process and parameter uncertainty, this type increases in the first decade, but then
stays relatively stable. The net effect of all these uncertainties is that the fractional
uncertainty, defined as the prediction error divided by its central estimate, is smallest
on the 30 to 50 year time scale (Cox & Stephenson, 2007).

2.4  The (mis) match between information needs and knowledge
availability

Political systems are caughtin four to five year democratic cycles, while future climatic
impacts are calculated for time scales that are much longer. In Table 2.1 it is shown
that most studies focus on at least the year 2050. Policymakers are more interested
in changes for the next couple of years, or what these changes mean for decisions
they have to make on a short timescale. This is not true for all policymakers, as there
are policymakers who are not chosen every four or five years and law and legislation
are designed for longer term. Despite this, earlier studies showed that climate change
is generally not seen as most important in the short term (Arnell & Delaney, 2006;
Ivey, Smithers, De Loé, & Kreutzwiser, 2004). Other political priorities dominate and
it is easier to make decisions on issues that have a short time span. Furthermore,
the short term socio-economic factors determining adaptive capacity are at least as
important for vulnerability as climatic changes. Temporal mismatches occur when
the short term temporal scale of policy makers and the long term temporal scale of the
climate processes do not align (Cumming, Cumming, & Redman, 2006). Furthermore,
Table 2.1 shows that the spatial resolution of RCMs of the studies has a maximum of
50 km. The spatial uncertainty of grid cells can be decisive for hydrological analysis of
the river basin, making it difficult to make judgments on regional levels (ICPR, 2009a).
This also indicates that this low resolution does not always match the territorial
boundaries of policymakers. The output of the hydrological model is usually a
projected discharge for a specific location, like, for example, Lobith, the place where
the Rhine enters the Netherlands. Local policymakers may need much more specific
information. Temporal and spatial scaling complicate effective knowledge sharing
between climate science and policy. This is further complicated by the fact that adding
more spatial and temporal detail, often also adds more uncertainty (Alkhaled, et al,,
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2007). Therefore, the choice of level and type of detail included in risk assessments
should be driven by both scientific experts and policy makers, but this is often not the
case.

Next to scaling and temporal issues, the representation of uncertainty for guiding
decision-making faces a number of challenges. First, most studies quantify only a
limited number of the types of uncertainties that have been mentioned in the previous
section, often the total uncertainty is not clearly represented. Lack of transparency
regarding the assumptions and uncertainties can lead to misunderstandings in the
science-policy interface on the nature of the knowledge (Van der Sluijs, 2005). Second,
the communication and representation of uncertainties is under a lot of debate. For
example, the UK is the first country to present climate change projections for policy
applications in a probabilistic framework (Jenkins et al., 2009). Some scientists are
against this way of presenting uncertainties, as there are important limitations to
our ability to project future climate conditions for adaptation decision-making
(Hall, 2007): uncertainties can only be quantified to a certain extent. Others find it
is essential that GCM projections are accompanied by quantitative estimates of the
associated probability (Giorgi, 2005; Murphy, et al., 2004; Wigley et al., 2003). Adding
to this debate, Gawith et al. (2009) explain that the experience with UKCP09 has
taught that the provision of probabilistic climate scenarios must be accompanied
by on-going guidance and support. Another lesson from UKCP was that on-going
dialogue between those providing the scenarios and the communities using them is
essential. Both lessons were motivated by the experiences from the UKCPO2 program,
which showed that users frequently chose the Medium-High climate change scenario,
because it had the most detailed information and it was seen by some as presenting a
‘middle road’ or a ‘safe’ choice. It was also less resource intensive than having to apply
four scenarios (Gawith, et al., 2009). This experience and debate demonstrates that
there is still much to be researched in communicating climate uncertainties and that
interaction between scientists and policymakers is fundamental to constructively
meet the challenges associated with climate change projections. Standard
methodologies to include uncertainties in potential changes and assess their impact
on projected estimates have yet to be developed (Prudhomme & Davies, 2009). There
remains a question as to whether it is possible to develop such a generic method that
will fit all situations. Until then, the debate about how to present and how to manage
uncertainties can be confusing and may make it more difficult for policymakers to
formulate adaptation strategies on the basis of available scientific knowledge.

31




CHAPTER 2

2.5 Transboundary cooperation on adaptation management in
the Rhine basin

2.5.1 The European level: European Union policies

As to the management of water in the Rhine basin, policies at all levels are relevant:
EU, transnational, national and local. Up to recently, climate change impacts have not
been a major concern in EU water policy (Leipprand et al., 2007). At the European
level, legislation that is relevant for climate adaptation regarding the water sector are
the Water Framework Directive (WFD) and the Flood Directive. The WFD requires a
river basin management plan to be established for each river basin district. Although
originally not explicitly included in the legislation, this management framework
allows for the inclusion of climate change adaptation issues and must be updated
every six years. In 2009, the Commission issued a Guidance document on how to
integrate climate change into river basin management plans (EU, 2009a). In 2015
the first management cycle of the WFD and the river basin management plans ends.
At that time the programmes can be updated and the latest insights as to climate
change impacts taken into account. The Flood Directive requires Member States to
coordinate their flood risk management practices in shared river basins and to avoid
taking measures that would increase the flood risk in neighbouring countries. The
Directive has been published in 2007 and it requires Member States to carry out a
first assessment by 2011 to identify those river basins and associated coastal areas
that are at risk of flooding. The flood risk management plans should be finished by
2015. As they only contain a limited number of explicit references to climate change
impacts, these existing policy instruments can be used as a starting point but have
to be developed further. While to date little has been done to mainstream adaptation
into the relevant EU policies (Leipprand, et al., 2007), recently the European
Commission released a White Paper in which a framework is set out to reduce the
EU’s vulnerability to the impact of climate change in general (EU, 2009b). It provides
suggestions for a stepwise development of European adaptation policy, including
the mainstreaming of adaptation into sector policies such as those related to water
management. The intention is that phase 1 (2009-2012) will lay the ground work for
preparing a comprehensive EU adaptation strategy to be implemented during phase
2, commencing in 2013.

2.5.2 Theriver basin level: International Commission for Protection of the
Rhine

In the case of the Rhine, a river-basin-wide institution has been established, notably
the International Commission for Protection of the Rhine (ICPR), a platform for the
riparian countries to discuss the sustainable development of the Rhine. The ICPR
was initiated in the 1950s following concerns about pollution of the river and the
implications for drinking water supply. The IPCR has no formal authority to carry
out measures, the decisions taken are not legally binding and implementation is the
responsibility of member states (ICPR, 2009b; Van Ast, 2000). The Flood Action Plan,
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which has been established as part of the Rhine 2020 programme on sustainable
development of the Rhine by the ICPR in 1998, aims to reduce risks of flooding by,
for example, creating retention areas. Such measures would reduce vulnerability to
climate change as well, although in 1998 there was no explicit mentioning of climate
change adaptation yet. On October 18t 2007 the Conference of Rhine Ministers
decided to jointly develop adaptation strategies for water management in the Rhine
watershed, in order to cope with the challenges of climate change. An international
expert group (KLIMA) has worked on an analysis of the state of knowledge on climate
changes so far and on the impact of climate change on the water regime in the Rhine
watershed (ICPR, 2009a), but no concrete adaptation plans have been developed yet.

2.5.3 The national level: German and Dutch adaptation plans

Adaptation strategies at the national level in Germany are mainly related to strategic
action. The implementation of federal laws is usually delegated to the federal states
(Lander) which have the primary right to develop and implement legislation in the
field of water protection (Kastens & Newig, 2008). The German National Adaptation
Strategy (NAS) has been adopted by the Cabinetin 2008. The NAS aspires to integrate
the work thatis already in progress in various ministries (Swartetal., 2009). It creates
a framework for adaptation to climate change, but it will require further specification.
The Federal Government is therefore aiming to present an Adaptation Action Plan
drawn up jointly with the Federal States by the end of March 2011. The NAS confirms
the responsibility of the Lander for water safety, with the federal government playing
a role in providing knowledge and tools. Regarding international cooperation the
German NAS only states that the Federal Government will coordinate the German
position. In the Netherlands the government has formulated a National Adaptation
Strategy in 2007 called ‘Make Space for Climate’. The governmentis currently working
on a National Adaptation Agenda. The strategy documents are starting points for
formulating more substantive climate adaptation policy. The document relates
primarily to spatial measures, although raising awareness and identifying gaps in
knowledge are also part of the strategy (Swart, etal., 2009; VROM, 2007). Attention for
international cooperation is limited to a few sentences that indicate the importance of
cooperation with other countries. How this should be managed is not elaborated. The
Netherlands forms a delta where major European rivers flow into the North Sea, which
makes the country vulnerable to flood risk. Therefore, complementary to the NAS, the
Dutch governmentrequested anindependent Committee of State (the Delta Committee)
to advice on flood protection and flood risk management in the Netherlands for the
next century. The Delta Committee formulated twelve recommendations to secure
the country against flooding on the short and medium term. The recommendations
focus on this century, but the Committee’s report also includes a long-term vision to
2200 (DeltaCommittee, 2008; Kabat et al., 2009). An important recommendation of
this Committee is the advice to increase safety levels by a factor 10. Although in the
EU White Paper transboundary or international cooperation is an important topic, in
the national adaptation strategies of both the Netherlands and Germany, this seems
to have little priority as yet. Contacts between scientists and policy makers in the two
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countries on climate change and the Rhine appear to remain limited to a few research
projects of limited length, such as Rheinblick2050, some working groups of ICPR and
ad-hoc meetings. At the regional level there is some cooperation between the Dutch
province Gelderland and the German Land Nordrhein Westfalen. This could be an
inspiration for other provinces and Lander to start cooperating more.

2.5.4 Institutional and cultural challenges

Adaptation actions take place within hierarchical structures; administrations at
different levels interact with each other. Actions are therefore determined (facilitated
or constrained) by institutional processes such as regulatory structures, property
rights and social norms associated with rules in use (Adger, Arnell, & TompKins,
2005). Transboundary cooperation is restrained by several differences between the
Netherlands and Germany.

In Table 2.2 the differences between Germany and the Netherlands regarding water
policy and risk perception are shown. The table is divided in three different factor
categories as adopted from Dieperink (1997) and Becker et al. (2007). Safety levels,
meaning the recurrence level of a design discharge in years, in the Netherlands are
much higher than in Germany, see also Table 2.3. Both countries take a different
approach in dealing with uncertainties in flood risk management. The Dutch strategy
follows a more protective approach, whereas Germany puts emphasis on precaution
and damage reduction (Becker, et al., 2007). In the Netherlands floods are calamities
with large financial and social consequences, in Germany people are more used to
floods and in most areas the consequences are less severe (Steenhuisen, Dicke, &
Tijink, 2006). The diverse perceptions on flood risk and the corresponding safety
levels can be explained by differences in potential flood impacts. In the Netherlands
more than 8.5 million people live in flood risk areas, that is more than 50% of the total
population. In Germany, over 2 million people live in flood risk areas, which is less
than 2.5% of the total population. The financial damage in case of a flood is estimated
at 130 billion euro for the Netherlands, compared to 34 billion in Germany (ICPR,
2001). This estimate is based on all the properties that are located in flood risk areas.
Dutch inhabitants expect higher authorities to take action regarding flood safety, in
Germany floods are perceived as regional or local events against which measures
have to be taken by officials as well as individuals (Becker, et al., 2007).

The Dutch government has adopted legal obligations concerning flood prevention
and damage Compensation that are stricter than in Germany. In Germany this
legislation differs between Lander (Raadgever, 2005). The competence for water
management in the Netherlands is primarily allocated to the national level, while in
Germany the competence is allocated to the sixteen Lander, making the Lander of
central importance for transboundary issues. Although the Lander coordinate policy
and legislation concerning water management in the Liander Water Working Group
(LAWA), the fact that Germany is divided in sixteen authorities makes harmonization
of water management in the whole Rhine basin more difficult (Steenhuisen, et al.,
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2006). The Rhine basin does have a history of successful international cooperation,
due to the pollution of the Rhine. The quality of the water in the river has been under
debate since the late 19t century and since 1950 there have been formal and informal
consultations between the riparian countries. In 1960 and 1970 the pollution was
so heavy that the river Rhine was called the ‘sewer of Europe’. Since then, different
Treaties have been established and the quality of the Rhine improved significantly.
Crucial for the development of this Rhine regime has been a strong involvement of
downstream parties, in combination with willing upstream parties (Dieperink,
2000). International formal interactions can be a competence struggle, but due to long
lasting cooperation, trust between the riparian countries has developed (Raadgever,
2005). Although collaboration and information exchange on climate change has been
rather ad hoc until now, experiences in the past suggest thatalso in the area of climate
change adaptation opportunities for more structural cross-boundary collaboration in
policy and science exist and can be enhanced.

Table 2.2. Differences regarding water policy and risk perception

Category Germany Netherlands

Cognitive Lower safety levels Higher safety levels
Damage reduction Protective approach
More used to floods, less financial Large financial and social
and social consequence consequence
Regional and individual National responsibility
responsibility

Institutional Less strict legislation Stricter Legislation
Competence located at Lander Competence located at national

level
Riparian position Upstream Downstream

2.6  Dutch Case: evolution of design discharge

Important policy variables in river basin management are politically agreed safety
levels and design discharges derived from scientific analyses. Safety levels refer to
the frequency of flood events that is considered to be acceptable. The amount of water
per second that can be associated with these safety levels and which statistically
has a certain probability to occur (‘design discharge’) is used to design adaptation
or flood protection measures, e.g. to determine the necessary height of a river dike.
Both safety level and design discharge differ between countries and vary over time as
scientific insights and political priorities evolve.
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Table 2.3. Current safety levels and design discharge for German and Dutch part of the Rhine
basin

Part of river basin Safety level Design discharge (m3s?)
(recurrence interval in years)

Oberrhein (Germany) 110-1,000 5,500-7,300
Niederrhein (Germany) 200-500 12,900-14,800
Rhinedelta (Netherlands) 1,250-10,000 16,000

Table 2.3 shows different safety levels and corresponding design discharges for
Germany and the Netherlands. The safety levels in the Netherlands are up to tenfold
higher than in Germany. The Dutch norms are legally binding at the national level,
while the German norm can differ between Lander, depending on historic water levels
and local initiatives (Steenhuisen, et al., 2006).

The estimation of the probability o