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1. SUMMARY 

A. Context 

The impact of climate change on river hydrology and ecology is a subject that receives increasing 
attention and has strong implications for hydrological, ecological, economic and social policy. 
Because climate change affects such wide variety of disciplines, pursuing research in this field 
requires an interdisciplinary approach. This need to simultaneously understand and project the 
climate change, and to project and effectively deal with its impacts on the present and future aquatic 
ecosystem, presents a great challenge to the global research community. While it is important to 
understand sources and magnitudes of climate change uncertainty, there is also need to understand 
how and in what form policy makers can deal with uncertainties. The question arising here is how to 
address in both communication and decision making the uncertainties associated with regional 
climate change projections. The steps adopted by the policy makers are of two types: the setting up 
of mitigation measures through a reduction in GHG emissions and the setting up of adaptation 
measures aimed at decreasing the impacts and protecting both population and ecosystems faced 
with the climate risks of these coming years. This research aims to link nature management and 
development with water management as they both face adaptation challenges for climate change 
and because it is expected that both adaptation needs can be organized in a far more efficient way if 
the interrelationships between both are taken into account. 

B. Objectives  

The objective of the project was bringing together key experts from the climatological, hydrological 
and ecological research communities, as well as water managers and policy makers, in order to 
improve the decision making regarding the impact of climate change on aquatic and floodplain 
ecosystems. In the framework of the ADAPT project and in synergy with CCI-HYDR project, the 
impact of flood scenarios (frequency, duration, water height and season) on floodplain vegetation 
communities (habitats) and aquatic ecosystem was already under investigation with application to 
the ecological impacts.  

Therefore a series of workshops have been organized, bringing together all sectors (climatologists, 
hydrologists / water engineers, biologists / ecologists and policy makers). Also hydro-meteorologists, 
sociologists and economists collaborating in the ongoing ADAPT and CCI-HYDR projects were invited 
to take part of these workshops and put their expertise in the general discussion around climate 
change and environmental friendly adaptation measures. The research focused on the case study of 
άDǊƻǘŜ bŜǘŜ ϧ DǊƻǘŜ [ŀŀƪέΦ ¢Ƙƛǎ ŀƭƭƻǿed us to cover relevant issues regarding the environmental 
impact of Climate change induced changes in river hydrology. We specifically looked into the impact 
of changes in flooding regimes. This constraint on the research scope was due to several reasons, 
among which the specific focus of the CCI-HYDR and ADAPT projects on the impact of climate change 
on flooding regimes. 

¢ƘŜ ǊŜǎŜŀǊŎƘ ŀƴŘ ǿƻǊƪǎƘƻǇǎ ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ ŎŀǎŜ ǎǘǳŘȅ ƻŦ άDǊƻǘŜ bŜǘŜ ϧ DǊƻǘŜ [ŀŀƪέΦ ¢Ƙƛǎ ŀƭƭƻǿŜŘ 
covering relevant issues regarding the environmental impact of Climate change induced changes in 
river hydrology, both in terms of management options as for elements at stake (ecosystem types - 
vegetation types). The Grote Nete case raises awareness on several cross-policy challenges for water 
managers, nature development/conservation organisations, waste water treatment agencies which 
need strong interdisciplinary cooperation among  hydrologists, ecologists and climatologists. More 
specifically, we adressed two important impact mechanisms which pose huge challenges for 
interdisciplinary research. The first topic is the effects of CC on urban run-off and associated inter-
basin water transfers and how this can pose problems for hydrological modelling.  
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The second topic covers the positive and negative effects of macrophyte growth in relation to CC and 
how to potentially address variable flow resistance in hydrological modeling approaches. 

In this project, we tested for the Grote Nete case the option to calibrate a simplified conceptual 
model to the full hydrodynamic model and run the long-term simulation in the simplified model. This 
test focused on the Zammelsbroek floodplain area. For this floodplain, we succeeded to obtain a 
conceptual (reservoir-type) model for which the results are close to the full hydrodynamic MIKE11 
model. Hourly time series available for the period 1986-2005 were simulated in that conceptual 
model in order to obtain long-term information on water levels and inundation depths in the 
floodplain, the spatial extent and temporal variations in the inundated area, and the duration of the 
inundations. Given that the Zammelsbroek area has frequent inundations, 26 inundations (including 
very small ones) were simulated in the period 1986-2005 and the simulation results for these events 
were statistically summarized (table with inundation depths, duration, and extent). In this way, 
information could be obtained on flood events with high frequency, which is of high importance for 
the ecological impact investigation. 

C. Conclusions  

The impact of climate change on ecology through changes in flooding regimes is only one element of 
the many impact mechanisms that affect ecological values. Whether the ecological impacts through 
changes in flooding regimes will be important in comparison to other (climate related) stressors 
(drought, invasive species, ecological mismatching) or traditional stressors (eutrophication, 
acidification, fragmentation, pollution) remains an open question. Biodiversity values have been 
declining for decades and it seems that this trend is not changing, even without climate change.  In 
relation to changes in flood regimes, one also has to acknowledge that the largest changes in flood 
regimes have been induced in the past through normalization of streams, increased run-off and a 
reduction in floodplain acreage.  

Nevertheless we can learn important lessons from this study. If we put this in perspective and make 
the linkages to other disciplines, processes and mechanisms, we can see the other parts of the puzzle 
and identify the interdisciplinary challenges we need to tackle.  

The first chapter is an introduction to key issues regarding global climate change uncertainty, with a 
focus on greenhouse gas emission scenarios. Global climate change uncertainty comes from two 
main sources: emission scenarios and the limitations of our ability to model climate. Emission 
scenarios must reflect the range of potential socio-economic futures. Most 3D climate model 
simulations to date have been based on the SRES scenarios presented by the IPCC in 2000.  However 
these scenarios do not consider any explicit climate policy, and thus do not include very low emission 
cases. {ŜƭŜŎǘƛƴƎ ŀ ƭŜǾŜƭ ƻŦ Ǝƭƻōŀƭ ǿŀǊƳƛƴƎ ǘƘŀǘ ǿƻǳƭŘ ōŜ ǊŜƎŀǊŘŜŘ ŀǎ άŀŎŎŜǇǘŀōƭŜέ ǊŜǉǳƛǊŜǎ ǾŀƭǳŜ 
judgments about the level of risk that is deemed acceptable; it is a political decision, although 
science can provide relevant information. In 2009, the Parties to the UN Convention on Climate 
/ƘŀƴƎŜ άǘƻƻƪ ƴƻǘŜέ ƻŦ ǘƘŜ /ƻǇŜƴƘŀƎŜƴ !ƎǊŜŜƳŜƴǘ ǘƘŀǘ ƭŜŀŘ ƛƴ нлмл ǘƻ ǘƘŜ ŘŜŎƛǎƛƻƴ that the long-
term objective would be the limitation of global warming to 2°C above pre-industrial average 
ǘŜƳǇŜǊŀǘǳǊŜΦ IƻǿŜǾŜǊΣ ŎǳǊǊŜƴǘ ŜƳƛǎǎƛƻƴ ǊŜŘǳŎǘƛƻƴ άǇƭŜŘƎŜǎέ ōȅ ƛƴŘƛǾƛŘǳŀƭ ŎƻǳƴǘǊƛŜǎ ŦƻǊ нлнл Řƻ ƴƻǘ 
represent enough efforts to make this objective likely (> 66% chances) to be satisfied. From a 
scientific viewpoint, a wide range of future emissions remains plausible. This wider range of possible 
scenarios is taken into account in a new process for developing and using scenarios for the next 
assessment report of the IPCC (AR5), which also aims at integrating researches on mitigation and 
adaptation in time for AR5.  
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The second chapter discusses issues related to climate scenarios used for hydrological studies, 
including natural climate variability and the comparison of model results and observations. Climate 
change scenarios for the 21st century specifically adapted to hydrological studies were developed in 
the CCI-HYDR and following projects. The underlying methodology deals with uncertainty associated 
to both emission scenarios and climate modelling by combining the results from an ensemble of runs 
ǿƛǘƘ ŘƛǾŜǊǎŜ ŜƳƛǎǎƛƻƴ ǎŎŜƴŀǊƛƻǎ ƛƴ ŀ ǎŜǘ ƻŦ о άŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ǎŎŜƴŀǊƛƻǎέ ǊŜǇǊŜǎŜƴǘƛƴƎ ŎƻƳǇŀǊŀǘƛǾŜƭȅ 
wet, medium, or dry alternatives, with a definition that is tailored to each application. We consider 
the possibility and need to distinguish strong mitigation cases from other scenarios and conclude 
that while this was not a priority when the range of emission scenarios taken into account in climate 
models was limited, the appearance of strong mitigation cases in 3D climate simulations may require 
the separation of these cases from non-intervention scenarios, especially in the context of studies 
that look at the benefits from mitigation. RCM simulations match the statistics of observed 
precipitation extremes relatively well, depending on models. The statistics from the CCLM model 
(used at UCL in the framework of ABC-impacts), are very close to observed values for version 3 of 
the model, but results from the new version 4 are deviating from observations in summer, 
requiring further investigations. The statistical analysis done within CCI-HYDR shows that 
precipitation extremes in Europe involve substantial natural variability (multidecadal oscillations) 
as well as a trend to more precipitation in winter. This must be taken into account both for model 
validation and for impact analysis. 

The third chapter elucidates the concept of ecosystem based adaptation through non-technical 
adaptation measures to Climate Change Impacts. Ecosystem based adaptation to Climate Change is 
a concept where natural regulating processes are protected and/or restored and this provides 
opportunities to both society and biodiversity. The physical characteristics of a catchment play a 
crucial role in the hydrological dynamics of its rivers. IƻǿŜǾŜǊΣ ǎƻŎƛŜǘȅΩǎ ŘŜǎƛǊŜ ǘƻ ŎƻƴǘǊƻƭ ǊƛǾŜǊǎ ŀƴŘ 
exploit floodplains for agricultural and industrial development has had enormous impact on riverine 
systems throughout Europe. It is recognised increasingly that it is often more cost-effective to 
maintain, or even restore or create, water-related ecosystems than to try to provide the same 
services through expensive engineering structures, such as dams, embankments or water-
treatment facilities. River normalisation and increased soil sealing has turned flood regimes in a 
flood type that is atypical compared to any natural flood regime. Either regular floods are avoided 
through embankments and/or the extreme floods lack the flood-pulse properties to rejuvenate 
floodplain vegetation communities. Natural floodplains and riparian zones are dynamic environments 
and usually harbour a high biodiversity. The differentiation of the landscape by naturally  functioning  
river  systems  enhances  biodiversity on  both  the  landscape  and  the local  scale.  

The fourth chapter gives an overview of recent progress and insights in the assessment of ecological 
impacts through changes in flooding regimes (UA). The impact mechanisms of flood events on 
ecosystems are described. Flood impact in lowland rivers occur mainly through drowning of 
vegetation (oxygen depletion in the root zone), external eutrophication and internal eutrophication. 
But, regular flooding allows the fysiological adaptation of vegetation to flood events. From the 
literature we deduct that especially flood timing, duration and regularity are crucial parameters. 
Based on the Biological Valuation Map we derive flood vulnerability map.  Practical challenges exist 
since most flood predicition models only provide data on the return period and maximal flood 
extent for extreme flood events. In addition, there is often no detailed vegetation mapping 
available. A detailed study on flood timing, duration, depth and regularity is undertaken for the 
Zammelsbroek floodplain. With respect to strategies to protect and restore floodplain biodiversity 
it is important to have regular, but less extreme flood events and the presence of topographical 
gradients within the floodplain in order to maintain species diversity. 
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This brings us to the fifth chapter where the άǎǘŀǘŜ ƻŦ ŀǊǘέ ŀƴŘ challenges regarding floodplain and 
river modeling are described. In this chapter, the challenges regarding floodplain and river modeling 
are described and illustrated based on the Grote Nete case application. Most hydrological models 
are orientated towards flood prediction application. They make use of techniques (synthetic rainfall 
events, composite storms, conceptual models) to allow fast calculation of many scenarios. This is at 
the expense of the capability to evaluate ecological impacts and/or the evaluation of soft 
measures such as infiltration restoration, distributed (upstream) water retention, land-use 
ŎƘŀƴƎŜΧ Furthermore the models are evaluated on their capability to accurately predict extreme 
events, while their performance on regular flows might be much lower. Long term simulations on the 
original models are seldom used, which makes it difficult to establish a reference condition to which 
changes can be compared. 

The problems and challenges related to the hydrological modeling also relate to the increasing 
complexity of the hydrological system. In chapter 6, we explore 2 important mechanisms that 
significantly increase the complexity of catchment functioning and require interdisciplinary research. 
We have identified and documented 2 mechanisms that significantly affect catchment hydrology. 
The role of these mechanisms will become increasingly important, given the future climate 
projections. Important sewage water transfers occur between and within catchment boundaries 
and these transfers have serious consequences for modeling and the water balance of the 
catchment. The sewage infrastructure can be seen as a separate hydrological system that interacts 
with the river system. Not only is there a displacement of water across hydrological boundaries. Also 
water is transferred between compartiments: a) parasitic drainage (groundwater to sewage) b) run-
off (rainfall to sewage) c) overflows (sewage to surface water) d) discharge at treatment plants 
(sewage to surface water). Macrophytes can have a profound effect on the catchment hydrology 
under climate change scenarios. Depending on climate conditions, species composition, morphology 
and nutrient availability they will alter flow resistance and hydraulic head through many non-linear 
mechanisms.  Prolonged periods of low flow, more sunlight, higher temperatures and higher 
nutrient availability (less dilution) will increase macrophyte growth and decrease the drainage 
capacity of streams. This is desirable for water conservation, but may pose local problems of 
summer flooding. Further research on these mechanisms is needed to progress on the modeling of 
water quantity and quality. Incorporation of sewage transfers and macrophyte growth into 
modeling approaches requires substantial effort, but is urgently needed as these mechanisms are 
very climate sensitive.   

D. Contribution to scientific support of sustainable development policy  

A final chapter on policy support concludes the most relevant findings of the interdisciplinary research 
and formulates recommendations for nature and water management. Most important conclusions 
are summarized below. 

Due to substantial uncertainty on the magnitude of regional / local climate change, policy measures 
need to take a range of possible futures into account, in particular by increasing resilience and 

ƭƻƻƪƛƴƎ ŦƻǊ άƴƻ-ǊŜƎǊŜǘέ ƻǇǘƛƻƴǎΦ Actions and measures that are planned and executed today in the 
Grote Nete catchment are oriented towards the restoration of natural processes and may 
counterbalance the « additional » impact of climate change up to a certain level. The largest changes 
in flood regimes have been induced in the past through normalization of streams, increased run-off 
and a reduction in floodplain acreage.  

Floodplain ecosystems may be relatively resilient against gradual changes in the magnitude of the 
flood regimes (depth-duration) if the floodplain exhibits a wide range of topographical gradients and 
is subjected to regular flooding. A more « ecological design » of controlled floodplains, can be a 
strategy to increase biodiversity.  
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Several hydrological-ecological interfacing problems were identified, which need further focus and 
research. It is interesting to notice that the current hydraulic model limitations are a natural result of 
improvements in flood risk modeling. Especially for ecological impact assessments and evaluation of 
soft measures (land-use change, infiltration restoration, upstream water retention), the recent 
progress in hydrological modelling has reduced the applicability, rather than improving the 
usefulness for these applications.  

For the determination of ecological impacts of flooding also other variables such as the flood 
duration, the temporal evolution of the floodplain filling, the flood season, etc., are required. These 
outputs are by default not provided, neither validated. Also extraction of information on the flood 
season requires additional post-processing and validation. Even if the model architecture would 
allow the integration of these variables, calibration data on the duration of historical floods is most 
often not available. Consequently, the emptying of the flood plains cannot be modeled truthfully, 
which is a prerequisite. More attention thus should be given to the modeling, calibration and 
validation of flood duration and the underlying processes that affect flood duration.  

It became clear that the water quality model is based on a huge number of assumptions, which are 
all due to lack of sufficient details (temporal frequency, locations) in the available pollution data. 
Averaged estimated loads and monthly measurements are not sufficient to allow accurate simulation 
of the daily or hourly concentration variations. It is this daily or hourly timescale that is of importance 
for an ecological impact analysis. In addition, the Grote Nete is however also largely influenced by 
short-duration pollution impacts from Combined Sewer Overflows (CSOs). The CCI-HYDR project has 
shown that due to climate change in the case study, CSO frequencies tend to increase, as well as the 
CSO pollutant concentrations due to prolonged dry weather periods during which sediments 
accumulate (higher storm flush for same CSO discharge; Willems et al., 2010). Also in the river, the 
same CSO discharge can lead to a higher impact, due to prolonged low flow periods in summer and 
increased eutrophication. 

The present excessive macrophyte growth during low flows increases the hydraulic head, decreases 
valley drainage and results in more stable and higher groundwater levels. The water retention has 
significant positive effects on water quality and base flow if droughts persist, but may cause 
problems for harvesting crops in the valleys and may cause floods during summer storms. These 
interaction mechanisms need further study. The incorporation of a variable flow resistance (and 
macrophyte growth models) in hydraulic models is a huge challenge (research recommendation). 

Climate change should be put in perspective and be linked to the « traditional » environmental 
stressors (eutrophication, dessication, acidification, soil sealing) which have not been tackled up to 
now and still cause further changes in the hydrological and ecological status of rivers and floodplains. 
Determining the impact of climate change on already heavily impacted ecosystems is rather 
ambivalent and in that case natural reference situations could be of use.  

There should be continued efforts to monitor precipitation and flood changes, analyze their 
statistical properties, and compare observations to the models which are also used for future 
projections. Research projects that would allow integrated monitoring and modelling of several 
floodplain sites would contribute to a better understanding of the biogeochemical processes, which 
would allow to derive better evaluation criteria. 

E. Keywords  

Climate change, Climate adaptation, Climate modeling, Hydrological modeling, Floodplain ecology, 
Ecosystem based Adaptation, Macrophytes, Sewage transfers  
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2. METHODOLOGY AND RESULTS 

CHAPTER 1: Emissions scenarios, international  negotiations, and their 

consequences for adaptation and mitigation  

This chapter is an introduction to issues regarding future projections of greenhouse gas emissions. It 
summarizes key global impacts on climate and how international negotiations may help reducing 
climate change and its effects. The end of the chapter presents the current evolution of IPCC-related 
work on scenarios and the integration of research on climate, impacts and adaptation. 

1.1 Introduction: greenhouse gas emissions, global impacts and  uncertainty  

In this cluster project, the focus is on climate change impacts at the level of river subbasins and 
sewage systems. The focus on local/regional scale is a usual feature of this type of studies, because 
impacts are generally local in nature, as humans and natural species suffer from changes in a given 
place, which are often different from what they are in other locations because a number of 
geographically variable climatic and non-climatic parameters will influence these impacts. However 
climate is global in nature because changes in one region interacts with others, and change in long-
lived greenhouse gases (GHGs) concentrations occur everywhere as they stay in the atmosphere for 
much longer than it is needed to transport them over the planet. Impacts also have a global 
dimension when it comes to issues such as food security, because some of the world agricultural 
production is traded internationally. Moreover, there is an ethical dimension in looking at impacts 
that are not only here and in the near future, but also in other regions and later. Therefore, while we 
are looking at local impacts, it is essential to keep in mind that climate change is a global problem.  
 
Uncertainty is also a key aspect of future climate change projections; it comes from two main 
sources: emission scenarios (unknows regarding future socio-economic choices and changes) and 
climate models (unknowns about the climate system and its representation in models). Uncertainty 
in emission scenarios comes from unknowns regarding the evolution of human societies, such as 
population growth, economical changes, technological changes, policy and individual choices. The 
climate projections available to date, and used in this report, are all based on a set of scenarios 
presented in the Special Report on Emission Scenarios (SRES) by the IPCC (IPCC 2000). All these 
ǎŎŜƴŀǊƛƻǎ ŀǊŜ άōŀǎŜƭƛƴŜέ ǎŎŜƴŀǊƛƻǎ ƛƴ ǘƘŜ ǎŜƴǎŜ ǘƘŀǘ ǘƘŜȅ Řƻ ƴƻǘ ƛƴŎƭǳŘŜ ŀƴȅ ŜȄǇƭƛŎƛǘ ŎƭƛƳŀǘŜ ǇƻƭƛŎȅ 
(mitigation), although emission reduction may result from other environmental concerns that are 
taken into account in some scenarios. The CO2 emissions from the most frequently used SRES 
scenarios are shown on Figure 1 (coloured lines).  
 
Uncertainty in climate models has many sources. First, the conversion from emission to atmospheric 
concentrations introduces uncertainty, as the level of accumulation of greenhouse gases in the 
atmosphere results from complex biological, chemical or physical processes, in particular within the 
carbon cycle. Then uncertainties regarding the climate system may have consequences for global 
average change estimates, in particular the range of climate sensitivity (how much warming 
correspond to a doubling of CO2 concentrations, associated to uncertainties regarding for example 
feedbacks from changes in water vapour concentrations) is estimated in IPCC AR4 to be in the range 
2°C to 4.5°C with 66% chances, and the best guess estimate is 3°C. Other uncertainty sources are 
more regional, averaging out at the global scale but complicating local analyses (for example 
regarding precipitation changes in parts of Africa).  
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Figure 1: Coloured lines: Total carbon dioxide emissions for the SRES scenarios (4 ñmarkerò scenarios and 
A1 Fossil Intensive scenario (IPCC 2000; IPCC 2007). Grey lines: illustrative carbon dioxide emissions for 
each of the representative concentration pathways (Moss and et al. 2008), see Section 1.3. 

 

 
Figure 2: Top rows: global average temperature increase from 1980-99 until 2090-99 for key SRES scenarios, 

best guess results from IPCC, 2007 (the arrow indicates the full range, taking uncertainties into account). Middle 

rows: examples of important impacts (impacts starts approximately at the beginning of each arrow and increase 

with temperature; based on IPCC, 2007). Bottom rows: examples of important ñtipping pointsò were a change in 

the climate system could accelerate substantially, become large and/or irreversible (the arrows indicates ranges 

from publications, and the dashes indicates that the change may start at lower temperatures according to some 

studies; based on (IPCC 2000; IPCC 2007; Salazar and et al. 2007; Lenton, Held et al. 2008; Boé, Hall et al. 

2009; Malhi, Aragão et al. 2009; Nobre and Borma 2009; Fee, Johansson et al. 2010). The range given for 

tipping points reflects recent literature; note that uncertainties are large, and may not be entirely reflected in the 

ranges given due to incomplete knowledge of some of the processes. 
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Providing a global overview of impacts in diverse sectors is an extremely difficult task that can only 
be approached by large summaries such as IPCC assessment reports, therefore we restrict to a 
selection of important examples, shown in Figure 2 (for more information, see references in the 
caption). Some impacts, such as changes in the range of vegetal and animal species, can already be 
confidently linked to climate change, others are emerging or expected to start with even limited 
additional warming, such as more frequent coral bleaching events or adverse impacts on specific 
cultures. Larger levels of global warming would bring more severe impacts on ecosystems and would 
negatively affect the living conditions of an increasing share of people. In addition to impacts that are 
often increasing progressively with temperature, researches have looked at the possibility of 
thresholds leǾŜƭǎ ƛƴ ǘƘŜ ŎƭƛƳŀǘŜ ǎȅǎǘŜƳΣ ŎŀƭƭŜŘ άǘƛǇǇƛƴƎ ǇƻƛƴǘǎέΦ ¢ƘŜǎŜ ƛƴŎƭǳŘŜ ǇƘŜƴƻƳŜƴƻƴ ǘƘŀǘ 
could accelerate beyond a certain level of warming, such as suggested by several models for the 
decrease of sea-ice cover in the Arctic. They may also involve irreversibility, such as following the 
onset of large melting of continental ice in Greenland or West Antarctica, and subsequent long-term 
sea-level rise. Best-guess global warming levels reached by the SRES emission scenarios in 2100 are 
also shown in the figure (upper panel), suggesting that all these non-mitigation scenarios may result 
ƛƴ ǎƛƎƴƛŦƛŎŀƴǘ ƛƳǇŀŎǘǎΦ IƻǿŜǾŜǊ ǘƘƛǎ ŘƻŜǎ ƴƻǘ ŘŜŦƛƴŜ ŀ ƭŜǾŜƭ ƻŦ άŀŎŎŜǇǘŀōƭŜέ ǿŀǊƳƛƴƎΣ ǿƘƛŎƘ ǿƻǳƭŘ 
involve value judgements and political decisions.  

1.2 International negotiations as an inp ut for climate scenarios  

Concerns regarding climate change started several decades ago, leading in 1988 to the creation of 
the Intergovernmental Panel on Climate Change (IPCC) by the World Meteorological Organization 
and the United Nations Environment Program. The mandate of the IPCC is to inform the policy 
making process by providing an objective assessment of the scientific findings on the risk of human 
induced climate change, its possible impacts, and options for adaptation and mitigation (IPCC, 2011). 
The first report of the IPCC was completed in 1990, and played a decisive role in the creation of the 
United Nations Framework Convention on Climate Change (UNFCCC). This convention was adopted 
in 1992 at the UN Conference on Environment and Development in Rio de Janeiro (UNFCCC 1992). 

¢ƘŜ ƻōƧŜŎǘƛǾŜ ƻŦ ǘƘŜ ¦bC/// ŎƻƴǾŜƴǘƛƻƴ ƛǎ ǘƘŜ άǎǘŀōƛƭƛȊŀǘƛƻƴ ƻŦ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƛƴ ǘƘŜ 
atmosphere at a level that would prevent dangerous anthropogenic interference with the climate 
ǎȅǎǘŜƳέ (UNFCCC 1992). The convention also states that the change should remain slow enough to 
enable adaptation of the ecosystems and food production as well has economic development. 
However, it does not provide any quantified objectives regarding the rate and level of mitigation 
effƻǊǘǎΦ 5ŜŎƛŘƛƴƎ ŀōƻǳǘ ǿƘŀǘ ƛǎ ŀ άŘŀƴƎŜǊƻǳǎ ƛƴǘŜǊŦŜǊŜƴŎŜέ ƛǎ ŀ ǇƻƭƛǘƛŎŀƭ ƛǎǎǳŜΣ ŀǎ ƛǘ ƛǎ ƴƻǘ ǇƻǎǎƛōƭŜ ǘƻ 
avoid all impacts (some are already happening), and also because there is significant uncertainty 
regarding how large the future impacts of current emissions could be, requiring decisions about the 
level of risk that is deemed acceptable. In 1995, the council of the European Union decided that its 
long-term objective would be to limit the increase in global average temperature to 2°C above pre-
industrial levels (EU 1995). Although the UNFCCC convention introduced emissions reporting and the 
aim to return to 1990 emissions by year 2000 for the industrialized countries (those listed in its 
Annex I), binding commitments only appeared with the Kyoto Protocol (KP), adopted in 1997. The 
ǇǊƻǘƻŎƻƭ ŜǎǘŀōƭƛǎƘŜǎ ŀ άŦƛǊǎǘ ŎƻƳƳƛǘƳŜƴǘ ǇŜǊƛƻŘέ ǿƛǘƘ ŜƳƛǎǎƛƻƴ ǊŜŘǳŎǘƛƻƴ ǘŀǊƎŜǘǎ ŦƻǊ ŀ ǘƻǘŀƭ ƻŦ -5% of 
1990 emissions in Annex I countries, to be met on average over the period 2008-2012. The Kyoto 
Protocol entered into force in 2005, but was never ratified by the United States. While all other large 
industrialized countries ratified the protocol, the fact that the U.S. remained outside the group 
reduces the demand for emission allowances in the framework of emission trading, thus potentially 
lowering the cost of these allowances. However, current emissions of some of the participating 
countries are still significantly above the amount that corresponds to their commitment, in particular 
for Canada (UNFCCC 2010) and possibly Japan (although GHG emissions in Japan decreased a lot in 
2008 and 2009, resulting in a level close to the Kyoto target, e.g . (Nies 2010)). 
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In principle, these countries should buy the missing emission allowances, either from the unused 
amounts of countries such as Russia, and/or from projects that reduces emissions in developing 
countries or economies in transition. If, by contrast, countries do not comply with their 
engagements, this would hinder their participation into a subsequent commitment period ς beyond 
2012.  

The first commitment period of the Kyoto Protocol is thus limited in time and in scale of action. As 
we will see in more detail in the next Section, curbing and ultimately stopping global warming 
requires much larger emission reductions, especially ŦƻǊ ǘƘŜ ōƛƎƎŜǎǘ ŜƳƛǘǘŜǊǎΦ ²ƘƛƭŜ Ƴƻǎǘ άǊƛŎƘέ 
countries, in particular the U.S., still have higher emissions/capita compared to developing countries 
(excluding land-use change, which complicates the figures), some emerging nations now emit a 
significant share of the world greenhouse gases ς in particular, the total amount of emissions from 
China is now larger than from the U.S. Therefore, curbing world emissions does require both a 
continuation of efforts from countries that took part in the KP first commitment period, and a 
mechanism to promote mitigation efforts in the other countries.  

In parallel of discussions on mitigation, adaptation has become an increasingly important part of the 
negotiations. An Adaptation Fund was created in the framework of the KP, based on a 2% share of 
purchases of emission reduction certificates from mitigation activities in developing countries (clean 
development mechanism projects, a part of emission trading activities in the KP) and other funding 
sources (UNFCCC 2002), see also (UNFCCC 2011c). Further development includes the so-called 
άbŀƛǊƻōƛ ²ƻǊƪ tǊƻƎǊŀƳƳŜ ƻƴ LƳǇŀŎǘǎΣ ±ǳƭƴŜǊŀōƛƭƛǘȅ ŀƴŘ !ŘŀǇǘŀǘƛƻƴέ όнллсύ ŀƴŘ ǎǳōǎŜǉǳŜƴǘ 
decisions on helping adaptation, especially in developing countries. 

In order to move beyond the first commƛǘƳŜƴǘ ǇŜǊƛƻŘ ƻŦ ǘƘŜ YtΣ ǘƘŜ ά.ŀƭƛ ǊƻŀŘ ƳŀǇέ ǿŀǎ ǎŜǘǳǇ ƛƴ 
2007 at the 13th Conference of the Parties to the UNFCCC (COP 13). The intention was to achieve 
agreement by the Copenhagen conference (COP15) in 2009, following an agenda of negotiation 
issues knowƴ ŀǎ ǘƘŜ .ŀƭƛ !Ŏǘƛƻƴ tƭŀƴΣ ŀƴŘ ǊŜƎǳƭŀǊ ƳŜŜǘƛƴƎǎ ƻŦ ǘǿƻ ά!Ř-ƘƻŎ ²ƻǊƪƛƴƎ DǊƻǳǇǎέ ό!²DǎύΦ 
The first of these groups existed already since 2005, and deals with further commitments for Annex I 
(i.e. industrialized) countries under the Kyoto Protocol (AWG-KP). The other group deals with Long-
term Cooperative Action (AWG-LCA) in the framework of the convention ς therefore only this second 
group involves the US. 

While the Copenhagen conference resulted in refined texts under both AWG negotiation tracks, it 
did not finalize decisions. The work period of the AWGs was extended twice for one year, in 
ǇǊŜǇŀǊŀǘƛƻƴ ŦƻǊ ǘƘŜ ƴŜȄǘ /ht όƴƻǿ ǎŎƘŜŘǳƭŜŘ ŦƻǊ 5ŜŎŜƳōŜǊ нлмм ƛƴ 5ǳǊōŀƴύΦ ¢ƘŜ ά/ƻǇŜƴƘŀƎŜƴ 
!ŎŎƻǊŘέ ό/!ύ ǿŀǎ ōƻǘƘ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ŘŜǾŜƭƻǇƳŜƴǘ ƻƴ ǎŜǾŜǊŀƭ ŀǎǇŜŎǘǎ ǎǳŎƘ ŀǎ ǘƘŜ ŦƛǊst inclusion of a 
limit to global warming (2°C) in an UNFCCC document, but it was generally regarded as deceptive 
ōŜŎŀǳǎŜ ƛǘ ŘƛŘ ƴƻǘ Ŏƻƴǘŀƛƴ ōƛƴŘƛƴƎ ŎƻƳƳƛǘƳŜƴǘǎΣ ǘƘŜ ǇƭŜƴŀǊȅ ŘƛŘ ƴƻǘ ŀŘƻǇǘ ǘƘŜ /! ōǳǘ ƻƴƭȅ άǘƻƻƪ 
ƴƻǘŜέ ƻŦ ƛǘΣ ŀƴŘ ǾŜǊȅ ƭƛǘǘƭŜ ǿŀǎ ǎŀƛŘ ƻƴ ǇŀǘƘǿays needed to stay below the 2°C limit. Most, but not all, 
UNFCCC participating states associated themselves with the CA, by letter to the Secretariat of the 
/ƻƴǾŜƴǘƛƻƴ ƛƴ ŜŀǊƭȅ нлмлΦ aƻǎǘ ŜƳƛǘǘŜǊǎΣ ƛƴŎƭǳŘƛƴƎ ŘŜǾŜƭƻǇƛƴƎ ŎƻǳƴǘǊƛŜǎΣ ŀƭǎƻ ǇǊƻǾƛŘŜŘ άǇƭŜŘƎŜǎέ Ŧor 
emission reductions in 2020; however, these pledges are generally regarded as insufficient to put the 
World on a pathway that would not result in more than a 2°C warming from pre-industrial (see next 
Section). Industrialized countries also pledged to prƻǾƛŘŜ ŀ άŦŀǎǘ ǘǊŀŎƪέ ŦƛƴŀƴŎƛƴƎ ǘƻ ƛƴŎǊŜŀǎŜ ƴŜŀǊ 
term (2010-2012) support to both adaptation and mitigation in developing countries. 

Further progresses were made in Cancun (COP16) at the end of 2010, resulting in the Cancun 
Agreements and suggesting that the negotiation may eventually come to a successful conclusion, but 
there is still a long way to go. A substantial difficulty is that the United States are unlikely to be in a 
position to sign a binding commitment, as shown by the current activity of the Congress against 
climate change regulation (PEW Centre, 2011, and U.S. Congress, 2011). Progresses were done 
regarding support to developing countries for adaptation and mitigation, through financing, 
technology transfer and capacity building (UNFCCC 2011a). 
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As during each of the recent years, the next conference of the Parties (COP17, to take place in 
Durban), will be prepared during several meetings in 2011. The first of these meetings involving the 
AWGs was in Bangkok in April, the next will be in Bonn in June. An ongoing development is the 
ǎŜǘǘƛƴƎ ǳǇ ƻŦ ǘƘŜ άDǊŜŜƴ /ƭƛƳŀǘŜ CǳƴŘέ ŘŜŎƛŘŜŘ ƛƴ /ŀƴŎǳƴ ǘƻ ǎǳǇǇƻǊǘ ŀ ǊŀƴƎŜ ƻŦ ŀŎǘƛǾƛǘƛŜǎ ǊŜƎŀǊŘƛƴƎ 
mitigation and adaptation in developing countries. This fund will manage part of the financing that 
developing countries committed to provide in Copenhagen and Cancun, with a total amount 
increasing to 100 billion US$ per year in 2010, including diverse sources and financing modes  
(van Kerkhoff, Ahmad et al. 2011; UNFCCC 2011b). In spite of progresses, the negotiations are still 
facing substantial difficulties. In particular, it may become difficult to have a second commitment 
ǇŜǊƛƻŘ ǿƛǘƘƛƴ ǘƘŜ Yt Ŧǳƭƭȅ ǊŜŀŘȅ ōȅ ǘƘŜ ŜƴŘ ƻŦ нлмнΣ ǎƻ ǘƘŀǘ ŀƴ ƛƴǘŜǊƛƳ άŦƛȄέ ƳƛƎƘǘ ōŜ needed  
(ENB 2011). In addition, commitments are likely to remain on a "bottom-up" basis as the 
Copenhagen/Cancun emission reduction "pledges" suggests, at least for some time. In this context, it 
appear unlikely that commitments for 2020 will be strengthened in the coming years, and thus, as 
explained in the next Section, the probability that it will be possible to limit the global warming to 
less than 2°C - as the Cancun Agreement calls for - may decrease substantially. 

1.3 How does the 2° C temperature limitation objective relates to climate science?  

Two recent reports summarize the literature on the emissions scenarios that may be compatible with 
a limitation of global warming to less than 2°C (Den Elzen et al. 2010; Fee, Johansson et al. 2010). 
These two studies provide similar results, which is quite logical since the two reports are essentially 
based on the same literature. According to Fee, Johansson et al. 2010, to ensure a likely (> 66%) 
chance of limiting global warming to 2°C about pre-industrial temperatures requires: 

- A peak in emissions by approximately 2015. The later the peak occurs, the steeper the decline in 
emissions would need to be in the subsequent decades. Delaying the emissions peak past this 
window will result in annual reduction rates that potentially exceed feasibility while substantially 
raising the costs of mitigation.  

- A decrease in emissions of 50-70% in comparison to 1990 by 2050. This assumes further emission 
reductions after 2050. 

- Reductions of long-lived greenhouse gases, such as carbon dioxide, which are essential, as well as 
reduction of short-lived forcing agents.  In addition reductions of the short-lived greenhouse gases, 
black carbon aerosols, tropospheric ozone, and aviation-induced cloudiness, could also make an 
important contribution by lowering the rates of temperature increase in the near term. It would also 
counteract the warming resulting from reductions in sulphate aerosol concentrations due to reduced 
fossil-fuel use and air quality policies. Thus, efforts regarding all constituents contributing to global 
warming may be necessary, although the magnitude of abatement may be different for each gas. 
Technologies that achieve negative CO2 emissions may be necessary in the long term (post 2030), 
and many studies suggest biomass energy with carbon capture and storage may be crucial for 
maintaining a 2°C limit.  

The emissions reduction pledges associated with the Copenhagen Accord and Cancun Agreements 
fall short of a 2020 milestone that maintains a likely chance of achieving a 2°C limit without requiring 
potentially infeasible post-2020 reduction rates. Even the most optimistic interpretation of the 
current pledges suggests that to have a likely (66%) chance of limiting the warming to less then 2°C, 
an additional mitigation effort of 2 to 6 Gigatonnes of CO2 equivalents would be required. Excluding 
the conditional pledges and other optimistic hypotheses, this gap is approximately 10 Gigatonnes of 
CO2 equivalents. If a probability of staying below 2°C larger than 66% is required then greater 
emission reductions would be needed. By contrast, if a lower probability is considered acceptable 
(for instance 50%) then emission reductions could be somewhat lower.  
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While tightening the pledges would rather seems possible, given in particular the technical 
potentials, it is not clear that this will happen in the current negotiation context, as explained in the 
previous Section. In conclusion, a wide range of possible emission futures remains plausible from a 
scientific viewpoint. 

1.4 4Ï×ÁÒÄÓ )0## !2ωȡ ȰÎÅ× ÓÃÅÎÁÒÉÏÓȱ ÐÒÏÃÅÓÓ ÁÎÄ ÉÎÔÅÇÒÁÔÉÏÎ ÏÆ ÒÅÓÅarch on 

climate, impacts and adaptation  

In this section, we summarize the ongoing and planned changes regarding scenarios in preparation 
for the 5th Assessment Report (AR5) of the IPCC. The new process will be an important change from 
previous assessments, and it is useful for those dealing with impacts and adaptation to be aware of 
that. The move originates from a need to replace the set of scenarios used so far in climate models ς 
the SRES (Section 1.1), and to cover the whole range of published scenarios, including strong 
ƳƛǘƛƎŀǘƛƻƴ ŎŀǎŜǎΦ ¢ƘŜ ǊƻƭŜ ƻŦ ǘƘŜ Lt// ƛƴ ǘƘƛǎ ǇǊƻŎŜǎǎ ƛǎ ǘƻ άŎŀǘŀƭȅȊŜέ ǘƘŜ ǇǊŜǇŀǊŀǘƛƻƴ ƻŦ ƴŜǿ 
scenarios, in particular through organising expert meetings. The first of these meetings worked out 
the foundations for the new methodology (Moss and et al. 2008). 

The central concept of this new framework is a set of 4 benchmark scenarios now referred to as 
άwŜǇǊŜǎŜƴǘŀǘƛǾŜ /ƻƴŎŜƴǘǊŀǘƛƻƴ tŀǘƘǿŀȅǎ - w/tǎέΦ .ȅ ŎƻƴǘǊŀǎǘ ǘƻ ǘƘŜ ǇǊŜǾƛƻǳǎƭȅ ǳǎŜŘ {w9{ ŜƳƛǎǎƛƻƴ 
scenarios, the RCPs are not based on storylines defining the drivers behind the emissions. Rather, the 
RCPs were defined by selecting concentrations pathways and the associated radiative forcing1 in 
2100 so as to cover the full range of scenarios available in the scientific literature. The RCPs are 
referenced by the radiative forcing reached in 2100, namely RCP8.5 (8.5 W/m2, largest emissions), 
RCP6, RCP4.5, and RCP3-t5Φ Lƴ ǘƘŜ ƴŀƳŜ ƻŦ ǘƘŜ άw/tо-t5έ ǎŎŜƴŀǊƛƻΣ t5 ǎǘŀƴŘǎ ŦƻǊ tŜŀƪ-and-Decline: 
rather than increasing than stabilizing to a certain value, the radiative forcing is passing through a 
peak (at 3 W/m2), than declining and eventually stabilising (the radiative forcing in 2100 was set to 
2.6 W/m2 following an evaluation of the plausibility of such low scenarios). The two lower scenarios 
are in the range of concentrations typical for mitigation scenarios, and the lowest one is 
representative of emissions that would follow from substantial mitigation efforts compatible with a 
limitation of global warming around 2°C, so that the coverage of possible future is much more 
comprehensive than with the previous non-mitigation SRES scenarios (Figure 1). 

A key idea is that this set of pathways can be used to run climate models while new socio-economic 
scenarios are simultaneously developed. This parallel process is illustrated in Figure 3. When new 
socio-economic and emission scenarios will be ready, it is expected that it will be possible to link 
these to the RCPs so as to obtain climate change information from the climate runs based on the 
RCPs, thus avoiding a need for new climate simulations. A practical consequence for some of the 
impact and adaptation studies is that they do not only need to wait for the climate simulation 
results, but they may also need to wait for the availability of consistent socio-economic information 
from fully defined new scenarios with associated storylines. The RCP process helped to start this 
ǇǊƻŎŜǎǎ ƳƻǊŜ ǉǳƛŎƪƭȅ ǘƘŀƴ ǿƻǳƭŘ ǘƘŜ ǇǊŜǾƛƻǳǎƭȅ ǳǎŜŘ άƭƛƴŜŀǊέ ŀǇǇǊƻŀŎƘ όFigure 3) but it should be 
clear that the RCPs themselves do not provide complete socio-economic information so that further 
development is still needed in this area. 

The process was designed to allow for an early start of the climate model simulations, but the 
selection of the lowest scenario was only confirmed in April 2009, and the data made available later. 
The delay in the selection of the RCP and preparation of emission/concentration now results in a 
start of model simulations later than expected. While climate modellers may still be in time for the 
AR5 (to be finalised in 2013/2014), the RCM simulations based on the RCP were not publicly available 
by the end of this project. The schedule will also be tight for impacts modellers wanting to take the 

                                                 
1 Radiative forcing is a measure of the imbalance of incoming and outgoing energy in the Earth-atmosphere 

system, due to climate altering factors  
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climate model results into account in their own studies that could enter the AR5 writing process. 
However, progresses have been achieved in the validation of the recently developed 4th version of 
the CLM model. 

 

 

Figure 3: Approaches to the development of global scenarios: (a) previous sequential approach; (b) 
proposed parallel approach. Numbers indicate analytical steps (2a and 2b proceed concurrently). Arrows 
indicate transfers of information (solid), selection of RCPs (dashed), and integration of information and 
feedbacks (dotted) (from Moss et al., 2008). 

 

As soon as sufficient climate model runs based on the RCP become available for Belgium, it is clear 
that additional research would be needed to study the effect of these changes in the scenarios (e.g. 
the effect of mitigation). Questions that may need to be answered are (among others): Is the range 
of scenarios used within CCI-HYDR (Belspo project SD/CP/03) sufficiently complete, and are climate 
simulations available to widen the range if needed? Could impact studies based on the CCI-HYDR 
scenarios be somehow "connected" to the new RCP process, and if not, what would be necessary to 
allow this? It will take time before a full evaluation becomes possible, including linking of the new 
scenarios selected for the AR5 to climate simulations, detailed assessment of extremes for an 
ensemble of models, and a range of impact studies. The treatment of uncertainty from scenarios in 
CCI-HYDR and the possible inclusion of lower emission scenarios in future work are further discussed 
in the next Chapter, Section 2.2. 
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2 CHAPTER 2: Precipitation extremes: variability and change in 

observations and models  

In this chapter, we summarize the methodology developed for local climate change 

projections in earlier projects, and then discuss important issues related to these climate 

scenarios: combination of uncertainty from models and emission scenarios, differences 

between model and observations, and combination of natural variability and climate change. 

2.1 Climate change scenarios adapted to hydrological impact studies  

Climate change scenarios for the 21st century specifically adapted to hydrological and hydraulic river 
and sewage systems in Belgium were developed in the CCI-HYDR research project and extended in a 
project for the Flemish Institute for Nature and Forest Research (INBO). The methodology will only 
be briefly summarized here, as we will focus on issues discussed within this project (for more 
information, see (Ntegeka, Willems et al. 2008a; Ntegeka and Willems 2008c; Baguis, Roulin et al. 
2010; Willems, Baguis et al. 2010). 

The CCI-HYDR climate scenarios have been developed for specific study areas in Belgium, after 
statistically analyzing about 30 simulations with 11 different regional climate models (RCMs) and 
more than 20 simulations with global climate models (GCMs). Simulation results have been 
processed for the variables rainfall, temperature and potential evapotranspiration (ETo) till 2100. The 
climate model simulations assess future climate trends based on the projections of future 
greenhouse gas (GHG) from the SRES IPCC report (IPCC 2000). The regional climate model 
simulations with the SRES A2 and B2 regional scenarios were obtained from the European PRUDENCE 
project, where these RCMs were nested in a rather limited number of GCMs. To cover a wider range 
of GCMs and emission scenarios, additional GCM runs (A1B and B1 scenarios) were extracted from 
the IPCC AR4 database.  

A specific algorithm was developed to obtain local climate change scenarios that can be applied to 
impact studies, on the basis of past observations and model simulations for the past and future. The 
algorithm imparts a perturbation based on the model results to the observed series to generate time 
series for the future. It intrinsically involves statistical downscaling (from daily to hourly time scale, 
and from grid scale to point scale) and bias correction (removal of the systematic deviation between 
the climate model results and the observations). It is applied to rainfall and potential 
evapotranspiration. For rainfall, the calculations involve two steps: the first step takes into account 
the changes in the number of wet days, and the second step takes into account the intensity of rain. 
The changes are quantile based to account for the fact that the changes might depend on the 
magnitude or return period of the event (Figure 4). Changes in the number of wet days are being 
made using a stochastic procedure.  

The algorithm uses time series at hourly and daily time steps. These are time scales relevant for river 
subbasins. The scenarios were developed mainly for catchments up to 1000 km2. The time series 
perturbation procedure was developed from the PRUDENCE regional climate models which mainly 
dealt with a 30-year control period of 1961-1990 and a 30 year scenario period of 2071-2100. 
Interpolation is made for other periods to account for potential differences between the period 
covered by the input series and the standard 1961-1990 control period. In addition, a 30-year period 
ǊƻǳƎƘƭȅ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ŀƴ ŀǾŜǊŀƎŜ ŎƭƛƳŀǘŜ άƻǎŎƛƭƭŀǘƛƻƴϥϥ ŎȅŎƭŜ όǎŜŜ ŦƻƭƭƻǿƛƴƎ {ŜŎǘƛƻƴǎ ŀƴŘ bǘŜƎŜka 
and Willems, 2008). More details about the perturbation procedure can be found in Chapter five of 
the CCI-I¸5w tƘŀǎŜ м ¢ŜŎƘƴƛŎŀƭ wŜǇƻǊǘ LL ά{ǘǳŘȅ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ǎŎŜƴŀǊƛƻǎέ (Ntegeka, Baguis et al. 
2008b). 
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2.2 Dealing with uncertainty from climate models a nd emission scenarios 

As summarized in Section 1.1 uncertainty in climate change scenarios comes from two main sources: 
the emission scenarios and the climate models. Taking these large uncertainties into account is a key 
issue for impact modelling, as the relevant climate information needs to be taken into account while 
avoiding unnecessary complexity. In the framework of CCI-HYDR, it was decided to simplify the 
climate scenarios by constructing sets of 3 scenarios to represent larger ensembles of model results: 
άƘƛƎƘκǿŜǘέΣ άƳŜŀƴκƳƛƭŘέ ŀƴŘ άƭƻǿκŘǊȅέ όFigure 4). The high scenario may be referred to as wet, and 
is thus adapted to studies of the risk of flooding, while the low scenario may be referred to as dry, 
and is thus critical for low flows. It is notable that the mean scenario represents mean conditions and 
ƛǎ ƴƻǘ ǘƘŜ ōŜǎǘ ŦǳǘǳǊŜ ƎǳŜǎǎΦ ¢ƘŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ƘƛƎƘκƳƛŘκƭƻǿ ƛǎ ƴƻǘ ǳƴƛǉǳŜΣ ƛǘ ƛǎ άǘŀƛƭƻǊŜŘέ ǘƻ ǘƘŜ 
application: it depends on time scale, return period and season / month, and is based on the 
expected hydrological impacts.  

While providing a simplified view on the range of model results with a set of 3 climate scenarios is 
very useful for impact studies, it is also relatively difficult due to the need for adapting the selection 
of scenarios to the variables of interest and their application. For example, as correlations between 
the changes in precipitation and in potential evapotranspiration were found, the definition of 
high/low scenarios is based on the combined effect of rainfall and ETo. In other words, the variables 
are combined to generate an impact, which can then be classified as high, mean and low. Application 
of this methodology to other regions would require the same care in designing the scenarios. 

 

Figure 4: Example of perturbations in wet day rainfall intensities as function of the return period or exceedance 
probability based on the results of the PRUDENCE RCM runs for the month of July. The constructed low, mean 
and high scenarios are also shown. 

 

Simulation of the three scenarios in the hydrological impact models allows assessing the range of 
uncertainty that is revealed by differences between the more than 50 climate model simulation 
considered and due to differences between the IPCC SRES GHG emission scenarios. This is an 
advantage of the methodology but also a potential difficulty, as there is only one uncertainty range 
for all the emission scenarios. This raises the question of whether we need to discriminate between 
emission levels when looking at impacts studies or not. The answer to this question likely depends on 
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the application of the impact study as well as on the emission scenarios considered. Studies on 
adaptation would need to consider the whole range of possible futures; a possible way to deal with 
the considerable uncertainty that is obtained at the regional and local scales is then to start from the 
knowledge of current vulnerabilities and take action in a way that would reduce risks for a wide 
range of possible future evolutions, to the extent possible. By contrast, studying the benefits from 
mitigation requires discrimination among emissions levels in the climate scenarios.  

When considering all impacts globally and in many sectors, there can be no doubt that lowering 
emissions reduce the risks (Chapter 1). But our ability to study this difference between emission 
levels in specific sectors at local scale, given the uncertainties, is a more difficult issue. Until very 
recently, the regional climate simulations were always performed for the SRES scenarios, which are 
non-mitigation scenarios, and most often ignoring the lower of these (the B1 family, although it was 
taken into account here on the basis of existing GCM runs). The first simulations with a low scenario 
assuming mitigation towards a 2°C global warming limitation (pre-industrial) were performed during 
the ENSEMBLES project.  

 

Figure 5: Annual changes in temperature (T) and precipitation (P) in the Mediterranean Basin (left) and 
northern Europe (right) from 1961-1990 to 2080-2100. Coloured areas depict probabilistic projection 
percentiles based on a statistical emulation of various sources of uncertainty, for the A1B scenario. The 
symbols show RCM and GCM simulations for the A1B scenario (blue) and for the E1 scenario (green, GCM 
only). Source: EU ENSEMBLES project (van der Linden and Mitchell 2009). 

¢ƘŜ ŀōƛƭƛǘȅ ǘƻ ŘƛŦŦŜǊŜƴǘƛŀǘŜ ǊŜǎǳƭǘǎ ŦǊƻƳ ŀ ǘƘƻǳƎƘ ƳƛǘƛƎŀǘƛƻƴ ǎŎŜƴŀǊƛƻ ό9мύ ŦǊƻƳ ǘƘƻǎŜ ƻŦ ŀ άƳŜŘƛǳƳέ 
non-mitigation scenario (A1B) is illustrated on Figure 5. For the Mediterranean region, the 
simulations based on E1 clearly result in reduced climate change compared to A1B (results from E1 
would have very little chances to occur under A1B). For northern Europe, the difference is more 
modest, although E1 results tend to form a cluster outside the range of most A1B results. On smaller 
regions, we would expect a reduced ability to distinguish between scenarios, in particular over 
Belgium because it is located between the northern regions with increased precipitation and the 
southern ones with reduced precipitation. However, the data shown in this figure are annual 
averages; as seasonal changes are generally larger, there might be a possibility to distinguish very 
low emission scenarios from non-mitigation cases, and the situation may also be different for 
extremes. This would require more investigations that were not possible during this project in part 
because the discussions about the lowest emission case within the IPCC RCPs took more time than 
expected. A specific issue that might be important when analysing simulations with low emissions is 
that sulphate aerosols concentrations have links with fossil fuel emissions, so that the cooling effect 
from aerosols is expected to decline faster in though mitigation cases. This may complicate the 
picture of differences between mitigation and non-mitigation cases (John 2011). 
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2.3 Evolution of regional climate models and validation for use in hydrological 

studies 

K.U.Leuven analyzed the climate model simulation results available from the more recent EU project 
ENSEMBLES (John 2011). Within the ENSEMBLES project, new indicators for evaluating the 
performance of RCMs were evaluated. Most indicators were based on regional temperature and 
precipitation statistics, but one of the indicators considered large-scale circulation and weather 
regimes. The objective was to identify models that perform well for all these "metrics", therefore 
combinations of metrics were considered to provide an aggregated score. While this exercise was 
regarded as exploratory, the results suggest that at least one of the models (ICTPςRegCM) for which 
precipitation statistics did not well match observations in Uccle within CCI-HYDR is performing quite 
well for other criteria. Model simulations can be erroneous, therefore eliminating simulations on the 
basis of performance metrics may be necessary to avoid taking inaccurate results into account, but 
designing such metrics and deciding about excluding some simulations remains a difficult task, which 
needs to take many aspects into account. 

 

 
Figure 6: Validation of daily precipitation extremes. Top row: PRUDENCE RCM runs for the grid cell covering 

the Uccle meteo-station. Bottom row: ENSEMBLES RCM runs 

 

Figure 6 shows the results of a comparison between the PRUDENCE and ENSEMBLES results for all 
RCM runs with available results for the main Belgian meteorological station at Uccle. It is clear from 
this figure that, while the PRUDENCE runs show systematic overstimation for the winter (DJF) season, 
these strongly reduced in the more recent ENSEMBLES runs. For the summer season, the systematic 
underestimation remain, which may be due to the fact that current RCMs are still too coarse to 
resolve convective precipitation, so that they must use approximate parametrisations (short time-
slice convection-resolving experiments are however possible, see e.g. (Knote, Heinemann et al. 
2010). For the winter season, lower rainfall intensities are expected for the RCM results in 
comparison with the observed point intensities, because of the spatial scale difference (grid averaged 
precipitation versus point precipitation), so that the results suggest that precipitation is better 
represented in the last simulations performed.  

  

DJF  ï   PRUDENCE   

  

JJA  ï   PRUDENCE   

  
DJF  ï   ENSEMBLES   

  

JJA  ï   ENSEMBLES   
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Through research cooperation between UCL and K.U.Leuven, the model-observation deviations were 
further investigated in this project based on simulations with the CLM regional climate. This was 
done in the same way as was done in the CCI-HYDR project for GCM and RCM results. Results from 
two different versions of the CLM model were considered: CLM3.0 and CLM4.0 model (CLM is also 
referred to as CCLM or COSMO-CLM, see ABC-Impacts (A.B.C.-Impacts 2011) and http://www.clm-
community.eu) 

In order to eliminate the influence of the GCM in which the CLM is nested (influence of the boundary 
conditions), CLM results driven by lateral boundary conditions from re-analysis data (ECMWF ERA-40 
and NCEP/NCAR) were considered. This re-analysis data represents "real-time" meteorology based 
on the assimilation of observations rather than "unforced" general circulation models. In this way we 
focus on the ability of the regional climate model to produce extreme precipitations with statistical 
properties that match observations (the state of the atmosphere at large scales is similar in models 
and observations, therefore the model-observations differences resulting from natural variability are 
strongly reduced). 

Figure 7 shows that CLM3.0 ERA40 results match well the Uccle historical daily rainfall extremes, also 
in the summer season. This shows that this RCM is able to reproduce rainfall extremes well when the 
model is forced by historical large-scale atmospheric circulation information at its boundaries 
(however, there may still be some overestimation in the model because grid-average extremes 
would be expected to show lower amounts than station data). Rainfall biases in the RCM results 
(PRUDENCE, ENSEMBLES) thus appear to mainly result from biases in the GCM forcings. This is 
consistent with other studies that found that the GCM explains a large fraction of the biases, 
although the regional model may have a larger role in summer due to local effects such as convection 
e.g. (Rummukainen 2010). 

  

Figure 7. Validation of daily precipitation extremes, based on the CLM3.0 ERA40 results for the grid cell 
covering the Uccle meteo-station. Left : DJF (winter); right : JJA (summer) 

Precipitation totals aggregated over time scales longer than a day are shown by IDF curves on  
Figure 8. As for the 1-day time scale, the ERA40 forced CLM3.0 results tend to show smaller biases 
than the mean value from ENSEMBLES simulations, although some overestimation of the strongest 
events (10 years return period) is again noticeable, especially for the shorter time scales shown (1 
day).Finally, the analysis was extended with a new run done with the last version of CLM (4.0, which 
was finalised in 2010). For this simulation, we have an archive of hourly precipitation over more than 
60 years, starting in 1948, and based on lateral boundary forcing from NCEP/NCAR reanalysis2. 
Figure 9 shows a preliminary comparison between the CLM3 and CLM4 runs. CLM4 results constantly 
show less precipitation than CLM3 ones, which were close to observations but slightly too large. For 
the winter season, the difference is small and the results from CLM4 may be as close to the actual 
climate as CLM3 ones. However, for summer, CLM4 results show a systematic underestimation in the 
rainfall extremes (compare with Figure 7).  

                                                 
2
 We thank Dr. Beate Geyer, from Helmholtz-Zentrum Geesthacht, Germany, and Dr. Daniel Luethi, Institute 

for Atmospheric and Climate Science, ETH, for giving us access to the long CLM runs. 
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The IDF curves (not shown) suggest that the results strongly depends on the aggregation time, 
ranging from very close to observations at a time scale of a few hours to substantial underestimation 
of the hourly values. As we have shown that the bias essentially occurs in summer (and for relatively 
short events), the change between model versions might be related to the representation of 
convection. However, various changes have been made between model versions, including changes 
in the representation of clouds, and due to the large CPU time required by such simulations, we 
could not yet explore these differences, including the ones that may come from the differences in 
lateral boundary forcing (here one run uses reanalysis from ECMWF while the other uses NCEP). 
While changes in a model that introduces more detailed and comprehensive representation of 
climate processes may in principle degrade specific results, further investigations are required to 
better understand this CLM4 simulation. The internal variability of the model may also explain part of 
the differences between two simulations. 

 

Figure 8. Comparison of rainfall IDF relationships for Uccle with ENSEMBLES and CLM3.0 ERA40 results. 
Three return periods are shown: 0.1 year (red line), 1 year (blue line) and 10 years (green line). 

 

  

Figure 9. Preliminary comparison of daily precipitation extremes, based on daily CLM3.0 and CLM4.0 results 
for the grid cell covering the Uccle meteo-station. Left: winter (DJF), right: summer (JJA). 

Several methods exist to perform the statistical downscaling of the climate model results. These 
methods transfer the climate changes at RCM/GCM scales, generally larger or equal to 20 km, to 
changes at hourly and point scales (hydrological impact scales). Each of these methods is based on a 
number of underlying assumptions, which introduce uncertainties in the statistical downscaling. 






































































































































































