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1 Introduction

The members of the Advisory Board (Annex 1) for the next generation KNMI climate
scenarios met in De Bilt, the Netherlands on 5 and 6 June 201 2. These external experts
have been asked by KNMI to provide independent feedback on the different aspects of the
project that leads to the next generation KNMI climate scenarios for the Netherlands
(called the KNMT'1 3 scenarios). The agenda for the meeting is attached as Annex 2. The
discussion was structured on the basis of presentations and a panel discussion.

A scoping document (Annex 3) prepared for the meeting was distributed beforehand.
This document describes the roadmap towards the KNMI’1 3 scenarios. The scoping
document contains several pending questions for which KNMI sought advice from the
Advisory Board members in particular. Discussion of these questions has led to the
following comments and recommendations for the project.



2 Comments and recommendations

I)

According to the Advisory Board, the KNMInext project (which aims to develop
the KNMTI'1 3 climate scenarios for the Netherlands), is a sound exercise not only
from a technical point of view but also scientifically and intellectually. The
KNMInext activities include a critical assessment of the results and a self
reflection on the best way to present these. They go beyond generating the
numbers on the basis of model projections alone. Expert judgement (also based
on empirical evidence) is very much welcomed to augment the model derived
scenario information (e.g. with respect to the scaling of precipitation extremes).
Expert judgement also allows to keep the scenario structure for the end users
relatively simple. The Advisory Board felt that the liaison with end users of the
climate information pays off. There is a need to involve other disciplines than
meteorologists and climatologists for integration of knowledge and providing the
necessary context.

The Advisory Board concluded that a full probabilistic approach to climate
projections at the regional scale is currently not feasible. The main reason is that
the scientific developments in this area are currently only in its infancy. The
limited model ensemble and limited number of emission scenario’s or pathways
which are available now make any probabilistic statement conditional. No such
thing as a statistical significant scenario exists. Some fundamental concerns
about the prospects of probabilistic climate predictions are raised. It is
recommended to clearly communicate the point as to why the KNMI choice of
discrete scenarios is preferable. These discrete scenarios come in the form of
plausible descriptive sketches of the consequences of global warming for the
Netherlands. Sketches that guide the users what to do when some climate future
happens. At the same time, it is recommended to pay explicit attention to what
can be told in a probabilistic sense already now, e.g. the likelihood of different
magnitudes of global mean warming conditional on the different Representative
Concentration Pathways (RCPs). Also, alert the users to what the potential of a
probabilistic approach is.

The question whether the end result is “fit for purpose” should be addressed
from the user perspective. It is all about providing the best assessment of future
climate change in the Netherlands, given current scientific knowledge and
constrained by the time and resources available. User requirements are
important, but so is scientific credibility. There is often a tension between the
two as users want more than scientists feel comfortable to provide. KNMI should
be confident to defend what has been done, also against a harsh audience.
Recognize and communicate that the scenarios are a snapshot of the current
scientific knowledge. Details may change when new model data become
available. KNMI should be transparent about the uncertainties and caveats,
especially those that cannot easily be quantified. From the user perspective there



is a clear need for simplifications. In many cases climate is not the main driver
of change. Often the adaptive capacity depends on other (e.g. socio-economic)
scenarios too. Having too many scenarios in total can be avoided by selecting
meaningful combinations.

The Advisory Board recommends to consider carefully whether KNMI wants to
develop, provide and communicate one or more very extreme scenarios in
addition to the more plausible scenarios currently planned. Such scenarios
(which cannot be based on models alone) have been proven useful in the
example of the Delta Committee scenario. The premises is that these additional
scenarios are correctly framed as “upper limit” scenarios for vulnerability
studies.

The Board encourages the KNMInext team to make the link to the emission
scenarios and/or RCPs used for the IPCC-ARj report as explicit as possible. It is
likely that these scenarios will be widely used in the next few years. Even if no 1
to 1 relationship exists, there is a clear benefit of linking the KNMI scenarios for
the Netherlands to the global story lines of future socio-economic development,
climate policies and adaptation strategies. This will also make the
communication about the scenarios as downscaled products of the findings in
the new IPCC report more easy.

It is noted that the choice of a North Atlantic pressure pattern as the second
steering variable for the structure of the four KNMI scenarios (besides global
temperature rise as the first steering variable) is not straightforward. More work
to understand the local drivers of the climate in the Netherlands is needed. A
clear motivation for a pressure based pattern to replace the more straightforward
strength of the westerly flow chosen in the KNMI'06 scenarios or another
precipitation related steering variable is currently lacking. In addition, possible
impacts of climate change in the Netherlands are connected to atmospheric
conditions over other regions than the North Atlantic. For example, river
flooding over the Rhine River is related to the conditions in the upstream area
(including in the Alps). Also here, a clear link to the chosen pressure patterns
has to be demonstrated.

The Board agrees with the suggested timing for scenario publication linked to
the publication date of the IPCC-AR 5 report from WG1. However, also noted is
the potential complication with the WG2 release date of March 2014 because
the WG2 report will include more regional information on Europe. Irrespective
of the exact publication date of the scenarios, it is recommended to explain
explicitly the added value of the AR5 information used for the KNMTI'1 3
scenarios over the AR4 information used for the KNMI’06 scenarios.

A clear explanation for the added value of downscaling is required, e.g. to
capture the coastal effects or small scale processes. Several different possible
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avenues for downscaling are being explored by KNMI at present, but it is
recognized that some might not work out. Therefore, there needs to be some
flexibility retained in the plan and possibly an increase in the amount of effort
spent on this topic.

The Board agrees that providing future weather like time series is a good
addition for many impact studies. However, KNMI needs to be careful when
providing (bias corrected) RCM output or high resolution GCM output directly to
users. There are many caveats when a single RCM or high resolution GCM
simulation is used to enrich each of the 4 anticipated KNMI'1 3 scenarios with a
future weather like series of pictures. Showing contrasted results from different
models might help to avoid overconfidence in one single projection. Probably
the best way to bring this forward is to explore the possibilities for a “good
practice” example working with one specific user group.

There has been some discussion on the added value of confronting model
derived information with observed trends (appealing to the monitoring role of an
NMHS such as KNMI). Explaining the differences (also related to comparing
forced signals to natural variability) is a key element here which should be
addressed in detail. Discounting one or more of the earlier KNMI'06 scenarios
because the trends in the temperature observations are (much) stronger than
extrapolation of the pathways for the scenarios for 2050 suggest is not
recommended. One reason is that scenarios are no predictions and therefore it is
fundamentally wrong to indicate probability of occurrence. Also, without robust
attribution statements of what caused the observed trends, it would be
dangerous to extrapolate the trends into the future even if the forcing was to
remain in the same direction.

Given the international background of the Board, the advise on international
cooperation is to explore what countries in Western Europe can do jointly with
respect to climate scenarios partly because of their shared geographical position
and/or culture. Already now, the scenarios developed in the countries bordering
the Netherlands make use of the same GCM and RCM simulations. Among the
other activities that can be handled jointly are facilitating access to generic
products and defining best practice for (statistical) downscaling approaches and
ways of user interaction.

On the request of the Advisory Board, the topic of Urban Heat Island (UHI) and
Land Use / Land Cover (LULC) changes was added to the list of discussion
items. KNMI needs to work with other groups in the Netherlands and abroad
which have assessed these potential changes. Most analysis are in the form of
case studies. A specific future task for KNMI could then be to develop long time
series which will help to distinguish UHI/LULC signals from GHG signals. This
work would benefit from active KNMI participation in regional reanalysis
projects. Although it is recognized that this will be very much work in progress
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next year, there is a clear need to include some information on this topical issue
in the KNMI'1 3 scenarios.

The Advisory Board commended the KNMI for establishing a dialog with users.
This is essential as both sides need some give-and-take and inevitably there are
compromises. Part of the dialogue is required to obtain a better understanding
of the way the climate change knowledge is perceived by the users. It is logical
that the scenario products/services are similar to the observation based
products/services which users are familiar with. This can help link the climate
change information to their daily practice. Changes in frequency distributions of
severe weather events are among the required products. So are tools for
transformation of observational time series or weather generators. These tools
should be accompanied with clear guidelines describing the caveats.

Finally, the Board notes that, in complex projects like this, things may not go as
planned, people might leave or get diverted and take their expertise with them
and the level of resources or the user-requirements might change. Hence KNMI
is advised to reserve the right to change the approach to the production of the
scenarios to react to such situations.
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Annex 2

Advisory Board Meeting for the KNMInext Climate Scenarios

Date: 5-6 June 2012
Meeting venue: KNMI, De Bilt, The Netherlands

Tuesday 5 June: Buys Ballot room

12:30 | Lunch
13:00 | Hein Haak Welcome
(Director Climate)
13:10 | Bert Holtslag Introductions around the room; meeting goals; task of the
(Chair, WUR) Advisory Board; review of the agenda; reporting plans;
practicalities
13:30 | Albert Klein Tank Introduction KNMInext scenarios
(short history; user profile; boundary conditions; international
context; current status and future plans)
13:50 | Bart van den Hurk GCM analysis and scenario framework
(drivers for climate change in the Netherlands; CMIP5 and
EC-Earth results; future weather)
14:10 Discussion
14:30 | Geert Lenderink RCM downscaling for the Netherlands
(RACMO simulations; sampling model output; spatial
gradients; scaling studies)
14:50 Discussion
15:10 | Afternoon break
15:40 | Geert Jan van Forum discussion on: representing uncertainties; link with
Oldenborgh, Jules Dutch Delta Committee scenario; links with socio-economic,
Beersma, Caroline land use and spatial development scenarios; requested
Katsman scenario variables and quantities; derived products including
time series; assessment of past and current trends
17:30 | Chair and AB members | Closed session for AB members
18:00 | Close
18:30 | Drinks followed by Restaurant “De Witte Zwaan”, Dorpsstraat 8

Diner

3732 HJ De Bilt, +31 30 221 01 25




Wednesday 6 June: Buys Ballot room

09:00 | Chair and AB members | Feedback from previous day; shortlist of additional topics for
discussion at 10:10

09:30 | Janet Bessembinder Scenario publication and user liaison
(outreach plan; collaborative projects with users in the
Netherlands; examples of tailoring)

09:50 Discussion

10:10 | Chair and AB members | Additional topics from the shortlist (introduced by KNMInext
project team members if necessary)

11:00 | Morning break

11:30 | Rapporteurs Summary of recommendations for the project

12:15 | Chair Reporting procedure and time schedule; Close

13:00 | Lunch

IO




Annex 3

Climate change in the Netherlands

Towards the KNMInext scenarios

— Scoping document —

Royal Netherlands Meteorological Institute
Ministry of Infrastructure and the Environment

22 May 2012

IT



Contents

I Scenarios rather than predictions..........c.coeceeeeeiininininiininenieeeeeeeeeeeeene 13
T.T ODJECHIVE euitiiiieiiieicirtctte ettt ettt ettt ettt et b ettt b et nes 13
I.2 FIaming ... I3
1.3 Time line, resources, and (inter)national CONtEXt ......cceevevveererierirenenieinerieeeenes 14
I.4 Previous generation KNMI SCENATIOS .......ccceriiiiiiiiiiiiiiiiniiciciccceccien I5
1.5 Representing uncertainties in the climate system........ccooceevevnenicccinncccccnnnns 18
1.6 Link with Dutch Delta Committee SCENATIO.......cevuruerirueireeerieieireereeereeee e 18
1.7 Links with socio-economic, land use and spatial development scenarios............... 19
T.8 TASKS ettt 20

2 Preliminary reSULLS .......cc.oieuieiiriiiiniiciecectc ettt ettt 22
2.1 USET HAISOM . .cuvviiiiiiiicicicicitccc ettt 22
2.2 Requested scenario variables and qUANtIties.......cocecveveruerieeeenieiieieesee e 23
2.3 GCM analysis and scenario framework..........coccceeveeneenincnnincnncrccceeeene 24
2.4 RCM downscaling for the Netherlands .......cc.coceoveneniininennininncecreeee 27
2.5 Derived products including time Series........cccoeevueerireinieiniricninieiniecreereeseeeneenene 29
2.6 Assessment of past and current trends ........cocoeceveeererineenncrne e 30

RETETEIICES ...ttt ettt st b e sa st s b et nens 33

I2



1 Scenarios rather than predictions

1.1 Objective

This document describes the roadmap towards the next generation KNMI climate
scenarios for the Netherlands. These KNMInext scenarios will update the current
KNMTI’06 scenarios published in 2006. The main deliverables will be a scientific report,
brochure, and website. These deliverables together address both the professional user
community and the general public. In addition, several scientific papers will be
published.

The following sections of Chapter 1 deal with the process of scenario development and
the wider context. Some preliminary results are provided in Chapter 2. At the end of each
section some pending questions are highlighted for which we seek advice from the
Advisory Board members. These items for discussion will be further articulated in the
presentations on 5 and 6 June 201 2.

1.2 Framing

KNMI climate scenarios are consistent, plausible and coherent pictures of the future
climate of the Netherlands. They provide information for vulnerability studies and
adaptation planning. The scenarios are intended to explore possible futures as guidance
for informed decision making under uncertainty by local, provincial and national
governments in the area of, among others, spatial planning, national security and water
management. The scenarios also enable learning about the adequacy and effectiveness of
policy options (Haasnoot and Middelkoop, 201 2).

In response to user demands, KNMI climate scenarios consist of a limited number of
discrete scenarios rather than a full probabilistic prediction framework. KNMI aims for
one set of generic climate scenarios that suits a wide range of users. Based on the current
knowledge these scenarios describe the bandwidth of likely future climates. This
bandwidth is mainly provided by the range of climate model responses to external forcing
in the CMIPj5 project (http://cmip-pcmdi.llnl.gov/cmips/ ). The generic scenarios
facilitate integration and valid comparisons of subsequent risk, cost/benefit and
vulnerability analyses. The provision of additional climate information tailored to
individual customers is a KNMI task, but not part of the KNMInext project.

Although the construction of the KNMI scenarios follows a typical top-down information
chain approach (from IPCC emission scenarios to a range of climate projections to a set
of downscaling steps to statistical post-processing at the local level to potential impacts),
the scenarios are designed to serve as a benchmark for bottom-up application in different
sectors of society (Wilby and Dessai, 2010; Van den Hurk et al,, 201 2). This bottom-up
procedure or “adaptation tipping point analysis” (Kwadijk et al., 2010) essentially follows
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a reversed chain of analysis (from potential impacts/thresholds that preferably need to be
avoided to an assessment of corresponding climate characteristics that lead to these
impacts to climate projections that determine whether or when these conditions can be
expected). In this bottom-up procedure climate change is only one of the drivers for
adaptation next to socio-economic and spatial development.

pending questions:

o Isthe way KNMI frames the generic scenarios as discrete pictures of the future
climate adequate and fit-for-purpose?

1.3 Time line, resources, and (inter)national context

The release of the KNMInext climate scenarios is planned for the autumn of 201 3. This
coincides with the publication of the WG 1 report of the IPCC-AR 5. The scenarios can be
regarded as a translation of the newest future climate projections to the local scale of the
Netherlands.

The KNMI scenarios form part of the baseline scenarios of the Delta Programme, which
is the successor of the Delta Committee (see Section 1.6). Important decisions in water
management are planned for the autumn of 201 3. The preparatory calculations have
used the KNMIo6 scenarios, but the updated KNMInext scenarios will be taken into
account when selecting preferential adaptation strategies in the Delta Programme
process.

The estimated total effort spent on developing the KNMInext scenarios over a three year
period (mid 2010 — mid 201 3) is roughly 240 person months (or 20 person years). In
addition to funding from the Ministry of Infrastructure and the Environment (under
which KNMI resides), funding is used from several EU-projects and three national
programmes: Sustainable Earth from the Netherlands Organisation for Scientific
Research (NWO, 2012), Climate Changes Spatial Planning (CCSP, 2011) and
Knowledge for Climate (KfC, 201 1).

Unlike other countries who have recently developed national climate change scenarios
(Jenkins et al., 2009; CH2o11, 201 1), KNMI has traditionally used the global
temperature rise as a basis/driving variable, rather than emission scenarios. The
motivation is that global temperature rise provides a better insight in the combined
uncertainties about greenhouse gas emissions (and the socio-economic scenarios behind
them) and the response of the climate system. The development of the KNMI scenarios
resembles the approach followed in Australia (CSIRO, 2007; Whetton et al., 201 2).

It has been recognized that the differences in scenario approach between countries in
Europe sometimes limits the comparison of vulnerability studies and adaptation
strategies. This is a complicating factor in particular for water management in the coastal
zone and in the Rhine—Meuse delta. KNMI has close contacts with Belgian and German
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colleagues about mutual coordination of the climate scenarios for these basins (see e.g.
Goergen et al., 2010). For Belgium, this has lead to a joint project, in which scenarios for
Flanders are linked up with the KNMI’o6 scenarios (Demarée et al., 2008). For
Germany, the current situation is more fragmented. Activities are under way to devise a
strategy to come to European Climate Services, including harmonized scenarios for
Europe, e.g. as part of the EU-FP project ECLISE (http://www.eclise-project.eu/ ) or the
JPI Climate (http://www.jpi-climate.eu/ ). However, this strategy won’t be implemented
before publication of the KNMInext scenarios in the autumn of 201 3.

pending questions:

e How useful is aligning the timeframe of the KNMInext scenarios and the IPCC-
WG reports?

e Should KNMI invest more in further integration of the scenarios from different
countries, e.g. for the Rhine and Meuse river basins or for the North Sea area?

1.4 Previous generation KNMI scenarios

After some pioneering first order assessments of climate change at the national level
(Konnen, 2001), the most comprehensive KNMI scenarios to date have been published
in 2006 (Van den Hurk et al., 20006; Van den Hurk et al., 2007). The KNMI'06
scenarios were based on an integrated assessment of state-of-the-art climate projections
from CMIP3 GCM simulations prepared for the IPCC-AR4 (IPCC, 2007), downscaled
data from a suite of RCMs (Jacob et al., 2007; Lenderink et al., 2007), local observations,
and a regionalization exercise of the IPCC sea level rise scenarios (Katsman et al., 2008).

The KNMTI'06 scenarios consist of four descriptive pictures of climate change in the
Netherlands (Figure 1) expressed as a set of change factors for a number of relevant
meteorological variables (temperature, precipitation, wind and sea level; Table 1). The
change factors are for different statistical moments (allowing changes in the mean to be
different from changes in the extremes) around 2050 and 2100 relative to the reference
period around 1990 (1976-2005). Together, these four scenarios describe the range of
most likely changes conditioned on the range of outcomes of CMIP 3 models. The
differences between the scenarios are indicative of the uncertainties. No quantitative
likelihood statement has been assigned to the individual scenarios.
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Figure 1: Classification of the four KNMI’06 scenarios.

G+
+1°C
yes

Global temperature rise
Change in air circulation patterns

Winter? average temperature +0.9°C +1.1°C +1.8°C +2.3°C
coldest winter day per year +1.0°C +1.5°C +2.1°C +2.9°C
average precipitation amount +4% +7% +7% +14%
number of wet days (= 0.1 mm) N4 +1% 0% +2%
10-day precipitation sum exceeded
once in 10 years +4% +6% +8% +12%
maximum average daily wind
speed per year 0% +2% -1% +4%

Summer?® average temperature +0.9°C +1.4°C +1.7°C +2.8°C
warmest summer day per year +1.0°C +1.9°C +2.1°C +3.8°C
average precipitation amount +3% -10% +6% -19%
number of wet days (= 0.1 mm) E¥& -10% -3% -19%
daily precipitation sum exceeded
once in 10 years +13% +5% +27% +10%
potential evaporation +3% +8% +7% +15%

Sea level absolute increase 15-25 cm WEFEANG M 20-35 cm 20-35 cm

Table 1: Change factors in the KNMI’o6 scenarios for the climate around 2050,
compared to the baseline year 199o0.
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The scenarios differ in the degree of global temperature rise and the degree of change in
atmospheric circulation patterns above the Netherlands. The W/W+ scenarios are
characterised by a strong increase in the global mean temperature, whereas this increase
is moderate in the G/G+ scenarios. In the G+/W+ scenarios, a change in the atmospheric
circulation above the Atlantic Ocean and Western Europe leads to extra warm and wet
winters, whereas the summers are extra warm and dry. In the G/W scenarios, the
influence of circulation changes is small.

The four scenarios emphasize the location of the Dutch delta in a transition zone with a
pronounced increase of wintertime precipitation projected for Northern Europe and a
decrease of summertime precipitation projected for Southern Europe. Aspects of both
features appear in the four scenarios for the Netherlands. Note that the uncertainty in the
signature of this change in the transition zone is also related to the strong interannual
variability of present-day seasonal precipitation and temperature in the Netherlands
linked to atmospheric circulation conditions.

The present-day climate of the Netherlands is also characterised by gradients across the
country. However, in the KNMI’o6 scenarios no difference is made in the climate change
signal between the different parts of the country. Neither are local features such as
changes in the urban heat island effect included. The KNMI'06 scenarios assume that the
regional differences and the urban heat island effects in the climate of 2050 and 2100
will be similar to the spatial differences that occur under present-day conditions. Since
20006, evidence for regional differences in climate change has grown, in particular in the
precipitation climate between the coastal area and inland (see Section 2.4). The
KNMInext scenarios will include spatial differentiation to a certain extent.

The KNMTI'06 scenarios served a wide range of sectors vulnerable to summer droughts
(e.g. agriculture), seasonal floods (e.g. water management), and wind storms (e.g. coastal
defence). The climate variables included in the KNMI'06 scenarios were chosen in close
cooperation with stakeholders from these vulnerable sectors. Examples are multi-day
precipitation extremes which drive the high discharge levels in the Rhine and single day
or even single event precipitation extremes as boundary conditions for water table
management at the polder level and sewage design in urban areas.

The KNMI'006 scenarios received a legal status in the National Water Plan (NWP, 2009)
in which the safety tasks for the national and regional water systems are regulated
between the national and local governments. Also the Delta Committee / Delta
Programme (see Section 1.6) and many other sector-specific applications use KNMI'o6
as a reference.

pending questions:

e How important is continuity (in approach and/or outcome) from one generation
KNMI scenarios to the next?
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1.5 Representing uncertainties in the climate system

Like almost every prediction for the future also predictions of the future climate in the
Netherlands are uncertain. There is uncertainty about socio-economic developments,
solar activity, volcanic eruptions, model uncertainty, natural variability, uncertainty
related to the downscaling of the projected changes from global to regional to local scale,
etc. Also, potentially important processes in the climate system, such as the accelerated
melt of ice sheets due to dynamical processes and the climate feedback mechanisms
associated with biological and chemical processes, are difficult to quantify. The models
used for KNMI'o6 did not include these processes. The current generation climate
models, which are used for the IPCC-ARj5, and which act as input for the next generation
KNMI scenarios, include these processes partially.

Consistent with our earlier approach, for KNMInext the choice has been made to develop
a limited set of discrete scenarios to represent the uncertainties rather than probabilistic
predictions. To account for known processes not included in the models, use will be
made of subjective expert judgment in the scenario construction process. Expert
judgement will also be used to deal with the limited sample of model simulations
available for scenario development (see Section 2.3) and questions about model skill and
model reliability (see Section 2.6). In an attempt to avoid the tendency towards
overconfidence, KNMI involves a wide range of scientists and studies.

pending questions:

e Does KNMI rely too much on climate model projections for the scenarios rather
than expert judgment?

1.6 Link with Dutch Delta Committee scenario

Intended as ‘a reference for long-term (2100 and later) robustness tests of required
measures and investments’, the Delta Committee (2008; see also Kabat et al., 2009)
issued an extreme climate scenario for local sea level rise at the Dutch coast. KNMI has
contributed substantially to this work (Katsman et al., 2008; Katsman etal., 2011) in
which a semi-objective procedure was followed by asking an international team of experts
to provide a consensus view of the plausible high-end sea level change in 2100 and
beyond (Vellinga et al., 2009).

For 2050, the Delta Committee makes use of the KNMI'06 scenarios, but for 2100 the
Delta Committee emphasises the upper limit of the possible melting and calving of the
ice sheets of Greenland and Antarctica. This limit is significantly higher than the most
likely contribution that KNMI accounts for in the KNMI'06 scenarios. For the generic
climate scenarios of KNMInext which are targeted at a wide range of users, the work of
the Delta Committee represents useful input.
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More importantly, the Delta Committee emphasised the gradual evolution of sea level rise
over time, and recommended an adaptive approach, each time responding to the actual
rise taking place. The Delta Committee further illustrates the use of subjective expert
judgment in the scenario construction process.

pending questions:

e What lessons can be learned from the Delta Committee extreme scenarios?

1.7 Links with socio-economic, land use and spatial development scenarios

Climate models make use of projections of future emissions of greenhouse gasses and
dust particles (aerosols). Associated with these projections are story lines of how the world
population, economy and technology will develop. These socio-economic scenarios cannot
be coupled one-to-one to the KNMI climate scenarios, but consistency between these
scenarios is required. Because KNMI intends to cover a large part of the total uncertainty
(emission plus model uncertainty) with the climate scenarios, global temperature rise will
again be chosen as the starting point for the scenario classification rather than emission
scenarios. The choice of global temperature instead of local temperature is motivated in
Chapter 2.

By means of the global mean temperature, an indirect relationship between the KNMI
scenarios and emission scenarios can be established. This involves estimating a
“likelihood of occurrence” given future GHG emissions. For example, each of the four
KNMTI’06 scenarios may occur under each IPCC emission scenario for 2050. For 2100,
the G/G+ scenarios (2°C global temperature rise) are most representative for a low B1
emission scenario under an average estimate for the climate sensitivity, whereas the

W /W+ scenarios (4°C rise) are more likely under a high A1FI scenario.

A similar mapping exercise is foreseen for the KNMInext scenarios and the RCPs used
for the CMIP 5 simulations. The exact implementation of this coupling to the RCP’s is not
defined yet. A qualitative rather than a quantitative matrix is anticipated (e.g. ‘Scenario A
is most likely under RCP2.6 and less likely under RCP8.5’; Figure 2). It is logical that the
statements are based on the spread of the scenario steering variables within the range of
models constrained by a given RCP (see Section 2.3).
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RCP 8.5

scenario 1 Likelihood
scenario 2 - high
scenario 3 medium
scenario 4

extreme sea level scenario very unlikely

]
- low
L]

extreme weather scenario

Figure 2: Sketch of the coupling between KNMInext scenarios and RCPs. Qualifications
are indicative, for illustration purposes only.

pending questions:

e To what extent does KNMI need to quantify the link between the KNMI climate
scenarios (which are based on global temperature rise) and emission
scenarios/RCPs?

e How can the KNMI climate scenarios be linked to land use scenarios and spatial
development scenarios?
1.8 Tasks

The KNMInext scenario development work consists of a large number of tasks. A detailed
work plan has helped to structure the work and allows for monitoring of overall progress.
In summary, the work consists of the following categories of activities:

1) User interaction;
2) Requested scenario variables and quantities;
3) GCM analysis and scenario framework;

4) RCM downscaling for the Netherlands;
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5) Derived products including time series;
6) Assessment of past and current trends;

The results obtained so far for each category are discussed in Chapter 2.
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2 Preliminary results

2.1 User liaison

Besides scientific progress, the set of KNMInext scenarios are further shaped by new or
updated user demands for climate information. An inventory of these user demands has
been made by consulting the most important user groups on several occasions as part of a
systematic dialogue. Earlier this year, professional users of scenario information from
different sectors were invited to workshops about the process towards the KNMInext
scenarios on 14 February and 8 March 201 2. Participants were asked to provide
recommendations for the presentation of the new scenarios, for additional products and
for examples of downstream application of the scenarios in their sector. The workshops
were a continuation of the series of stakeholder workshops organized in the spring of
2010 which focused on the user needs. The next series of stakeholder workshops (about
the outcomes and scenario presentation) are planned for the spring of 201 3.

It is our experience that the consultation process results in a better mutual
understanding, thanks to the personal communication between climate scientists and
users of climate information. For climate scientists it has become clearer which climate
data are needed in applications. They also gain understanding of the importance of
climate data for various user groups and of the way climate information is conceived. For
users it has become clearer which possibilities exist to generate fit-for-purpose climate
data, what the advantages and disadvantages of probability distributions are, and in which
way uncertainties are represented. User groups were also motivated to critically
reconsider their list of requests, especially those requests which are difficult to comply
with.

In addition to face-to-face contacts, a series of scenario newsletters has been issued in
2011 and 2012. Among others, these newsletters inform the user community in the
Netherlands about the status of their information requests, and about the roadmap
towards the next generation KNMI climate scenarios. Also, a user forum has been
established which provides feedback on the KNMInext activities several times per year.

The most intense user contacts stem from the joint projects which have been run with
users from different communities in the framework of the Climate Changes Spatial
Planning (CCSP, 201 1) and Knowledge for Climate (KfC, 201 1) programs and with the
water management community within our Ministry. A long history of joint research
activities has led to clear articulation of the requirements and the possibilities for scenario
information.

pending questions:

e Are the efforts of interacting with the user community adequate and efficient?
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e What can KNMI gain from further intensification of user liaison and what
additional mechanisms should KNMI explore to enhance user feedback?

2.2 Requested scenario variables and quantities

Traditionally, most users require scenarios for temperature, precipitation, wind and sea
level. In response to more recent user demands, scenarios for additional variables such as
humidity, visibility, solar radiation, evaporation and air quality are also being explored
now. Instead of providing a table with change factors for the means and moderate
extremes only, some users require time series and probability distributions (in particular
of extremes) for the future climate or descriptions of extreme events under future
conditions.

KNMI explores derivation of representative time series of ‘future weather’ from special
climate model simulations that are associated with a particular climate scenario
(Hazeleger et al., 201 2). If successful (see Section 2.4), this will provide a more complete
and consistent picture of the future climate, including year-to-year variations, and realistic
realizations of for example long-lasting heat waves (relevant for health conditions), multi-
day precipitation extremes (relevant for the peak discharges of the rivers Rhine and
Meuse) and compound extremes such as coincident wind storms and high river
discharge.

Statements about the probability distribution of a variable under future climate conditions
may be provided in a meaningful way for some variables at large spatial scales. For
example, the global temperature rise depends primarily on the emission scenario used
and the climate sensitivity. These can be quantified on the basis of an ensemble of model
simulations. For local changes in the Netherlands many more factors are important. Thus
probabilities can be determined less easily. This holds in particular for statements about
changes in the probability of rare events, which are frequently used in water
management, among others.

In 2009 the KNMI'06 scenarios have been supplemented with probabilistic information
about annual precipitation for durations of one hour up to 10 days for different return
periods, both for the present-day climate and for 2050. Rather than probabilistic
information about the change factor, the information provided constitutes probabilistic
information under present-day and scenario conditions. The values for the present-day
conditions have been derived from the historical record. The values for the 4 scenarios
have been derived from transformed observational series (see Section 2.5). For
KNMInext a similar approach is planned but providing a more complete set of extremes
statistics (see e.g. Klein Tank et al., 2009). Ideally, these will be model based rather than
derived from observations after transformation. Because computer power is still limited,
expanding the number of model simulations to derive probabilistic statements comes at
the expense of the spatial resolution of the model simulations and therefore at the
expense of spatial detail (which is also much requested).
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Finally, for questions related to investments it is important to know when the climate will
have changed such that measures have to be taken or existing policies have become
inadequate. For this purpose, transient scenarios are required rather than scenarios with
a fixed time horizon (such as 2050 and 2100 in the KNMI'06 scenarios). In addition,
there is demand for information on current trends, (natural) weather variability and
decadal predictions for the coming 10 to 20 years. For KNMInext, information on the
entire trajectory from now until 2 100 will be provided, but for presentation purposes the
near-future (the next 20 to 30 years) and far-future (around 2 100) will be highlighted
separately in the publications.

pending questions:

e How should KNMI deal with the strong demand for spatial details which we do
not even know under present-day climate conditions?

e How should KNMI deal with the strong demand for more probabilistic
information for risk management?

e Should KNMInext incorporate information about decadal predictions for the next
5-15 years?

2.3 GCM analysis and scenario framework

The KNMInext scenarios utilize the extensive results from the CMIP 5 model ensemble
which includes the KNMI global climate model EC-Earth. First analyses of these GCM
simulations indicate that there is no reason to change the KNMI’'06 approach drastically.
What will change is that a new and more robust procedure is developed to extract the
governing steering variables from the CMIP 5 projections that can be translated into
regional climate change indicators for Western Europe. Similar to the KNMI'o6
approach, the steering variables are expressions of projected changes in global mean
temperature and large scale atmospheric circulation. As before, the focus is on the broad
picture of drivers for local changes in seasonal mean temperature and precipitation.

The steering variables in the KNMInext scenarios need to reflect a maximum spread of
relevant local climate variables, linked to realistic change patterns in the model
projections. The disadvantage of the KNMIo06 steering variables “global temperature” and
“strength of the west component of geostrophic wind over Western Europe” is that these
variables are not optimally correlated to the local climate variability, and that many
phenomena are not well described by the simplistic representation of the atmospheric
circulation. An alternative approach is proposed for KNMInext.

The starting point remains that a two-axis matrix of scenarios is constructed, where the
axes span a large portion of the local variability. Although the link between this two-axis
structure and the (one-dimensional) RCP-chain is not straightforward, it allows more
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variations of local climate indicators than scaling with temperature alone. Experience with
KNMTI’'06 is that this structure is well appreciated and understood. The additional
advantage is that the main customers do not have to adapt to an entirely new scenario
structure.

The two axes are marked by a temperature/climate sensitivity scale (the global climate
tfeedback), and a local climate feedback scale. This local feedback can be induced by
atmospheric circulation or aerosol /radiation/cloud interactions. The exact definition of
the steering variables based on the CMIP 5 model ensemble is different from KNMI'06.

A large number of CMIP 5 simulations is now available via the KNMI Climate Explorer
(climexp.knmi.nl). Spread over 4 RCPs up to 70 GCMs have been running between
1950 and 2100, with a large number of GCMs producing multiple ensemble members
for each RCP. The total number of ensemble members is approximately 19o0. These have
been used to define the steering variables in an optimal way. To allow inspection of the
applicability of EC-Earth time slices for further high resolution downscaling, special
attention is given to the position of the EC-Earth members in the GCM plume.

For temperature, the global mean temperature change explains a large fraction of
variance of projected local temperature change (the grid point closest to De Bilt, 6°E,
51°N). The explained fraction of variance increases slightly when a temperature pattern
in the Euratlantic region is used as steering variable. The projected changes are all
defined as the difference between the projected seasonal mean temperature in 2071 —
2100 relative to the model projection for 19776 — 2005. In this pattern, in all seasons
land warming clearly exceeds ocean warming, and a muted response in the NW Atlantic
SST is evident. In JJA a N-S gradient in warming across the European continent is
evident, whereas the high-latitude warming and a NE-SW warming gradient are most
pronounced in the DJF and MAM seasons.

The close relationship between global warming and pattern strength implies that the role
of changes in atmospheric circulation play a minor role in the local temperature response,
which was already suggested by earlier analyses using CMIP 3 model output. As a result,
the choice of temperature steering variable is not critical. Choosing the global mean
temperature is easy to explain, and makes coupling to RCPs straightforward. The choice
of the pattern strength has the benefit that response features in the European
surroundings affect to some extent the local temperature response, which may help in
anecdotic explanation of the corresponding scenarios.

For the local feedback variable, the situation is more complex. A wide variety of local
relevant climate indicators exist (such as mean temperature/precipitation, extreme
(multiday) temperature/precipitation, drought duration/cumulative evaporation, extreme
wind, etc.). Each of them is differently related to local feedbacks. A thorough analysis of
all these possible mechanisms (and their interactions) has not yet been carried out.
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The CMIP 5 analysis results indicate that a fruitful approach is to derive the local feedback
steering variable from the relationship between mean sea level pressure response and
local precipitation response (as in KNMI'06). In all seasons a stronger local precipitation
response is induced by a low pressure response North of the Netherlands, and a small to
high pressure response in the South. The orientation of the pressure features varies
across the seasons, but anomalous advection of moist Atlantic air is a key feature in all
seasons. The strength of these pressure features is proposed to serve as our steering
variable of interest. A formal analysis of the variance of the ensemble mean responses
and individual ensemble members reveals that approximately 50% of the range in
projected sea level response is related to natural variability (for global mean temperature
response this fraction is less than 5%).

Haarsma et al. (201 2a; 201 2b) studied the mechanisms of the changes of sea level
pressure in the CMIP3 and CMIP5 models. It appears that changes in tropical surface
temperatures affect the entire troposphere and affect the westerly circulation through
thermal wind balance. Also, using a barotropic model they could explain the respons of
the meridional winds in the midlatitudes. The understanding of the physical mechanisms
adds to the plausibility of the scenarios.

Two of the 70 GCM simulations concern the EC-Earth runs for RCPs 4.5 and 8.5. For
each of these runs 8 members are available. In the time series of these simulations
(Figure 3) one can clearly discern a considerable interannual variability of the strength of
the steering variables. Also in the 30-yr filtered time series the (natural) variability is still
present. This allows for selection of episodes representative of a relatively low or high
value of the steering variable appropriate for further downscaling. For this, we need to
take into account that EC-Earth shows a relatively mild response, both in temperature and
in pressure. RCP&. 5 clearly shows a summer drying signature, and warming is evident in
all seasons and stronger in RCP8.5 (it tends to level off in the second half of the 215t
century in RCP4.5).

26



Steering variables JJA

dTglal
2
|

Figure 3: 30-yr running means of the steering variables global mean temperature
response (left) and the strength of the mean sea level pressure pattern response (right) for
70 ensemble GCM projections divided over 4 RCPs (grey) and individual ensemble
members of two EC-Earth projections for different RCPs (coloured). Plots are for summer

(JJA)-

The KNMTI'06 scenarios describe only a small influence of climate change on the wind
storm climate of the Netherlands. This picture is confirmed by new research (Sterl et al.,
2009). Models provide evidence that the natural fluctuations in the wind storm climate
are larger than the changes caused by the greenhouse effect.

Preliminary analysis results indicate that there is no clear change in wind storms over the
North Sea area in the CMIP 5 projections. The results are not much different from the
wind storm analysis of CMIP 3 projections (Sterl et al., 2009).

pending questions:

e Should KNMI base the scenarios on the newest CMIP 5 simulations only or can
we still use CMIP 3 generation simulations?

e Do the GCM projections provide resolutions high enough for deriving information
on the future wind climate in the North Sea area, and on the spatial gradients of
change in the Rhine basin?

2.4 RCM downscaling for the Netherlands

The intention is to downscale several GCMs using the KNMI regional climate model
RACMO in order to derive the relevant local change factors for each discrete scenario and
provide the desired high resolution simulations of future weather. Computer resources
allow for dynamical downscaling of a few GCM simulations only. KNMI has selected 8
simulations with the EC-Earth model which show clearly different characteristics in terms
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of the steering variables. Half of the simulations are for the RCP4.5 runs and the other
half for the RCP8.5 runs.

In case no representative simulations can be found for each discrete scenario or the
spread in the selected EC-Earth simulations turns out to be too narrow compared to the
entire ensemble of all CMIP 5 simulations, the first fall-back option is to select particular
decades or years from the available RCM simulations on the basis of the values for the
steering variables in these years. This sampling is complicated by the fact that consistency
is required for different seasons and variables. The drawback of this approach is that
subjective choices in the selection procedure may significantly affect the statistics of the
required scenario quantities (in particular the extremes). The experience in KNMI'06
(Lenderink et al., 2008) shows that such a procedure is suboptimal.

The second fall-back option in case no GCM simulations for each discrete scenario can be
identified for downscaling is to perturb the driving GCM. Attempts in this direction using
SST perturbations have been promising, but unfortunately no adequate results have been
obtained for all seasons and variables. A third fall-back option is the use of existing EU-
FPG-ENSEMBLES simulations. In conclusion, finding the optimal GCM boundaries for
downscaling corresponding to each scenario remains a challenge.

RCM simulations are also used to analyse the potential for spatial variation in the
scenarios. In earlier work KNMI has shown that the temperature of the North Sea has a
discernable influence on the precipitation distribution in the Netherlands. Observations
show that the coastal area has on average become wetter during late summer and autumn
compared to the inland area. Lenderink et al. (2008) provide evidence that, under certain
air circulation patterns, up to 1 5% more precipitation can fall along the coast per degree
Celsius temperature rise of the North Sea. These are mostly conditions in which cold and
unstable air is transported over a warm North Sea. This effect is strongest up to about 30
km inland, and occurs in particular in the second half of the summer and in the autumn.

For the KNMI'06 scenarios, the starting point was one single value for the temperature
and precipitation changes for the whole of the Netherlands. The climate models used for
these scenarios did not include a realistic description of the local temperatures of the
North Sea water. Also, the spatial resolution used for the scenarios was insufficient to
distinguish coastal precipitation from precipitation inland. Work is underway to perform
long climate simulations with RCMs in which the effect of the North Sea water is
realistically simulated. The results of this work will feed into the KNMInext scenarios.

pending questions:
e Does the downscaling provide meaningful spatial detail or should KNMI focus

attention more on RCM simulations that help understanding of local changes in
severe weather and extremes?
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e Should KNMI present the climate change signal and natural variability separately
(if possible) or combined in representative time series for the future climate?

2.5 Derived products including time series

The KNMTI'06 scenarios have been constructed by combining the results of different
climate models. Therefore, no climate model exists for which the results exactly agree
with one of the KNMI'o6 climate scenarios. For KNMInext, we aim to identify at least
(selected parts of) one downscaled model simulation for each scenario. There is no
guarantee that this will be successful. And even if it is comparison with observations has
shown that (downscaled) climate models often contain systematic errors in the quantities
that matter for applications. These are large enough to make the simulated time series
inadequate for direct use in impact studies.

Because many studies on the effects of climate change make use of meteorological time
series of temperature, precipitation amount, etc. on subsequent days, and KNMI'o6
provided a table of change factors only, time series for the future have been derived by
adjusting local time series from the past. This was done in such a way that the
transformed series match a chosen climate scenario for a selected time horizon (see e.g.
Bakker et al., 201 1). In the new time series, not only the seasonal averages are brought in
agreement with the scenarios, but also the (moderate) extremes. A software program has
been developed and made available through the Internet
(climexp.knmi.nl/Scenarios_monthly/) which performs this transformation for daily
values of temperature and precipitation. A full description of subsequent versions of this
tool has recently been completed (Bakker and Bessembinder, 201 2). Recently, a more
advanced method has been developed which takes into account the projected changes in
different quantiles of the distribution.

A consequence of the method used for time series transformation is that the time series
for the future still contains many characteristics of the historical record. For example, the
sequence of warm and cold days remains unchanged. The same holds for the sequence of
dry and wet days, even though the change in the number of wet days has been taken into
account. Using the tool has shortcomings for studies in which changes in for example the
length of dry spells, multi-day precipitation extremes, or warm and cold spells are
important. These shortcomings are recognized and their effect is described in detail in
Bakker and Bessembinder (201 2). Work is underway to further improve the time series
transformation tool. Whether KNMI will keep this tool for its main customers or whether
KNMI will recommend the alternative in the form of representative time series of ‘future
weather’ derived from special RCM simulations is still an open question.

Another add-on request to KNMI'06 was information on sub-daily precipitation extremes.
Sub-daily precipitation extremes are a high impact quantity leading to sewage problems,
flash floods, and construction damage. In particular the urban environment is very
sensitive to short duration precipitation extremes. For practical applications it was often
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assumed that the hourly intensities increase at the same rate as the daily amounts
provided in KNMTI'06. Subsequent analysis has shown that it is likely that this
assumption is invalid for extreme showers during summer. Analysing a large data set of
observed hourly precipitation both in De Bilt (Lenderink and Van Meijgaard, 2008) and
in Hong Kong (Lenderink et al., 201 1), the dependence of rare heavy precipitation events
on surface dewpoint temperature turned out to be much stronger than generally obtained
in RCM (and GCM) simulations. Not only the precipitation intensity can strongly increase
with temperature, it is also likely that other phenomena that are closely linked to showers,
such as hail, thunderstorms, wind gusts and tornadoes, will increase in strength and/or
occur more frequently. More information on these sub-daily phenomena is foreseen in
the KNMInext scenarios (based on empirical evidence, model simulations and expert
judgment).

pending questions:

e Isthe use of tools for time series transformation (or statistical weather generators)
a fruitful direction to avoid complicated model bias correction procedures?

e How should KNMI deal with the demand for concurrent time series (e.g. the
chances of coincident windstorms and high precipitation events)?

2.6 Assessment of past and current trends

The stronger focus on the near-future (coming 20-30 years) in the KNMInext scenarios
makes that it is important to confront the projections with the observed trends. In
addition, some of the projected trends are now large enough to be detectable in the
observations. For these reasons, the KNMInext scenario work includes an assessment of
observed change. Also, an assessment of observed (natural) variability and a comparison
with model simulated variability becomes more important for earlier time horizons. Is
decadal scale variability well represented in the models?

Based on observations, Van Oldenborgh et al. (2009) found that the temperature in the
Netherlands and surrounding countries has increased twice as much as the global
average over the past decades. Several causes for the stronger warming in the Netherlands
can be identified. For winter, there is an increase in westerly winds (possibly related to
ocean processes). For summer, there is an increase of incoming solar radiation due to a
decrease in cloudiness, which is likely caused by drying over the continent, and due to a
decrease in air pollution (less dust particles). These processes are not well simulated in
climate models, and therefore the difference between the global temperature rise and the
local warming in the Netherlands in the past 50 years was systematically underestimated
in the CMIP 3 ensemble. First results indicate that also in the CMIP 5 simulations the
local warming in the Netherlands is underestimated.
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The stronger warming in the Netherlands is partly caused by factors that cannot be easily
extrapolated into the future. The mechanisms behind the increase in westerly winds are
not yet fully understood, and it is therefore unclear whether this trend will continue at the
same rate. The same applies for the decrease in cloudiness. KNMI can be more certain
about the decrease in air pollution. It is unlikely that the air will continue to become
cleaner with the same rate of change. In the observations almost no decrease in the
concentration of dust particles has been observed after 2000 (Vautard et al., 2009; Van
Oldenborgh et al, 2010). A complicating factor is that the CMIP 5 model calculations may
use too low emission scenarios. As a result the temperature response may be
overestimated.

For the scenario development process it is important to note that the observations
discussed above may indicate that the lowest temperature scenarios should be discounted.
Whether KNMI will do this is still an open question.

For average precipitation and moderate extreme precipitation, there is evidence of change
in Europe over the past decades too (Van Haren et al., 2012). The trends for the
Netherlands are different for different parts of the country. The annual precipitation has
increased by 30-3 5% along the coastline and by 10-25% in the east and south-east over
the 100-year period 1910-2009 (Buishand et al., 2012). The number of days per year
with high rainfall amounts shows an even stronger percentage increase in this period.
Since 1950, the precipitation thresholds which are exceeded on average once per year in
the Dutch records have increased by about 10%. For more extreme events (I1x per 10
years and 1x per 100 years), no significant changes can be detected in the observations
(yet). Similar trends are seen at stations in the border areas of Germany and Belgium.

Preliminary comparisons of precipitation trends with CMIP 5 simulations show that in
winter the underestimated trend in atmospheric circulation in the models results in too
low precipitation increases in Northern Europe and too low decreases in Southern
Europe. In summer, it islikely that an underestimated trend in sea surface temperature causes
an underestimated precipitation increase along the coast line in the models. Although the
observed local precipitation trends for the Netherlands are generally underestimated in
the CMIP 5 simulations (according to preliminary results), the trends in precipitation are
in general agreement with the KNMI'06 scenarios but a more precise quantitative
comparison is still pending.

Apart from the observed trends, it is important for adaptation purposes to note that,
significant regional differences exist in extreme precipitation under current climate
conditions. The spatial differences in extremes deviate from the differences in the total
precipitation amounts in a year (Buishand et al., 2009). For the extreme daily
precipitation amounts that are exceeded with a probability of once in 10 years, the
differences between the most wet and dry parts of the country are currently almost as
large as the changes in the KNMI’o6 scenarios for 2050. Station and rain radar
observations show no clear regional differences for extreme hourly precipitation amounts.
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These regional differences across the country may open the possibility for analogues
scenarios based on the present climate conditions elsewhere.

In addition to the in situ observations discussed above, KNMI makes use of satellite data
to assess the trends in atmospheric composition (GHGs and aerosols) in the past
decade(s) (see e.g. De Ruyter de Wildt et al., 201 2). Current trends will be compared to
the emission scenarios used as an input for the CMIP 5 projections.

pending questions:
e Should KNMI discount particular scenarios (e.g the lowest temperature scenarios)

because observational evidence about current trends (and assessment of future
GHG/aerosol emissions) make some model projections less likely?
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