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The effects of Climate
Change in the Netherlands:

2012

Summary

« The Dutch climate is changing: over the past century
the average temperature has risen, the amount and
intensity of precipitation have increased and extremely
hot days have become more common.

« Various effects of climate change can already be
observed in the Netherlands. Some of these effects are
positive, such as increases in agricultural productivity
and the number of good weather days for recreation.
Others are negative, such as more frequent river and
water drainage flooding (as a result of intense
precipitation) and reductions in the quality of surface
waters (water temperature, algal growth) and
biodiversity. A more rapid rise in sea level and an
increase in peak river discharges as a consequence of
climate change have not yet been observed in the
Netherlands.

» Climate change and its effects are expected to continue
over the next few centuries. The negative effects of
climate change are strongly related to changes in the
occurrence of extreme weather conditions (e.g.
droughts, storms, heat waves). Moreover, the risk of
new or repeated outbreaks of human or agricultural
pests and diseases may also increase. But the changes
also present opportunities to the Netherlands,
including benefits to agriculture and tourism.

« Atthe current rate of change, the effects of climate
change in the Netherlands are, in principle,
manageable.

» Moreover, several physical factors may help to
moderate the future effects of climate change in the
Netherlands. Water buffering in areas further upstream
in the Rhine river basin, for example, will reduce the

size of extreme peak discharges reaching the

Netherlands.

+ Addressing climate risks is now embedded in most of
the relevant policies, although the nature and extent of
this policy response varies between policy areas:

- The climate risks and uncertainties associated with
flood safety, freshwater availability and urban
development are adequately addressed in the Delta
Programme. This programme will allow the
Netherlands to equip itself to respond in time to
water risks.

- Aninfrastructure of global and regional monitoring
networks and action plans has been established to
detect human and agricultural pests and diseases.
This infrastructure is made increasingly necessary by
the huge numbers of global and European transport
movements. Attention is also being given, at both
the global and European levels, to the consequences
of climate change for the spread of infectious
diseases.

In recent years there has been little policy interest at
national government level in the effects of climate change
on ecosystems and biodiversity. The Dutch National
Ecological Network (EHS) and the Natura 2000 network
provide a solid platform for more climate-resilient nature.
However, this will require a change in government
thinking on the EHS, with an emphasis on enlarging,
connecting and improving certain valuable conservation
areas (wetlands, dunes and coast, forests and heathland)
so that species populations are able to keep up with the
shiftin climate zones. In addition, climate-proofing
nature conservation policy may require a revision of the
conservation objectives, because these are defined in
static terms.



Introduction

In 2005, PBL Netherlands Environmental Assessment
Agency published a study summarising the knowledge
available at that time about climate change and its
consequences for the Netherlands. That study noted that
the climate was changing and that this has certain
consequences. Although the observable effects were
limited in scale, it was expected that the trends would
speed up in future. Since then our understanding of
climate change and its effects has increased. Moreover,
policymakers in various policy areas have become aware
of climate change and the effects it will have, both
positive and negative. This is reflected in the
establishment of the interdepartmental programme on
Spatial Adaptation to Climate Change (2006—-2010) and
the Delta Programme (from 2010).

The present PBL study for the Ministry of Infrastructure
and the Environment provides an update of the 2005
study: What is the current situation regarding climate
change in the Netherlands; what effects are now more or
in fact less observable; are there new insights into the
risks and opportunities of climate change; and to what
extent are these risks and opportunities embedded in
relevant policies? In addition to this national update,
updates on climate change and its effects at the global
and European scales have been published by the IPCC
(Intergovernmental Panel on Climate Change) and EEA
(European Environment Agency) respectively.

Main conclusions

The picture sketched by earlier reports is

confirmed: The climate is changing, globally as

well as in the Netherlands. At the current rate of

change, the consequences for the Netherlands, in

principle, are manageable

« Many aspects of the Dutch climate have changed
measurably over the past 100 years (Figure 1). The
average temperature in the Netherlands has risen by
1.7 °Cand the annual number of summer days — defined
as days with a maximum temperature of above 25.0 °C
—has risen by almost 20, while the number of frost days
has fallen by about the same number. Total annual
precipitation has increased by more than 20% and the
frequency of heavy showers has also risen sharply. The
measured temperature rise in the Netherlands is about
twice as large as the global average, and over the past
20 years there has been no visible weakening of this
upward trend.

« Several changes associated with climate change are
visible in the Netherlands (Table 1). Positive effects
include rising agricultural productivity, lower average

winter mortality and an increase in the number of good
weather days for recreation. Examples of negative
effects are more frequent drainage flooding (as a result
of intense precipitation), increased risks of allergies
among sufferers and an increased risk of heat stress in
urban areas. Changes can also been seen in nature,
such as shifts in the ranges and life cycles of plants and
animals. Climate change can also aggravate existing
problems affecting biodiversity, such as habitat
fragmentation.

« Currentunderstanding indicates thatin the
Netherlands climate change will continue and its
effects will increase (Figure 1). Because the climate
system responds slowly to stimuli and the knock-on
environmental impacts are equally slow to manifest,
the changes will persist for some time to come - even if
global greenhouse gas emissions decline. These
changes also present opportunities, including benefits
to agriculture and tourism. The unfavourable effects of
climate change have much to do with changes in the
occurrence of extreme weather conditions (droughts,
high and low river discharges, intense precipitation
events, unusually cold periods and extreme heat).
Moreover, there may be an increased risk of new or
repeated outbreaks of human and agricultural pests
and diseases.

+ Atthe current rate of climate change, the effects are in
principle manageable in the Netherlands. The effects of
future climate change here are expected to be more
limited than in many other regions, both within and
outside Europe. Our ability to cope with the effects of
climate change is also a consequence of the current
widespread policy interest in climate change, although
this does differ between policy areas.

Maximum and minimum river discharges also
affected by water management in countries
upstream

» Average winter discharges in the main rivers in the
Netherlands have increased, while average summer
discharges have declined. The extreme high and low
discharges determine the risks to the Netherlands.
Peak discharges can lead to flooding and extreme low
discharges to water shortages. Over the past 100 years
there has been no significant trend in such extreme
events, neither in peak discharges nor in the minimum
discharges.

» During peak discharges, the amount of water entering
the Netherlands in the rivers is determined to a large
extent by the flood protection policies operating in the
upstream areas. For example, if Germany continues
with its current water management policies and does
not take any measures in addition to the current
improvement programme (dyke situation in 2020), the
maximum Rhine discharge entering the Netherlands



Figure1
Observed and projected future climate change
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Table1

Summary of observed and possible future effects of climate change in the Netherlands

Sector

Water management

Ecosystems and
biodiversity

Agriculture and
livestock husbandry

Sea level at Dutch coast

Average annual river discharge
(Rhine)
Seasonal discharges (Rhine)

Extreme high and low river
discharges (Rhine)

water drainage floods

Water temperatures

Salinisation

Drought in summer

Species composition

Migration patterns

Growing season

Changes in site conditions
Natural fires

Growing season

CO, concentration

Flooding and water drainage
flooding

Drought
Salinisation

Observed

20 cm rise in sea level over past
100 years; no increase in rate of
change since 1900

No increase

Increase in winter, decrease in
summer

No trend

Slight increase

Higher temperatures for most
surface waters

+3 °C for the River Rhine. About
1/3 caused by higher air
temperatures

Increasing salinisation

No trend

Decline in population sizes of
cold-loving species in the
Netherlands

Increase in population sizes of
warm-loving species in the
Netherlands

Increase in number of new species
Consequences unknown

Increase in numbers of Dutch
migratory birds overwintering in
the Netherlands

2 to 3 weeks earlier than in 1950

Mainly changes related to water
No trend

5 weeks longer than at the
beginning of the 20" century
Slight increase in potential yields

Slight increase

No trend

More frequent damage.
Agriculture can cope and partly
adapt

Possible future effects according
to the KNMI’06 scenarios

+35 to 85 cm (around 2100)

> 100 cm in extreme climate
change scenarios

-12% to +12% (around 2100,
compared with 1990)

Summer -41% to +1% (around
2100, compared with 1990)
Winter +12% to +27%

Increase in peak discharge
Dependent on upstream water
management

Strong increase, especially in
lower lying areas of the
Netherlands and the Rhine-Meuse
floodplain

Further increase, with possible
consequences for oxygen content
and algal blooms, and thus for
water quality

Further salinisation, especially in
the south-west and north of the
Netherlands

Strong increase in scenarios with
changing air circulation patterns;
little increase in other scenarios
Further decline and possible loss
of species from the Netherlands

Further increase

Further increase in number of new
species; effects on ecosystem
functioning unknown

Unknown

Further extension by 1 to 1.5
months in 2050 (compared with
2000). Possible further
mismatches in food chain because
species react differently.

Stable or worsening conditions.
Increase in variability/extremes
Increased risk due to more dry
periods

Further extension; opportunities
for new crops

Further increase in potential yields
as concentrations rise

More frequent damage

More frequent damage

Continuing trend. Dry years will
present a particular challenge

n



Sector

Human health

Pests and diseases

Heat stress and summer smog

Winter mortality

Allergies and hay fever (pollen,
oak processionary caterpillar)

Vector-borne infectious diseases

Waterborne infectious diseases

Food-borne infectious diseases

Recreation and tourism  Recreation days

Observed

No trend, relations still uncertain

Increase in premature deaths due
to more warm and tropical days
(compared with normal summers).
Moderate effect (with proper
adaptation) compared with other
stress factors and probably also
smaller than the reduction in
winter mortality

Less illness and a reduction in
winter mortality

Number of ‘allergy days’ has
increased by more than 20; oak
processionary caterpillar present
in large parts of the Netherlands

Climate change leads to changes
in the distribution, density and
activity of insects and ticks
(potential vector organisms for
infectious diseases). The influence
of climate on the transmission of
pathogens is complex and as yet
unknown. Tick numbers have risen
in the Netherlands and cases of
infection with the Lyme bacterium
have increased; other factors also
play arole (e.g. recreational
behaviour).

The influence of the climate is
diverse. Some waterborne
pathogens (bacteria, amoebae,
algae) are sensitive to climate
change; anincrease in
temperature, humidity, UV
radiation, precipitation and water
availability will lead directly to an
increase in the burden of
infectious diseases. The
occurrence of other pathogens,
such as intestinal bacteria, viruses
and parasites, may in fact decline
under the influence of climate
change.

There is a direct causal relation
between climate change,
especially higher temperatures,
and the increase in food-borne
ilinesses. The relatively good level
of food hygiene in the Netherlands
limits this effect.

Doubling of the probability of 5
consecutive good weather days
with suitable conditions for
outdoor recreation (between 1950
and 2001)

Possible future effects according
to the KNMI’06 scenarios
Possible further increase in
frequency, mainly due to higher
humidity and higher
temperatures; still much
uncertainty

Further increase due to more
frequent heat waves, also in
combination with more frequent
summer smog. In principle
manageable by making changes in
behaviour and healthcare and
adaptations to the built
environment

Further reduction

Further increase in the number of
‘allergy days’ due to extension of
the growing and flowering season,
and the possible appearance of
new allergenic species; in 2020
oak processionary caterpillar
present across the whole
Netherlands

Great uncertainty about vector
transmission of pathogens
(viruses, bacteria) and possible
outbreaks of infectious diseases.

Projections of the future influence
of climate factors on the
development and transmission of
waterborne pathogens are
uncertain. Without adaptation
measures both positive and
negative effects are possible,
depending on the type of
pathogen.

Limited further increase in
food-related infections is possible.

Further increase in the probability
of attractive recreation days



Figure 2

Impacts of upstream flooding in Germany on peak discharges at Lobith (the Netherlands)
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Source: Vellinga et al. (2008)

Upstream flooding

® Along the entire River Rhine
(Lammersen, 2004)

® Onlyin the lower part of the River Rhine,
just before the Dutch boarder
(Gudden, unpublished)

_~~ Situation without upstream flooding

will continue to be buffered, even if climate change
should lead to higher peak discharges in the upper
reaches of the Rhine (Figure 2). In such cases water may
enter the Netherlands outside the rivers, for example
via flooding just over the German border. But should
Germany increase its flood safety standards, reducing
the likelihood of flooding, higher river discharges
would be able to enter the Netherlands.

- Even non-extreme conditions can lead to dangerous
situations. In January 2012, a storm coinciding with high
river discharges caused high water levels in the
Haringvliet and flooding around the Drecht cities,
among other places. If climate change leads to more
frequent high river discharges, the probability of such
events occurring will increase, especially in
combination with rising sea levels (Klijn et al., 2010).

« The Rhine is by far the most important river for
supplying fresh water to the Netherlands during the
summer. Ultimately, the amount of water entering the
Netherlands during a period of drought depends in part
on the water use further upstream. The Meuse
discharge treaty between the Netherlands and Belgium
contains agreements on the distribution of Meuse
water during periods of low discharge.

« There are currently no firm international agreements
on the distribution of Rhine water during periods of
drought. If climate change leads to a substantially
lower water discharge via the Rhine, an increase in the
use of water upstream could reduce the amount of
fresh water available to the Netherlands. How much
this shortfall could be is still unclear.

Future sea level rise along the Dutch coast will
probably be tempered by the changing
gravitational pull of melting land ice masses

« Over the past 100 years the sea level along the Dutch
coast has risen by about 20 cm. Although anincrease in
the rate of sea level rise has been observed at the
global level, this does not apply to the Netherlands.
This is because natural variability is a significant factor
at the local scale, but averages out at the global scale.
The precise contribution made by climate change to sea
level rise is still uncertain; other, natural factors also
play arole, such as variations in wind set-up and the
geological processes operating along the Dutch coast.

« The observed sea level rise in the Netherlands is still at
the lower end of the various projections for this
century. Projections of future sea level rise along the
Dutch coast as a consequence of climate change vary
widely. The KNMI’06 scenarios give a range of 35 to 85
c¢m for 2100; the Delta Commission (2008) estimates a
rise in sea level up to 1.2 min 2100 (1.3 mincluding land
subsidence) in its ‘most unfavourable scenario’.

« Therisein sea level is the outcome of several factors,
including the melting of land ice masses. The possible
future sea level rise along the Dutch coast — particularly
beyond 2100 - will also be influenced by changes in the
gravitational pull of land ice masses as they melt. This
is a physical process that has an immediate effect on
the sea level. When (some of) the land ice masses of
Greenland, Antarctica and other ice sheets melt, their
gravitational pull on the surrounding ocean reduces.
The meltwater causes the average sea level in the
world to rise, but the lower gravitational pull of the ice



Table 2

Summary of policy responses to climate change in the sectors considered

Sector
Flood safety

—inside the dykes
- outside the dykes

Water supply / major water
bodies

Regional water availability

Flooding and water drainage
flooding in urban areas

Flooding and water drainage
flooding in rural areas
Water quality

Ecosystems and biodiversity

Natural fires

Agriculture — water availability
- pests & diseases
Public health —extreme heat

- infectious diseases

Tourism & recreation
Climate adaptation,
international

Responsibility

Ministry of Infrastructure and
the Environment

Provinces

Regional water authorities
Municipalities

Ministry of Infrastructure and
the Environment

Province / Regional water
authorities

Municipalities

Province / Regional water
authorities

Ministry of Infrastructure and
the Environment

Provinces

Water authorities

Ministry of Economic Affairs,
Agriculture and Innovation /
Provinces

Ministry of Security and Justice
Province / Regional water
authorities

Ministry of Economic Affairs,
Agriculture and Innovation
Ministry of Health, Welfare and
Sport

Ministry of Infrastructure and
the Environment

Ministry of Health, Welfare and
Sport

International

Provinces and municipalities
Ministry of Infrastructure and
the Environment

Included in
Delta Programme (2010-2014)
EU Floods Directive

Participation in the Delta Programme
(2010-2014)

Delta Programme (2010-2014

River basin management plans, Water
Framework Directive

Delta Programme (2010-2014

River basin management plans, Water
Framework Directive

National Administrative Agreement on
Water (IBW)

Participation in Delta Programme
(2010-2014)

National Administrative Agreement on
Water

River basin management plans, Water
Framework Directive

EU Natura 2000: status of conservation
objectives

No specific NL implementation plan
Provinces: relation to climate buffers
Inter-authority cooperation on natural fires
Participation in the Delta Programme
(2010-2014)

Surveillance (Plant Protection Service of the
Netherlands)

National hot weather plan

Heat stress plans by the Public Health
Services (GGDs)

Delta Programme, New Urban Development
and Restructuring

National Institute for Public Health and the
Environment (RIVM): monitoring of
infectious diseases and advice on control
measures; international coordination via EU
(ECDC) and WHO (GOARN)

WHO: Global Outbreak Alert and Response
Network (GOARN)

EU/WHO: Ministerial Conferences on
Environment and Health

WHO: Protecting health from climate
change

EU: European Centre for Disease Prevention
and Control (ECDC)

EU (2009) White Paper on Human, Animal
and Plant Health Impacts of Climate Change
DG Climate, mainstreaming climate
adaptation and health.

EU White Paper on Climate Change
Adaptation (2009)

EU Climate Change Adaptation Strategy
(2013)

EU/WHO Parma Commitment

National web pages on European Climate
Adaptation Platform

UNFCCC

Green Climate Fund



sheets leads to a reduction in the angle of tilt of the
ocean. As the ice sheet on Greenland shrinks, the sea
level off the Dutch coast will rise, but the change in the
gravity effect will limit this rise to about 20% (-80%) of
the global average sea level rise. The contribution
made by meltwater from the glaciers and smaller ice
sheets to therise in sea level is also expected to be
lower (by about 20%) off the Dutch coast than the
global average rise. The melting of the Antarcticice
sheet, on the other hand, will lead to a higher sea level
rise off the Dutch coast (+10%) than the global average.
Based on current knowledge and scenarios, the melting
of theice sheets will result in a net sea level rise off the
Dutch coast lower than the global average. In an
extreme scenario, the possible sea level rise around
2200 will therefore not be in the range of 2 to ¢ m, but
40 to 60 cm lower than this (Katsman et al., 2017).

= Until 2100 the effect of all this on sea level rise along
the Dutch coast will remain limited (the moderating
effectin the KNMI’06 scenarios is a maximum of 5 cm
and for a more extreme scenario it is 15 cm (Katsman et
al., 2011)). The reason for this is that the contribution to
global sea level rise made by the melting ice sheets will
remain limited during this century (compared with
other factors leading to sea level rise).

Climate change risks are embedded in most

policies, except for policies on nature conservation

= Inrecentyears consideration has been given to the
possible risks of climate change in many policy fields
(Table 2). Much of this has been set in motion by the
inter-authority programme on Spatial Adaptation to
Climate Change (ARK, 2006-2010), which was
coordinated by the Ministry of Housing, Spatial
Planning and the Environment. The Delta Programme,
which beganin 2010, introduced new government
priorities on climate risks and climate adaptation.

« Climate risks are closely associated with changes in the
occurrence of extreme weather conditions and the
possible increase in the probability of new or returning
outbreaks of human or agricultural pests and diseases.
Policy measures have already been taken to manage
some of these risks associated with climate change, but
additional measures are needed to provide a more
integrated and comprehensive policy response.

» The climate-related risks of flooding from the sea and/
or therivers are of considerable relevance to the
Netherlands. The Delta Programme addresses the
possible, but still uncertain, effects of climate change.
Based on long-term socioeconomic scenarios and
climate scenarios, this programme assesses in greater
depth the risks of flooding and water shortages and the
measures that need to be taken to deal with them. In
2014 this should resultin a proposal for several
strategic decisions to the House of Representatives

(the ‘Delta decisions’). The Delta Programme also
addresses the implications for urban areas (new urban
development and urban restructuring) not only of
flooding and water drainage flooding as a result of
extreme precipitation, but also of drought and extreme
heat. The National Policy Strategy for Infrastructure
and Spatial Planning identifies the reservation of zones
for flood control measures, sustainable freshwater
supplies and frameworks for urban development/
redevelopment as issues of national importance; these
issues are included in the Delta Programme.

A European and global monitoring infrastructure has
been set up to ensure the earliest possible detection of
new human and agricultural pests and diseases. This
infrastructure is made increasingly necessary by the
world wide high volumes of freight and passenger
transport. The WHO (World Health Organization)
coordinates the rapid detection of potential global
epidemics as well as control measures via the Global
Outbreak and Response Network (GOARN). At the
European level, the European Centre for Disease
Prevention and Control (ECDC) coordinates the
monitoring and control of infectious diseases. The
centre is supported by the European Commission,
which has made proposals for a European monitoring
system. The ECDC s a strategic partner of the WHO and
works within the EU with the national health institutes
of the Member States. The Netherlands is constantly
alert to possible outbreaks of communicable infectious
diseases and RIVM, Wageningen University and
Research Centre (WUR) and the GGDs operate a
monitoring programme. Because the weather and
climate change can also influence the spread of
infectious diseases (although much still remains
unknown), increasing attention is being given to the
possible effects of climate change on the spread of
diseases and any consequences these may have for a
monitoring system. Such a monitoring system may be
proposed.

Following the extreme heat waves of 2003 in the
Netherlands, action plans were drawn up on protecting
vulnerable groups in the population. Growing numbers
of municipalities are taking climate change into account
in their urban restructuring and expansion plans.
Higher air temperatures lead to higher water
temperatures and higher risks of (blue-green) algal
blooms. The EU Water Framework Directive (WFD)
requires the Member States to integrate the possible
negative effects of climate change into their
implementation of the WFD at national level. The
current river basin management plans under the WFD
(2009) contain a separate chapter on climate change
and its expected effects on water quality and the
ecology of water systems. Based on the available
knowledge, incorporation of the effects of climate



change into the baseline scenarios will widen the gap

between the desired and expected ecological status in

2027. The next set of river basin management plans

(2015) should integrate the consequences of climate

change more explicitly into the implementation of

policy.

In recent years there has been little policy interestin

the effects of climate change on ecosystems and

biodiversity in the Netherlands. The Dutch National

Ecological Network (EHS) and the European Natura

2000 network provide a solid basis to make Dutch

ecosystems and biodiversity more climate-resilient. As

climate zones gradually shift, an adapted EHS with
good ecological corridors and improved site conditions
would enable species to migrate to more favourable

areas and climate zones. However, this will require a

change in government thinking on the EHS, with a shift

in emphasis towards enlarging, connecting and
enhancing certain valuable conservation areas. These
areas, such as large existing wetlands, form the
ecological strongholds of biodiversity and they are also
connected to similar areas elsewhere (via ‘climate
adaptation zones for wetlands, and dunes and coastal
ecosystems), as well as areas within clusters with a high
density of nature sites (heathland, forests). The climate
resilience of these areas can be increased further by
linking them to the European Natura 2000 network in
neighbouring countries. In addition, climate-proofing
nature conservation policy will require a revision of the
conservation objectives. Because the current
conservation objectives are defined in static terms, the
chances of achieving these objectives under increasing
climate change will recede, as will the likelihood that
the Netherlands will meet its international obligations.

The geographical location of the Netherlands also

confers some opportunities:

- The main opportunities are for certain sectors like
agriculture and recreation. The sectors themselves
will have to exploit these opportunities in the
decades to come. Acquiring further knowledge about
the consequences of climate change can help them
to exploit these opportunities and become more
climate-resilient.

- Atlocal and regional scales, too, there are many
opportunities for making cost-effective
improvements to climate resilience while at the same
time raising environmental quality. These include
interventions in both urban areas (new development
and urban restructuring) and rural areas (area
development). Such measures will have to be
identified early in the planning and design process
and will require innovative and flexible financing
mechanisms (PBL, 2011).
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Introduction

1.1 Background

The climate is changing all around the world. This has
numerous potential consequences for people and the
environment: some negative, some positive. The effects
of climate change are caused by gradual changes in
climatic conditions as well as changes in climatic and
weather extremes, such as droughts, heavy precipitation
and heat waves. In a recent report the IPCC
(Intergovernmental Panel on Climate Change) pays
special attention to these extreme events and their
potential consequences for different regions of the world
(IPCC, 2012). Studies have also been conducted into the
changes in the climate of Europe, what the consequences
of these changes might be and how we can adapt to these
consequences (EEA, 2008, 2010; Ciscara et al., 2010,
Climate-Adapt’). Changes in the climate can also be
observed in the Netherlands, and these will have a range
of consequences for the environment and for society.

1.2 Update: effects of climate change
in the Netherlands and the policy
response

In 2005, PBL Netherlands Environmental Assessment
Agency published a study summarising the knowledge
available at that time about climate change and its
consequences for the Netherlands (MNP, 2005). Since
then the scientific understanding of climate change and

its effects has increased. Moreover, various policy
communities have become aware of climate change and
the effects it will have, both positive and negative. This is
reflected in the interdepartmental programme on Spatial
Adaptation to Climate Change (2006—-2010) and the Delta
Programme (from 2010). The 2012 study by PBL, prepared
in collaboration with various research institutes in the
Netherlands, updates the previous PBL study: what do we
know now that we did not know in 2005 about climate
change in the Netherlands, what effects are now more or
less observable, and are there new insights into the risks
and opportunities of climate change?

The present reportis an extended summary of the Dutch
report.?

1.3 Structure of the report

In this report, PBL describes the latest insights into the
effects of climate change in the Netherlands. When
describing the projected changes in climate for the
coming decades it differentiates between those based on
the KNMI’06 scenarios and on other, more extreme,
worst-case scenarios. The KNMI’'06 scenarios describe
the range of most likely climate changes in future. The
other, worst-case, scenarios such as the one prepared by
the Delta Commission, are used to explore the upper and
lower limits of possible changes, because these
conditions are the ones that often have major impacts
(e.g. peak river discharges).



Chapter 2 provides an update on the observed and
projected climate change in the Netherlands based on the
latest scientific understanding. It pays special attention to
climate and weather extremes, because these determine
many of the risks involved.

The subsequent chapters examine these effects, positive
as well as negative. In all chapters we consider the
observed trends as well as possible future changes.
Chapter 3 looks at flood safety and freshwater supplies,
an issue of particular relevance to the lower lying parts of
the Netherlands and the Rhine-Meuse floodplain. This
chapter also examines flood and drainage risks, the
probability of droughts and the question of water quality
—topics of relevance for the whole country. Chapters 4 to
7 cover the effects of climate change on ecosystems and
biodiversity, agriculture, human health, and tourism and
recreation. Finally, Chapter 8 assesses the degree to
which the risks and opportunities of climate change are
embedded in the relevant government policies.

Notes

1 Climate-adapt.eea.europe.eu.

2 See http://www.pbl.nl/publicaties/2012/
effecten-van-klimaatverandering-in-nederland-2012.



How Is the Dutch climate

changing?

2.1 Introduction

In this chapter we describe how the climate system
works, what is known about the observed changes in the
climate, how these recent observations relate to those in
the past, and the possible future trends. The emphasis is
on the Netherlands as a whole and, where possible, on
regional changes in the Netherlands.

2.2 The climate system

The earth’s climate is determined by various processes
operating in the atmosphere and the ocean and on the ice
masses and the land. Although in recent years
considerable progress has been made in understanding
how the climate system works (see also KNMI, 2011; IPCC,
2011), we may never fully understand it. This adds to the
uncertainties surrounding climate change and its
consequences.

By far the biggest factor determining the earth’s climate
is shortwave solar radiation, which itself is influenced by
cloud cover, dust particles and greenhouse gases in the
atmosphere. Of the remaining 70% of the solar radiation,
about a third is absorbed by the atmosphere and two-
thirds by the earth’s surface, warming both the
atmosphere and the earth’s surface. The longwave
radiation this generates at the earth’s surface is partly
absorbed by ‘gases’ in the atmosphere. As a
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consequence, the surface temperature of the earth is
higher than if these gases were not present. This is the
natural greenhouse effect. Without the greenhouse effect
the surface temperature of the earth would be -18 °C. The
naturally occurring greenhouse gases increase the
temperature to about 15 °C, making them crucial for the
existence of life on earth as we know it (KNMI, 2011).
These ‘gases’ are water vapour, carbon dioxide (CO,),
methane, nitrous oxide, ozone, CFCs
(chlorofluorocarbons), several sulphur compounds and
dust particles.

2.3 Climate change over the past 150
years: global

Itis now getting warmer almost everywhere on earth
(IPCC, 2007; WMO, 2012). At the end of 2011 the average
temperature of the earth’s surface was 0.8 °C higher than
around the beginning of the previous century (Figure 2.1),
and eleven of the twelve hottest years recorded during
the past 150 years were in the last twelve years. A trend
analysis of the global temperature shows that, on
average, the temperature is still rising. This trend has
continued since 2000, although the annual increase is less
than it was around 1995 (CBS et al., 2012a). In addition,
the warming effect is not the same all around the globe;
the greatest warming above land masses has taken place
in the northern hemisphere, and there is considerable
variability in warming around the world (WMO, 2012).



Figure 2.1
Average annual temperature
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There are also indications that climate extremes around
the world have been changing since 1950 (IPCC, 2011).
Cold periods have become less frequent, and heat waves,
droughts and heavy rainfall have become more frequent.
No trends have been detected in the frequency and
severity of heavy storms and tornados, or of climate-
related floods (IPCC, 201m).

Like the temperature, the CO, concentration in the
atmosphere has risen sharply over the past 150 years.
Whereas over the past 800,000 years the concentration
has varied between about 180 and 280 ppm?' (Lithi et al.,
2008), in the last 150 years it has risen to 389 ppm at the
end of 2010 and 391 ppm at the end of 2011 (NOAA/ESRL,
2011). This rise is mainly the result of CO, emissions from
industrial development and deforestation.

The causes of recent climate change

A considerable amount of research is being undertaken
into the causes of climate change. It has been shown that
the fluctuations in climate observed in the 2oth century
can be explained by a combination of natural and
anthropogenic causes (KNMI, 2011). In general, there are
three main natural causes underlying the year-to-year
fluctuations and the variability over a period of decades™
violent volcanic eruptions, variations in solar activity and
El Nifio phenomena (IPCC, 2007; PCCC, 2010; KNMI, 2011).
These three natural causes explain much of the upward

trend in temperatures at the beginning of the 2oth
century (Van Ulden and Van Dorland, 2000; Van Dorland,
2006). They also contribute to the trend of climate
change as observed in recent decades, although this
trend is primarily caused by human activity (IPCC, 2007;
PCCC, 2010; Foster and Rahmstorf, 2011). The precise size
of this anthropogenic contribution is still being
investigated.

2.4 Observed climate change in the
Netherlands

Temperature rising faster in the Netherlands than
globally

The temperature in the Netherlands is determined by a
combination of heat from the sun and the temperature of
the North Sea. The average annual temperature across
the Netherlands is now about 10 °C (KNMI, 2011).

Even though 2010 was the coldest year in the Netherlands
since 1996 (PCCC, 2011), the multi-year average
temperature in the Netherlands is still rising (Van der
Schrier et al., 2011). The Netherlands is now on average
1.7 °C, plus or minus 0.5 °C, warmer than a century ago
(PCCC, 2009; Van der Schrier et al., 2011; CBS et al., 2012a)
(Figure 2.1). Most of the top ten hottest years since
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Figure 2.2
First warm day per year
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records began in the Netherlands in 1901 are recent years,
2006 and 2007 being the hottest years on record (average
1.2 °C) (KNMI, 20083, 2017).

The temperature in the Netherlands is continuing to rise
(Figure 2.1). Many natural factors that influence the global
temperature, such as El Nifio and La Nifa, have a limited
effect on the temperature in the Netherlands, which is
determined much more by changes in air circulation
patterns in the region and by the temperature of the
North Sea. Since 1950, the temperature in the
Netherlands, as in other parts of Western Europe, has
risen by twice as much as the global average (KNMI,
2008a; Van Oldenborgh et al., 2009) (Figure 2.1). The
more rapid warming in this part of the world can be
explained by the fact that land masses in general warm
up more quickly than the global average (because oceans
warm up more slowly). The Netherlands, like other parts
of Western Europe, is also experiencing more westerly
and south-westerly winds in late winter and early spring,
less cloud cover, rising temperatures in the North Sea and
anincrease in the amount of sunshine (due to cleaner air)
in spring and summer (KNMI, 2008a).

The warming in the Netherlands is noticeable in all

seasons, but differs in degree and timing across the
seasons due to the natural vagaries of the Dutch climate.
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Neither is each season equally average or extreme. For
example, the summer of 2006 was very hot (with heat
waves in June and July), whereas the winter of 2006 was
cold. This volatility is a natural variability that has little to
do with long-term climate change. Nevertheless, the
differences in temperature rise between the seasons
appear to follow a trend. The increase is highest in the
spring, at 1.8 °C plus or minus 0.7 °C over the past 60
years and more than 2 °C over the past 100 years (CBS et
al., 2012a). Moreover, every spring since 1988 — with the
exception of 1996 — has been hotter than average (KNMI,
2008a), with consequences for nature in the Netherlands.

The increase in temperature in the Netherlands means
that warm and hot days now occur earlier in the year
(KNMI, 2011). The first warm day (with a maximum
temperature of 20 °C or more) occurs five to ten days
earlier in the year than fifty years ago (see Figure 2.2). This
shift is bigger along the coast than further inland,
probably because of therise in the temperature of the
seawater. It should be noted here that the timing of the
first warm day is subject to considerable variability across
the country: on average it occurs fifteen days earlier in the
south-east of the country than in the north-west.



Figure 2.3
Temperature extremes in De Bilt (the Netherlands)
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More extreme heat and less extreme cold

Periods with extreme temperature conditions, such as
heat waves and extreme cold spells, may alert people to
what climate change may entail. These periods consist of
a series of consecutive summer or tropical days or days
with frost or severe frost (KNMI, 2011). Because people
experience temperature extremes in different ways, we
examine them here by looking at three different
statistics: the frequency of warm, tropical and cold days;
the highest maximum temperatures in a year; and the
frequency of relatively hot or cold days for the time of
year. Each of these three examples is rare in nature.
However, a limited shift in the average temperature can
lead to major changes in the probability of such extreme
weather, even when the variability itself does not change.

The first way of looking at temperature extremes is to
examine the frequency of warm, summer and tropical
days (with maximum temperatures of more than 20, 25
and 30 °C, respectively) and days with frost or severe frost
(with minimum temperatures below -5 and -10 °C,
respectively; KNMI, 2011). The frequency of such summer
and winter days varies widely from year to year, in line
with the highly variable nature of the Dutch climate
(Figure 2.3). Nevertheless, for summer and winter days, a
gradual but significant respective increase and decrease
can be observed (KNMI, 2011). Around 1950 there were on
average 11 summer days per year, whereas now there are

almost 30 (an increase of 19 days), and the number of
frost days has fallen from an average of 71 around 1950 to
54 NOW.

A second indication of increases in extreme temperatures
is the trend in highest maximum temperatures recorded
at the same location within a year (abbreviated as TXX).
Even though this TXX shows a year-to-year variability, the
TXX for De Bilt over the 1950—-2010 period has risen by
more than three degrees, from 29.6 °Cto 33.2 °Cin 2010
(Figure 2.4). This also means that the probability of a day
with a maximum temperature above 35 °C has increased
from once every 420 years around 1950 to once every 62
years around 1980 and to once every 6 years now (Visser
and Petersen, 2012).

Finally, we can look at the frequency with which days are
relatively hot or cold (but not necessarily extreme) for the
time of year (the cut-off point for hot and cold for each
calendar day is taken to be the temperature that was
exceeded on 10% of those days between 1961 and 1990;
KNMI, 2008a). The frequency of such summer and winter
days also varies greatly from year to year (Figure 2.5), but
here too there is an observable upward and downward
trend (KNMI 20083, 2011). In De Bilt the number of very
hot days has increased from an average of about 25 at the
beginning of the previous century to more than 6o now,
while the number of very cold days has fallen from about
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Figure 2.q
Maximum day temperatures in a single year in De Bilt (the Netherlands)
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Figure 2.5
Relatively warm and cold days in De Bilt (the Netherlands)
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45 to 15 (Figure 2.5). Temperature extremes are more
common inland than on the coast due to the moderating
influence of the sea. Over the past 30 years there has
been a similar, but more pronounced trend for summer
days (Van der Schrier et al., 2009).

24

Increase in precipitation, particularly on the coast, and
in the intensity of precipitation

In the Netherlands it rains on average 8% of the time, in
winter slightly more than in summer (KNMI, 2011). This
average varies greatly from year to year and from place to
place. For example, the extreme precipitation amountin
parts of the province of Zuid-Holland is 14% higher than



Figure 2.6
Precipitation in the Netherlands
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in De Bilt (Buishand et al., 2009; KNMI, 2009a). Moreover,
in some years there is relatively little precipitation (e.g.
just 483 mm in Kornwederzand in 2003) and other years
are extremely wet (the highest ever total precipitation
recorded so far was 1,374 mm in Schellingwoude in 1998)
(KNMI, 2011). Within-year variability can also be large.
This variability in precipitation is caused by a series of
factors, such as wind direction, temperature and
humidity. Wet years are often accompanied by more
westerly winds from the sea in combination with
warming seawater (Lenderink and Van Meijgaard, 2008).

The changes in precipitation also follow a trend in the
Netherlands. Annual precipitation is now about 850 mm.
This is more than 20% higher than a century ago, when
annual precipitation levels were around 700 mm (Figure
2.6) (KNMI, 2011; CBS et al., 2012b). This increase has
occurred mainly in the winter (+26%), while the amount
of precipitation in the summer has changed by just 5%
(KNMI, 2006, 2011). Moreover, precipitation amounts
have increased more in the coastal zone (by 30% to 35%)
than further inland (10% to 25%) (KNMI, 2011; Buishand et
al., 2009). This is probably due to the warmer North Sea
water, which leads to the formation of more clouds above
the sea, which in turn can cause heavier showers,
particularly along the coast.

Although more precipitation falls in winter, the number of
days with snowfall has decreased since the 1980s. The
only winter with the highest number of days with
snowfall (42) since the winter of 1978-1979 was the winter
of 2009-2010 (KNMI, 2011). The rising temperatures mean

that precipitation falls more often as rain and less as
snow.

Heavy showers (with more than 50 mm precipitation) can
cause local flooding, restricted visibility and damage to
buildings, agriculture and horticulture. The frequency of
these types of rainfall events has increased since the last
century (Figure 2.7; Van der Schrier et al., 2009; KNMI,
2011), mainly in winter (KNMI, 2008) and mainly in the
western part of the country (Figure 2.8; Van der Schrier et
al., 2009; KNMI, 2011). The highest 10-day precipitation
total per winter has risen by 29% since 1906 (KNMI,
2006). The observed rise in extreme (winter) precipitation
can be explained mainly by an increase in the amount of
precipitation on already rainy days. In recent summers
there have also been more days with heavy rain than a
century ago. The highest number — 11 days with heavy
rainfall - was recorded in the summer of 2006. But
averaged over the country the observed rise is small in
relation to the differences between years and is
statistically not significant.

Drought: no visible trend

Drought occurs when evapotranspiration exceeds the
amount of water available in the soil. Drought can occur
in periods with high levels of evapotranspiration and/or
little precipitation over an extended period. A commonly
used indicator of drought is the (maximum) precipitation
deficit: precipitation minus potential evapotranspiration
over a period from 1 April to 30 September (KNMI, 2010).
An absence of precipitation in spring may lead to a
precipitation deficit early in the year, as was the case in
the spring of 2011. If the precipitation deficit persists, it
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Figure 2.7
Days with 50 mm of precipitation or more in the Netherlands
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Figure 2.8
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Figure 2.9
Storm frequency in the Netherlands
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may also contribute to the occurrence of a drought period
in the following summer. This happened in the record
years of 1976 and 2003 (KNMI, 2010 and 20711).

The maximum precipitation deficitin the Netherlands
varies per region. In the coastal zone the precipitation
deficitin spring and early summer is usually larger than in
the rest of the country, whereas the situation is reversed
in late summer and autumn (KNMI, 2008b, 2010). These
regional differences arise because in spring there is often
less cloud cover in the coastal areas than further inland.
As aresult there is less rainfall along the coast, the sun
shines more often and more water evaporates. In the
autumn the warming seawater generates more cloud
cover and showers near the coast.

Despite the rising temperatures, there has as yet
(between 1906 and 2011) been no perceptible trend in the
average maximum precipitation deficitin the
Netherlands, and therefore also in the occurrence of
drought (KNMI, 2010, 2011; PCCC, 2011). This because such
periods are uncommon. The year 2011 had the driest
spring on record, with a precipitation deficit in April and
May of 135 mm (the normal deficit at the end of May is
about so mm) (PCCC, 2011), but the previous big
precipitation deficit was in 1976 —and in 2011 the dry
spring was more than compensated by a wet summer.

Wind: reduction in frequency of storms

The occurrence of wind and storms in the Netherlands
also varies widely between years and locations. For
example, the maximum wind speeds in the north-

western coastal area are considerably higher than further
inland (KNMI 2011).

Nevertheless, there is evidence that the average wind
speed and number of storms per year in the Netherlands
are declining (Figure 2.9; Smits et al. 2005; KNMI 2017). At
the moment there are 20% to 40% fewer strong winds
thanin the early 1960s.

The measurement series for severe storms with extreme
windspeeds (more than wind force 10) are too short and
the frequency of these events is too low to be able to
identify any trends (KNMI 2008b). The storm of 18
January 2007, for example, was the only severe storm in
the period 2003-2007 (Buisman 2011).

2.5 Projected climate changes in the
21st century: introduction

An uncertain future

In the remainder of this chapter we present a picture of
how the climate in the Netherlands may change during
this century. For this purpose, a number of climate
scenarios have been developed - these are calculations of
possible futures based on a series of coherent and
plausible assumptions, for example about economic and
population trends and associated CO, emissions. Each
scenario is a projection, not a prediction, of a possible
future. Climate scenarios should not therefore be seen as
long-term weather forecasts with pronouncements about
the weather on a certain date (KNMI 2008b). It is also
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Figure 2.10

Possible climate changes for the 1990 - 2100 period, according to KNMI’06 scenarios
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important to realise that any changes in the future are
uncertain. Moreover, there are limits to the predictability
of complex systems like the climate. Climate projections
for small regions, such as the Netherlands, or even
Western Europe, are more uncertain than projections for
the world as a whole because in such small regions
factors like air circulation play an important role.

2.6 Projected climate changes in the
21st century in the Netherlands

In this section we summarise current understanding
about possible future changes in the climate in the
Netherlands (see Figure 2.10).

In 2007 the IPCC presented a number of global climate
scenarios. These do not provide sufficiently detailed
information to describe the potential change in climate in
asmall area like the Netherlands. To fill this gap, in 2006
the Royal Netherlands Meteorological Institute (KNMI)
developed four regional climate scenarios for the
Netherlands and surrounding areas. These four scenarios
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(the KNMI’06 scenarios) give information about changes
in average and extreme temperatures, precipitation,
evapotranspiration, winds and sea level around 2050 and
2100 (Figure 2.10). The KNMI’06 scenarios are based on
different assumptions regarding global temperature rise
(moderate: G; warm: W) and changes in air circulation
patterns in the region (Western Europe) and the
associated prevailing wind direction (Figure 2.11). The
scenarios are based on a large number of climate models,
several socioeconomic scenarios and historical
measurement records. The KNMI’o6 scenarios are
consistent with the global climate scenarios developed by
the IPCC (KNMI 2006; Van den Hurk et al. 2006; Figure
2.12). In 2009 the KNMI’06 scenarios were updated with
more detailed information (KNMI 2009a).

Because the KNMI'06 scenarios draw on several climate
models and emission scenarios, they are able to cover
many of the uncertainties; they draw on current
knowledge to describe the range of most likely future
changes in the climate (KNMI 2009a). Nevertheless, there
is a chance that the actual future climate change will lie
outside this range, which means that the changes could
be either more extreme or less pronounced. The need to



Figure 2.11
Overview of KNMI'06 scenarios
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take such extreme climate scenarios into account
depends on the type of analysis. For example, studies on
climate-proofing the Netherlands may need to consider
such extreme scenarios because the resulting damage
can be serious, even though the probability of such
extreme scenarios actually occurring is small. For these
reasons, other organisations have developed more
extreme projections of possible climate change and sea
level rise to supplement, but not replace, the KNMI'o6
scenarios.

Average temperature in the Netherlands continues to
rise

The KNMI’'06 scenarios indicate that the average annual
temperature in the Netherlands will have risen by
between 0.9 and 2.6 °C by around 2050 (Table 2.1) and by
between 1.8 and 5.1 °C by around 2100 (Table 2.2)
compared with the climate around 1900. In the scenarios
in which the air circulation patterns change (G+/W+), the
warming effect will be stronger in the summer months
than in the winter months; this is reversed in the
scenarios without any changes in air circulation patterns
(Table 2.1, Table 2.2, Figure 2.13). At the moment it is not
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Figure 2.13
Temperatures in De Bilt (the Netherlands)
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In the G and W scenarios, temperatures increases more than in winter than in summer, while in the G+ and W+ scenarios this is the other way round

Table 2.1
Climate change in the Netherlands around 2050 relative to the climate around 1990 according to the four KNMI’06
scenarios

2050 G G+ W W+

Global temperature rise +1°C +1°C +2°C +2°C

Change in air circulation patterns No Yes No Yes

Average annual Average temperature +0.9 °C +1.2°C +1.8°C +2.6 °C
Average precipitation amount +3% -1% +6% -2%
Reference evapotranspiration +2% +5% +5% +9%

Winter Highest daily average windspeed 0% +2% -1% +4%
occurring 1x per year
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 +0% +7% +7% +14%
Number of wet days (0.1 mm) +0% +1% +0% +2%
10-day precipitation total +4% +6% +8% +12%
exceeded once every 10 years

Summer Average temperature +0.9 °C +1.4°C +1.7 °C +2.8°C
Hottest 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 (20.1 mm) -2% -10% -3% -19%
Daily precipitation total +13% +5% +27% +10%

exceeded once every 10 years
Reference evapotranspiration +3% +8% +7% +15%

Source: KNMI (2006, 2009a); calculation of annual statistics by PBL
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Table 2.2

Climate change in the Netherlands around 2100 relative to the climate around 1990 according to the four

KNMVI’06 scenarios

2100

Global temperature rise

Change in air circulation patterns
Average annual Average temperature
Average precipitation amount
Reference evapotranspiration

Winter Highest daily average windspeed

occurring 1x per year

Average temperature

Coldest winter day per year
Average precipitation amount
Number of wet days (20.1 mm)

10-day precipitation total
exceeded once every 10 years
Summer Average temperature
Hottest summer day per year
Average precipitation amount
Number of wet days (20.1 mm)

Daily precipitation total
exceeded once every 10 years

Reference evapotranspiration

G G+ W W+
+2°C +2°C +4°C +4°C
No Yes No Yes
+1.8°C +2.5°C +3.5°C +5.1°C
+6% -2% +13% -4%
+6% +12% +12% +24%
-1% +4% -2% +8%
+1.8°C +2.3°C +3.6 °C +4.6 °C
+2.1°C +2.9 °C +4.2 °C +5.8°C
+7% +14% +14% +28%
+0% +2% +0% +0%
+8% +12% +16% +204%
+1.7 °C +2.8°C +3.4°C +5.6 °C
+2.1°C +3.8°C +4.2 °C +7.6 °C
+6% -19% +12% -38%
-3% -19% -6% -38%
+27% +10% +54% +20%
+7% +15% +14% +30%

Source: KNMI (www.knmi.nl/klimaatscenarios/knmio6/samenvatting), calculation of annual statistics by PBL

possible to indicate whether the temperature change will
vary across the Netherlands. Differences in warming can
already be seen across the country and these are
expected to persist (KNMI 2009a).

Temperature extremes: more extreme heat, less extreme
cold

The four KNMI'06 scenarios indicate that the expected
hot extremes may increase (Figure 2.14), whereas the
expected cold extremes may decrease; this is especially
the case in the G+ and W+ scenarios. Around De Bilt, for
example, it is expected that the number of tropical days
(days with a maximum temperature of 30 °C or higher)
will rise from g per year around 1990 to 7-15 per year
around 2050, and to 10-33 per year around 2100
(depending on the scenario). One of the causes of more
periods of extreme high temperatures in the summer is a
reduction in precipitation. This increases the chances of
the soil drying out, which in turn reduces the cooling
effect of evapotranspiration (KNMI 2011). The rise in
summer temperatures is greatest in the G+ and W+
scenarios because easterly winds are more frequent in
these scenarios, and these winds are usually warm. In the
W+ scenarios in particular, a summer like that of 2003
could almost be normal around 2050 (KNMI 2008b,
2009b).

At the same time, in all the scenarios the number of ice
days around De Bilt declines from g per year around 1990
to between 3 and 6 around 2050 to between 1and g per
year by the end of this century. Even in a warming climate,
consecutive years with cold winters will remain possible,
although this will occur less often. In the Netherlands,
cold winters are caused mainly by (extended) periods
with north-easterly winds, which bring cold air to the
Netherlands, whereas in most winters the prevailing
winds come from the south-west, bringing mild air from
the Atlantic Ocean. The decline in the occurrence of
extremely cold winters is smallest in the G scenario and
largest in the W+ scenario (in the G+ and W+ scenarios
winter winds come mainly from the south-west). All in all,
this means that, according to the KNMI'06 scenarios, heat
waves will be more frequent and the probability of a
winter cold enough for an Eleven Cities ice skating race
(Elfstedentocht) to be held will decline, but will still
remain a possibility (Visser and Strengers 2010).

Precipitation in winter expected to rise; the situation in
summer is unclear

Climate change may also resultin large changes in
precipitation and extreme precipitation around the
world. How precipitation in the Netherlands may change
during this century depends heavily on changes that may
or may not occur in the air circulation patterns (see Table
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Figure 2.14
Number of summery days per year

Number of days with a maximum temperature of
25 °Cor higher

1981 - 2010
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W+ scenario 2100 ,

Source: KNMI (2009b)
Average number of summery days per year (maximum temperature > 25 °C) in the period 1981-2010 and around 2050 (left) and 2100 (right) in the G
scenario (middle) and the W scenario (bottom). These two scenarios illustrate the full range of changes across the KNMI’06 scenarios.
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Table 2.3

Precipitation extremes (in mm) in De Bilt, today and projected for 2050, according to the four KNMI’06 scenarios

Precipitation 1 hour 1day
period

Recurrence Present G G+ W W+ Present
interval

1 year 14 15 - 17 - 3 36
10 year 27 30 = 33 = 54 60
100 year 43 48 - 53 - 79 88

Source: KNMI (2009a)

10 days
G+ W W+ Present G G+ W W+
35 39 36 80 85 81 89 82
57 66 60 114 122 116 130 119
84 98 88 143 154 146 164 150

The table must be read as in the following example: in the present climatic regime 43 mm of precipitation falls in one hour once every 100 years, and in 2050

in the W scenario 53 mm (+23%) falls in one hour once every 100 years.

2.1and 2.2; Lenderink and Van Meijgaard 2008). If the air
circulation patterns remain the same, the average annual
precipitation in the Netherlands is projected to rise by
between 3% and 6% by 2050 and by between 6% and
13% by 2100. If the air circulation patterns do change, this
could lead to a reduction in annual precipitation of
between 1% and 2% by around 2050, and to a reduction
of between 2% and 4% by around 2100 (KNMI 2009b).

This uncertainty is due mainly to the uncertainty
surrounding the changes in summer precipitation. The
Netherlands lies in a transitional zone. Climate models
indicate that summer precipitation in the areas to the
north of the Netherlands may rise and in the areas to the
south of the Netherlands may fall. A change in air
circulation in which more air flows to the Netherlands
from the east or south-east during the summer can lead
to adecrease in summer precipitation. If the air
circulation patterns do not change, a (slight) increase is
possible (Table 2.1 and 2.2). All four KNMI’'06 scenarios
give an increase in precipitation in winter (Table 2.1 and
2.2). In addition, in all the scenarios there is a likelihood of
fewer precipitation days in the summer. This is also the
case in the scenarios in which the total summer
precipitation rises (G and W scenarios).

Again, itis not possible to identify any spatial variation in
the possible changes in precipitation, except for extreme
precipitation events in the summer. This is because of the
spatial resolution of climate models and our limited
understanding of the climate system.

The severity of rainfall is expected to increase,
particularly in coastal regions

In all four KNMI'06 climate scenarios the severity of heavy
rainfall events increases in all seasons, including the
summer (Figure 2.15; KNMI 2009b, 2011). For example, the
daily summer precipitation that occurs once every ten
years will increase by between 10% (G+) and 54% (W) by
2100 (Table 2.1; Table 2.2). Increasing severity of summer

precipitation is therefore also possible in the scenarios in
which the average summer precipitation and the number
of days with rain are expected to decrease (G+ and W+
scenarios) (KNMI 2009b). This increase in extreme
precipitation is possible because as air warms up it holds
more water vapour (KNMI 2009a) and so when it rains,
the rainfall can be heavier, which may in turn lead to an
increas in water drainage floods (see Chapter 3).

The scenarios show different possible changes in extreme
precipitation in each of the seasons. The scenarios in
which the air circulation patterns do not change (Gand W
scenarios) show the greatest increase in rainfall intensity
in summer (Table 2.3). This increase is larger than the
changes in average precipitation. The possible increase in
winter is largest in the scenarios in which the air
circulation patterns change (G+ and W+ scenarios) (Table
2.1and 2.2). The severity of heavy showers over extended
periods (e.g. the 10-day winter precipitation total) may
then increase by more or less as much as the average
winter precipitation (KNMI 2009a). This can have an
important effect on river discharges, for example in the
Rhine.

Protected extreme precipitation in summer is one of the
few climate variables for which a spatial differentiation
can be given for the possible changes in future (KNMI
2009b). This is because of the influence of the North Sea.
The higher temperatures will cause more evaporation
from the North Sea and this moisture will be carried
westwards with the air circulation and fall as rain in the
Netherlands. The extreme precipitation in summer is
therefore projected to increase more in the coastal
regions of the country than further inland (KNMI 2009b).
For the other seasons it is as yet unclear whether the
changes will differ between regions.
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Figure 2.15
Number of days per year with 15 mm of precipitation or more

Number of days
20

Source: KNMI (2009b)
The number of days per year with 15 mm or more precipitation in the 19812010 period (top left) and around 2050 (left) and 2100 (right) in the moderate
G+ scenario (middle) and the warm W scenario (bottom). The two scenarios illustrate the full range of changes across the KNMI'06 scenarios.
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Figure 2.16
Maximum precipitation deficit per year
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Source: KNMI (2011)

Increasing precipitation deficit and increasing drought
The (maximum) precipitation deficit can also be used as
an indicator of drought. This is the precipitation minus
potential evapotranspiration over a period from 1 April to
30 September (KNMI, 2010). All four KNMI’06 scenarios
show anincrease in the maximum precipitation deficit
averaged over a number of years (Figure 2.16; Tables 2.1
and 2.2). The projected increase is largest in the G+ and
W+ scenarios, in which the temperature rises —in turn
increasing the rate of evaporation — while precipitation
decreases. In the W+ scenario this precipitation deficit
may increase from an average of 194 mm per year during
the past century to an average of 220 mm per year around
2050 (+50%) and to more than 290 mm per year around
2100 (+100%) (KNMI, 2009b). In 2100 the possible
precipitation deficit averaged over a number of years will,
however, still not be as large as in 1976, when the highest
precipitation deficit in the previous century was recorded
(361 mm). Extremely dry years will also occur in future. It
is expected thatin such years the precipitation deficits
will increase mainly if the air circulation patterns change.
In the W+ scenario this extreme precipitation deficit can
rise in individual dry years to ggo mm (Van Beek et al.,
2008). The increase in precipitation deficitin the
scenarios in which air circulation patterns do not change
(G and W scenarios) remains limited to a maximum of
10% in 2050.

Itis projected that the increasing precipitation deficitin
combination with lower river discharges (see Chapter 3)
could lead to more frequent and more intensive periods
of drought in many parts of the Netherlands, especially in
the G+ and W+ scenarios (Kwadijk et al., 2008). Under the

W+ scenario, a summer like that of 2003 — now
considered to be a dry summer - could become quite
normal by 2050 (KNMI, 2009b).

The spatial variability in the future maximum
precipitation deficit in the KNMI'06 scenarios (Figure 2.16)
is caused by the existing spatial variability in the climate.
Because less precipitation falls in the coastal zone and
evapotranspiration is slightly higher, the maximum deficit
and the probability of drought are greater there than
further inland (KNMI 2009b).

Changes in wind and storms are small and uncertain
The four KNMI’06 scenarios show a small variation in
projected wind speed in winter, varying from a very small
decrease to a limited increase. This means that the
highest daily average windspeed that occurs once every
winter can either decrease by 2% or increase by between
2% and 4% by 2100 (Table 2.2). The decrease observed
during recent decades may therefore not continue. The
changes are small relative to the observed year-to-year
variability and natural long-term fluctuations (KNMI
2006).

Further research into the underlying processes is needed
before more could be said about the frequency of storms
in future, including the occurrence of very severe storms
(which occur very infrequently but have major
consequences, as in 1953). At the moment there are no
indications that there will be more storms from a
northerly or south-westerly direction, which can lead to a
pile-up of water along the Dutch coastline (KNMI 2009b).
At the same time, it should be noted that the expected
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water levels during storm surges will rise as a
consequence of the projected rise in sea level (see
Chapter 3).

Note

1 Inaddition, the distance from and relative position to the
sun determine the cyclical changes in concentration over
centuries, millennia and longer.
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Effects on flood safety,
water availability and
water quality

3.1 Introduction

The Netherlands is a delta where four navigable rivers
flow into the North Sea: the Rhine, Meuse, Scheldt and
Ems. Water is ubiquitous in the Netherlands and water
management has been a key factor in the country’s
development. We have surrounded ourselves with dykes
to protect the land from excess water and we have
designed an extensive network of waterways, canals and
ditches to manage the water and prevent flooding,
watterlogging and drought. In the summer season we
depend to a large extent on the Rhine for our supplies of
fresh water.

The water management tasks are different in the higher
and lower lying parts of the country. Many of these tasks
come together in the lower lying parts of the country:
protection against coastal, river and drainage flooding,
drought, salinisation and water quality. In the higher lying
parts of the country the main problems relating to
climate change are water drainage flooding and drought.
In this chapter we analyse problems relating to water in
the light of climate change. We examine flood safety,
water availability and water quality. We look back (what
changes have already been observed?) and forward (what
changes are projected for the future?). The outlook is
based on the KNMI’06 scenarios (Chapter 2) and — where
relevant - a few more extreme scenarios.
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3.2 Flood safety

Almost 60% of the Netherlands is vulnerable to flooding
(Figure 3.1; PBL, 2009). Fifty-five per cent of the country
lies below sea level or along rivers, protected by dunes,
coastal and river dykes; and 4% of the country lies
outside the dykes and is not protected by any flood
defences. Climate change can affect flood safety in these
areas of the country in various ways. Important factors
that canincrease the risk and scale of flooding are sea
level rise, either on its own or in combination with
possible changes in the intensity of storms at sea, and a
possible increase in peak river discharges. Extreme
weather events are not necessary for these effects to
occur. For example, in January 2012, a storm coinciding
with high river discharges caused high water levels in, for
instance, the Haringvliet and some flooding around the
Drecht cities. If climate change leads to more frequent
high river discharges, the probability of such events will
increase, especially in combination with a rising sea level
(Klijn et al., 2010).

Additional flood protection measures will also be needed,
because the size of the resident population and the value
of the economic infrastructure in the flood-prone areas
have increased considerably since the 1950s. Itis
expected thatin the coming decades this problem will
increase by two to three times, depending on the growth
of the population and the economy (PBL, 2007, 2011; Te
Linde et al., 2011). In the Delta Programme, calculations
are being made to determine whether, and to what
extent, flood safety policy should be amended to take



Figure 3.1
Flood-prone areas, 2005

Source: PBL (2009)

Within dyke rings
Below sea level (NAP): 26%

Above sea level (NAP): 29%
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the dykes: 3%
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*) Floodable stretch of the undyked
part of the River Meuse within
the 1/250 contour.

account of the increasing potential economic damage and
risk of casualties (Deltaprogramma, 2010, 2011).

Sealevel rise

During the past century, the sea level along the Dutch
coast has risen by about 20 centimetres; so far, the rate of
rise has not been observed to increase

During the 20th century, sea levels around the world rose
by about 17 cm, or on average by 1.7 mm per year (IPCC,
2007, 2011). Along the Dutch North Sea coast the rise was
about 20 cm (Katsman et al., 2008; Dillingh et al., 2010;
CBS et al., 20113a; Figure 3.2). Important causes of sea level
rise are the expansion of sea water (due to the higher
temperature of the water) and the melting of the
Greenland and Antarctic ice sheets and the glaciers. The
melting of the Greenland and Antarctic ice sheets
currently accounts for arise in sea level of about 0.5 mm
per year (Katsman et al., 2008).

Since 1993, the global average sea level has risen more
quickly than before, currently by about 3 mm per year
(Katsman et al., 2008). Because the series of satellite
measurements of sea level rise is short, it is still unclear
whether this represents a trend break or whetheritis a
temporary phenomenon.

So far, noincrease in the rate of sea level rise has been
observed at the Dutch coast (Katsman et al., 2008;
Dillingh et al., 2010). However, the rise in sea level does
vary considerably along the relatively short Dutch

coastline; in the 2oth century the increase varied from 13
centimetres at Harlingen in the north to 24 centimetres at
the Hook of Holland (CBS et al., 2011a). This geographical
variation is partly the result of human interventions —in
particular, changes in the Wadden Sea area following the
closure of the Zuiderzee and dredging operations. In
addition, the year-to-year variability in sea level is
considerable and is caused by differences in wind speed,
air pressure, water temperature and salt content under
the influence of the inflow of river water. Finally,
fluctuations in the distance to the moon also lead to
differences in sea level of a few centimetres (cycle of just
over 18 years).

Future sea level rise is highly uncertain

Future changes in sea level are uncertain. This is because
there are gaps in our understanding of the climate system
and the melting of the Greenland and West Antarctica ice
sheets and uncertainties about future emissions of
greenhouse gases (IPCC, 2007; IPCC, 2011; Dilling et al.,
2010; EEA, 2012). All scenarios project an increase in the
rate of sea level rise relative to the current rate (KNMI,
2006; PBL, 2007; Deltacommissie, 2008), but the extent
of possible sea level rise differs between scenarios (Figure
3.3). All scenarios also indicate that the rate of sea level
rise may continue to increase for many decades or even
centuries. For one thing, many factors that influence sea
level — such as the melting of the ice sheets and the
warming of the oceans —react slowly to changes in the
climate. Even if emissions reductions lead to a slowdown
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Figure 3.2
Sea level at the Dutch coast
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in the rise in global temperature, this will only have an
effect on the sea level after many decades or even
centuries (e.g. see IPCC, 2007 and 201m1).

KNMI’06 scenarios

The KNMI’'06 scenarios give a possible sea level rise along
the Dutch coast of between 15 and 35 cm by 2050 and
between 35 and 85 cm by 2100 (Figure 3.3; Table 3.1). For
the period after 2100, the sea level is projected to
continue to rise, possibly by about1to 2.25 m by 2300.
These projections include the thermal expansion of ocean
water as well as changes in Atlantic Ocean circulation, the
melting of glaciers and small ice sheets and the shrinking

g0

of the large ice sheets on Greenland and Antarctica (KNMI
2006; Katsman et al. 2011a).

The KNMI’'06 scenarios do not include the possible effect
of changes in gravitational pull due to the melting of the
Greenland and Antarctic Ice Sheets and of glaciers and
smaller ice masses (= gravitational effect). Thisis a
physical process that has an immediate effect on the sea
level. When the KNMI’06 scenarios were prepared, there
was still considerable uncertainty about the size of this
gravity effect. Based on current understanding and
scenarios, it is expected that the melting of the ice sheets
will lead to a lower overall rise in sea level off the Dutch



Table 3.1

KNMVI’06 scenarios for sea level rise in 2050 and 2100 (in cm)

G/G+ W/W+
2050 2050 2100 2100
Global temperature rise 2100 +1°C +2°C +2°C +4 °C
Sealevel Rise off Dutch coast without land 15-25 cm 35-60 cm 20-35Cm 40-85cm
subsidence (= absolute rise)
Rise off Dutch coast, corrected for gravity 15—-25 CM 30-55 CM 20-35Cm 40—-85cm
effect (based on Katsman et al. 2008)
Source: KNMI (2006), Katsman et al. (2008, 2011a,b)
Figure 3.q
River discharge River Rhine at Lobith (the Netherlands)
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coast than the global average. This is because the
Netherlands lies relatively close to Greenland. The effect
of all this on sea level rise, however, will remain limited
until 2100 (between 5 and 15 cm for KNMI’06 scenarios
(Katsman et al., 2011b)), as the melting ice sheets will only
make a limited contribution to global sea level rise this
century, compared with other factors of sea level rise.
The possible sea level rise around 2200 may not be in the
range of 2 to ¢ metres, but could be go to 60 cm lower
than this (Katsman et al., 2011b).

River discharges

Higher river discharges observed especially in winter; no
trend in extreme discharges

The discharges of the Rhine and Meuse rivers are a
relevant factor in the risks of flooding and drought in the
Netherlands. Over the past century, the average annual
discharge has hardly changed. However, changes have
been observed in the average monthly river discharges.

Discharges from the Rhine have increased by 9% during
the winter months and decreased by 9% in summer

(Figure 3.4).

So far, extreme low and extreme high discharges have
also not been observed in either the Rhine or the Meuse
(Figure 3.5). The extreme high peak discharges are
indicative of flood risk; extreme low discharges are
important for freshwater availability in the Netherlands.
The lack of any observable trend in these data series is
due to the large natural variability in river discharges
(Deltares, 2010). This lack of any observable upward trend
in discharges also applies to many other European rivers
(EEA, 2008 and 2011).

River discharges are projected to increase further in
winter and decrease further in summer

The four KNMI'06 scenarios show that increasing
warming and changing precipitation patterns can lead to
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Figure 3.5
Maximum water discharge

River Rhine at Lobith (the Netherlands)

thousand m3 /s
16

o —

1900 1920 1940 1960 1980 2000

River Meuse at Borgharen (the Netherlands)

thousand m3 /s

o —

1900 1920 1940 1960 1980 2000

Source: Klijn et al. (2010)

2020

2020

yet further changes in river discharges in the Netherlands
(see also Deltares 2010). This applies to both the annual
and monthly average discharges as well as the extreme
high and low discharges.

The four KNMI'06 scenarios show a clear increase in
average winter discharges for both the Rhine and the
Meuse. For the Rhine the increase to 2100 lies between
12% and 27%; for the Meuse the increase lies between 6%
and 18% (Table 3.2; Figure 3.6). This projection for winter
discharges is consistent across the scenarios and can be
explained by rising temperatures and precipitation
throughout the catchment areas of both rivers. Higher
temperatures in the Alps will lead to more rain falling
there instead of snow, and the snow will melt earlier in
the year, causing the Rhine discharge in winter and spring
to increase.
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For the summer and autumn the scenarios give a more
varied picture (Figure 3.6) because of differences in
projected precipitation. In the G and W scenarios the
declining effect of high temperatures (and increasing
evaporation and less snowfall) on river discharges is
compensated by increasing precipitation in the
catchment area (Chapter 2), resulting in very little net
change inriver discharges. The situation is different in the
scenarios in which air circulation patterns change (G+ and
W+). In these scenarios, summer precipitation decreases
substantially (Chapter 2) and consequently the river
discharges also decrease in summer and autumn. In the
extreme W+ scenario the Rhine discharge in summer
(now on average 1,800 m3/s) decreases by more than 40%
to less than 1,000 m3/s in 2100 (Table 3.2); in the autumn
the percentage decrease is higher, up to about 60% in
October (Kwadijk, 2008; Klijn et al., 2011).



Figure 3.6
River discharges of Rhine and Meuse, 2100

River Rhine at Lobith (the Netherlands)

m3/s m3/s

4000 — 800 —

1000 —

River Meuse at Monsin (Belgium)

—— G scenario
G+ scenario
—— W scenario

— W+ scenario

Source: Kwadijk (2008); Klijn et al. (2011)

In the summer the Meuse already discharges little water,
but even this limited flow decreases substantially in the
G+ and W+ scenarios. The W+ gives a decrease in river
discharge in 2100 of roughly 25% during the summer
months (Table 3.2) and as much as 50% during the
autumn (Kwadijk, 2008; Klijn et al., 2011). Such low river
discharges in summer can have major consequences,
especially in combination with higher temperatures. Low
river levels can hamper inland shipping and have an
adverse effect on water quality and the availability of
fresh water and cooling water in large parts of the
country. The possible changes in river discharges are
greater for the Rhine than for the Meuse, which is a rain-
fed river and is therefore less dependent on snowmelt.

Peak discharges are expected to increase, depending on
upstream measures

For effective flood risk management in the Netherlands it
is important to assess how climate change may affect the
extreme high or peak discharges of the Rhine and Meuse.
At the moment the safety standard for the Rhine-Meuse
floodplain is 1/1,250 years; in other words, the dykes
should be able to withstand a high water event that can
be expected to occur once every 1,250 years. The water
levels that the dykes must be able to withstand are
calculated using ‘design discharges’, defined as the
discharges that will occur on average once every 1,250

years. At the moment, this design discharge for the Rhine
(at Lobith) is 16,000 m3/s and for the Meuse (at Borgharen)
itis 3,800 m3/s (Kwadijk, 2008). Given the planned flood
protection measures and areas reserved for water
retention and river bypasses — for example, under the
‘Room for the River’ programme - this design discharge,
in time, could be raised for the River Rhine to 18,000 m3/s.

Although no clear trend has yet been observed in the
peak discharges of the Rhine and Meuse (see above), it is
projected that further climate change will lead to an
increase in peak discharges, especially in the winter and
spring. This projection is based on the possible rise in
precipitation amounts in the catchments areas of both
these rivers, particularly in these two seasons. In
addition, less water will be retained because the higher
temperatures will cause more precipitation to fall as rain
and less to fall as snow. This situation occurs in all the
KNMI'06 scenarios.

Under a moderate G scenario, the maximum Rhine
discharge in the period to 2100 could increase from
16,000 t0 18,500 m3/s, and under the most extreme W+
scenario to as much as 21,500 m3/s (Table 3.2) (Kwadijk
2008; Klijn et al. 2011). In all scenarios, therefore, the
maximum discharge of 18,000 m3/s will be exceeded
before around 2100. Also, the current design discharge of

a3



Table 3.2

Range of maximum Rhine discharges (in m3/s) in 2100 in the KNMI’06 scenarios for different return periods*

Rhine

50 100
Control (1901-2004) 11,500 12,500
Minimum projection 13,000 14,500
2100 (G)
Maximum projection 15,500 17,000
2100 (W+)

Source: Kwadijk (2008), Klijn et al. (2011)

*These take no account of possible flooding upstream of the Netherlands.

Return period (years)

250 500 1250
14,000 15,000 16,000
16,000 17,000 18,500
18,500 20,000 21,500

16,000 m3/s, which occurs once every 1,250 years now,
could occur between once every 250 years (G scenario) or
once every 50 years or less (W+ scenario) in 2100. Peak
discharges now considered to be high or extremely high,
could therefore occur much more frequently in 2100.

For the Meuse, the projected changes in peak discharges
are smaller. The Meuse discharge that occurs once every
1,250 years is now 4,100 m3/s. This can increase to 4,250
m3/s in 2100 in the G+ scenario and to 4,850 m3/s in 2100
in the W scenario. The current standard of 3,800 m3/s will
therefore in all probability be exceeded increasingly often
(Kwadijk 2008).

The amount of water entering the Netherlands via the
Rhine is determined largely by the water management
measures taken in the upstream areas. It is therefore not
only climate change that influences the river discharges at
Lobith, but also what happens further upstream in the
catchment areas of the Rhine and the Meuse. The
extreme high peak discharges, as presented above, are
based on the assumption that all the river water can
reach the Netherlands. In reality, for the Rhine this also
depends on any flood protection measures taken in
Germany. Even after completion of the current
improvement programme, the protection level in
Germany will still be lower than that in the Netherlands.
This means that in Germany it will be difficult to contain
discharge waves of more than 15,000 m3/s and flooding
will occur, which will attenuate the discharge wave before
it reaches the Netherlands. If Germany makes no changes
toits flood protection regime and does not further
increase its flood safety standards, the maximum
discharge in the Rhine at Lobith will be lower than the
estimates given in Table 3.2. For a potential discharge
wave of 22,000 m3/s, the discharge entering the
Netherlands would lie within a range of 15,000 to 17,500
m3/s (Deltacomissie 2008; Te Linde 2009; Figure 3.7). In
this case, the probability of a future design discharge of
18,000 m3/s (following implementation of the ‘Room for
the River’ programme) being exceeded would then be
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minimal. Even the current design discharge of 16,000 m3/s
would be exceeded just once every 178 years instead of
once every 53 years.

However, the water could reach the Netherlands in other
ways than via the rivers; for example, if flooding occurs in
areas next to the Dutch border or if more water is
retained in such areas. And should Germany increase its
flood safety standards in future, reducing the possibilities
for flooding, higher peak discharges will also reach the
Netherlands.

For the Meuse the situation is different because this river
flows through a relatively narrow valley upstream of the
Netherlands, which reduces the possibilities for reducing
the discharge wave.

Because sea level rise is a slow process, controlling peak
discharges will be the greatest challenge for flood safety
in the Netherlands (see also PBL 2007, 2009), although
the changes will also depend on the water management
regime further upstream. It is expected that larger areas
in the floodplain will be needed to manage any higher
peak discharges. In the decades to come the future scope
for effective flood protection in this area will be affected
by decisions on land use in the Rhine-Meuse floodplain,
particularly those on urban development (PBL 2011).

3.3 Water drainage flooding and
drought

Climate change also has an influence on the availability of
fresh water in the Netherlands, resulting in both too
much water (causing water drainage flooding) and a
shortage of water (causing drought). In urban and rural
areas, water drainage flooding occurs when the water
cannot be removed quickly enough, causing damage to
buildings or crops and disruption to traffic (RIZA 2007).



Figure 3.7

Impacts of upstream flooding in Germany on peak discharges at Lobith (the Netherlands)
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Upstream flooding

® Along the entire River Rhine
(Lammersen, 2004)

® Onlyinthe lower part of the River Rhine,
just before the Dutch boarder
(Gudden, unpublished)

_~~ Situation without upstream flooding

Observed trend and possible future changes; increase in
water drainage flooding, not in drought

In recent years, various places in the Netherlands have
been repeatedly affected by water drainage floods (Klijn
et al., 2010); for example, in the province of North Holland
in the summer of 2006 and the autumn of 2007. This
increase is related to the very heavy rainfall which has
become more frequent in late summer in recent years,
particularly along the Dutch coast (Chapter 2). One of the
reasons for these heavy showers is the higher water
temperature of the North Sea (KNMI 2009b). The
increasing occurrence of both intense precipitation
events, and water drainage flooding means that there is
already a need to counter the changes in both urban and
rural areas. In 2003, working standards were set for the
acceptable risk of damage caused by flooding from
surface water. These working standards depend on the
type of land use and vary from once every 10 years for
grassland to once every 100 years for built-up areas. The
National Administrative Agreement on Water states that
the water systems in the lower lying and higher areas of
the Netherlands and in the urban areas must comply with
these standards by 2015, also with a view to climate
change (VenW 2003).

Inrural areas, regional water authorities have already
taken measures under the Water Management for the
21st Century programme. In the coming years in urban
areas, maintenance and replacement works (sewers),
urban restructuring and new developments will have to
incorporate the principles of climate-resilient layout,
design and construction (PBL, 2011).

Although temperatures are rising, there has been no
observable trend in the occurrence of extreme drought
within a year between 1906 and 2007, averaged across
the Netherlands. However, the average water availability
in the summer period has decreased due to an increase in
excess evapotranspiration and a decrease in the average
discharge of the Rhine. There are regional differences: the
coastal zone is relatively drier than the rest of the country
in spring and early summer, but this situation is reversed
in late summer and autumn (KNMI 2008). These regional
differences are due mainly to the regional differences in
precipitation and evaporation patterns (Chapter 2).

Increasing risk of water drainage flooding and periods of
drought

Based on the observed relationships between
temperature and precipitation, it is projected that the
probability of extreme precipitation will increase further
during the 21st century. In all the KNMI'06 scenarios the
temperature continues to rise (Chapter 2), which means
that the air can hold more water vapour and so when it
rains, more rain can fall during each shower. More
extreme precipitation events will in turn increase the risk
of water drainage flooding, both in urban and rural areas
(PBL 2009). The largest increase is expected in the
scenarios in which air circulation patterns remain the
same (G and W scenarios), because the possible short and
intense precipitation extremes (which are often the cause
of flooding) are projected to increase the most in these
scenarios (see Chapter 2). In the G+ and W+ scenarios the
effects will be less severe.
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Figure 3.8
Frequency of water drainage floods

1981-2010; ONCe every 25 years

W scenario 2100; once every 25 years
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Source: Immerzeel et al. (2010); Van de Sandt et al. (2010)

To quantify the probability of water drainage flooding,
the changes in precipitation patterns have been
combined with models that describe subsurface and
surface drainage. These studies project that the
probability of water drainage flooding will rise in large
parts of the Netherlands (Figure 3.8). The calculations
indicate that the biggest increases can be expected in the
lower lying parts of the country and along the rivers. In
these areas the water table is higher, which limits the
storage capacity of the soils. However, the degree to
which the changes in intense precipitation events will

actually lead to water drainage floods depends heavily on
the local properties of the water systems.

In the G+ and W+ scenarios, periods of drought during
summer are projected to be more frequent and more
intense throughout the whole country. In the Gand W
scenarios such drought periods may remain more or less
the same as at present. The higher frequency in the G+
and W+ scenarios is caused by the projected sharp drop in
summer precipitation (Chapter 2), in combination with
lower river discharges (in other words: lower water
supply) in the summer.



Given the uncertain trends in drought and salinisation in
relation to climate change, it is not clear at the moment to
what extent structural alterations to the water supply
system will be needed. However, the problem can be
aggravated if more water is used upstream, thus reducing
the volume of water flowing into the Netherlands via the
Rhine and Meuse, because water availability in the
Netherlands is closely related to the amount of water
entering the country, primarily via the Rhine. For the
Meuse catchment, the Netherlands and Belgium have
made agreements in the Meuse discharge treaty on the
distribution of Meuse water during periods of low
discharge. For the Rhine there are currently no
international agreements on the distribution of water
during periods of drought, and the amounts of water
involved are still in doubt.

3.4 Water quality: salinisation and
eutrophication of groundwater
and surface waters

Climate change can exacerbate existing water quality
problems and the effects of these on agriculture,
recreation and nature conservation. There are various
reasons for this:

- Water temperature has a strong effect on the
ecological status of rivers, ditches and lakes. These
effects occur mainly when water levels are low and
during very hot periods. A ‘tipping point’ is reached at
water temperatures of 20 to 26 °C, beyond which the
physiology (e.g. growth and reproduction) of many
animal species changes and the risk of mortality
increases (Zwolsman and Van Vliet 2007; Kwadijk et al.
2008; Witte et al. 2009). The range of temperatures
defining this tipping point is due to the different
sensitivities of species.

« Ahigher average temperature can lead to the release of
more nutrients in surface waters (Andersen et al. 2006;
Kastea et al. 2006; Malmaeus et al. 2006), which can
lead, among other things, to more blooms of the
‘ordinary’ green alga and the blue alga. Algae starve
the aquatic environment of oxygen and blue algae
causeillness. Blue algae become dominant at water
temperatures above 25 °C.

- Salinisationis increasing in the lower lying parts of the
Netherlands as a result of (i) lower river discharges
during the summer; (ii) sea level rise, leading to
increasing intrusion of salt water via the rivers; (iii)
increasing saline seepage — due to sea level rise and
land settlement - in the zones behind the dunes and
dykes. This salinisation can be countered by flushing
the water system with fresh water, but the availability

of freshwater supplies may become problematic
- particularly in summer.

» More frequent and/or intensive drought periods lead to
lower river discharges, which in turn lead to higher
concentrations of heavy metals, nutrients and other
substances (Van Vliet and Zwolsman 2008).

» The concentration of nutrients is increasing in stagnant
water (e.g. lakes) and sink waters (e.g. the North Sea).
Intense precipitation events cause greater leaching of
nutrients (first flush events), which cannot then be
taken up by crops, but accumulate in surface waters.

A number of these problems will be discussed in one of
the subsequent sections, which describes possible direct
effects on human health. Here we look mainly at water
temperature and salinisation.

Observed trends and possible future changes
Higher water temperature

The temperature of many lakes, streams and ditches in
the Netherlands is increasing, in line with the rising air
temperature (Van Vliet and Zwolsman, 2008; Loewe et
al., 2008). This has led to an observed higher
concentration of nutrients and earlier growth of blue
algae (Witte et al. 2009). The average annual temperature
of the water in the Rhine has risen by almost 3 °Csince
1910 and the temperature of the Meuse water has risen by
2.5 °C (Figure 3.9). About two-thirds of the increase in the
temperature of the Rhine water is a consequence of the
increased use of cooling water from the Rhine in Germany
and the remaining third of the measured temperature
increase is due to climate change (VenW 2008). This
temperature rise means that the number of days when
temperature standards for river water are exceeded is
also increasing, leading to more frequent problems for
water users (e.g. cooling water).

Streams, lakes and mire pools have also become warmer
inrecent decades. Between 1974 and 2009 the average
annual temperature of mire pools and lakes in the
province of Drenthe, for example, rose by an average of
1.5 °Cand streams have become 0.8 °C warmer
(Wanningen et al. 2010; De Vries 2011). The smaller rise in
temperature in the streams has to do with their natural
flows. Also, over the last ten years the average
temperature of the water in the North Sea has risen to
more than 1 °Chigher than the average over the previous
thirty years, although the temperature in 2011 was again
relatively low.

Water temperature projected to rise further: constraints
on water uses

Given the projected temperature rise (under the KNMI
scenarios) and the increase in the number and length of
hot periods in the summer (Chapter 2), it is expected that
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Figure 3.9
River water temperatures

River Rhine at Lobith (the Netherlands)

River Meuse at Eijsden and Borgharen (the Netherlands)
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the temperature of the water in Dutch rivers, lakes and
ditches will increase further (Van Vliet and Zwolsman
2008). Because the discharge of cooling water is a major
contributor to this increase in water temperature, it is
important that permits for discharging cooling water take
account of arise in the temperature of river water as a
result of climate change. This in order to prevent the 25 °C
standard being exceeded over long periods of time.

Salinisation of surface waters, but not groundwater
Salinisation is primarily a water quality problem for
agriculture in the lower lying parts of the Netherlands.
The salt content of lakes, rivers, ditches and canals varies
widely from year to year and is related to the variability of
the climate and the weather and fluctuating river
discharges (Van Beek et al. 2008; Klijn et al. 2011). Higher
salt contents are most likely in dry periods because the
influence of saline groundwater seepage is then greater
and the salt content of intake water is also higher. Periods
with high salt contents (as in the summer of 2003) and
very high salt contents (as in the summer of 1976) are
relatively scarce (Beersma et al. 2005). Figure 3.10 shows
the salt concentrations for a relatively dry year, such as
1989. In such years elevated salt concentrations are found
mainly in the coastal regions of Zeeland and in the north
of the country (Klijn et al. 2011).
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During periods of drought or extreme drought and high
salt concentrations in surface waters, some river intakes
forirrigation and drinking water have to be closed
(Beersma et al. 2005). This is a particular problem at the
intake points at Gouda and Bernisse. Other intakes
experience fewer problems during such dry periods.

Problems of salinisation projected to increase
Continuing climate change, sea level rise and decreasing
river discharges in summer are projected to lead to
increasing salinisation in the course of this century,
especially in parts of the province of Zeeland, where high
levels are already observed, and — to a lesser extent—in
the reclaimed lakes in the provinces of North Holland and
South Holland and the lower lying areas of Friesland and
Groningen (Figure 3.10). Also, salt concentrations in
excess of current standards will more frequently present
a problem for the intake of river water (Beersma et al.,
2005). In a moderate G scenario (KNMI'06) the frequency
of saline and extremely saline periods at intakes such as
Bernisse and Gouda will change from a slight increase to
almost a doubling compared with the situation in the
present climate. In more extreme scenarios (such as the
W+ scenario with maximum sea level rise), the intake
water at Gouda will exceed the current standard during
almost six months of the year.



1HBEE

Figure 3.10
Salinity of surface water, on 1July of a dry year
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Itis projected that the quality of the groundwater will not
change appreciably as a result of climate change (Kwadijk
etal.2008).
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Effects of climate change
on ecosystems and

biodiversity

4.1 Introduction

Many Dutch ecosystems and habitats are characteristic of
the Netherlands as a European delta and are of
international importance (Figure g.1). Past Dutch
environmental and nature conservation policies have led
to areduction in environmental pressures on nature in
the Netherlands, and protected areas have been enlarged
and connected. Despite this improvement, falling water
tables, eutrophication, acidification, climate change and
habitat fragmentation remain problematic (PBL 2009,
2010) and are causing continuing loss of biodiversity in
many ecosystems (PBL 2008).

Here we present an update on the observed and possible
future effects of climate change on ecosystems and
biodiversity. Climate change presents opportunities for
some species and communities and threats to others,
with some species being much more vulnerable to the
effects of climate change than others (Blom et al. 2009).
Climate change affects ecosystems and species in various
ways (Figure g.2).

4.2 Observed changes

Cold-loving species declining, new species increasing
Rising temperatures and changes in precipitation

patterns may cause a decline in the population size of
species for which the Netherlands forms the southern
boarder of their range (these are so-called cold-loving
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species). On the other hand, warm-loving species for
which the climate in the Netherlands used to be too cold
may expand their range northwards into the country.

Changes in range and population size have frequently
been observed in the Netherlands (Nijhof et al., 2007; CBS
etal., 2011b). Figure 4.3 shows that populations of cold-
loving species declined rapidly in the 1990s — when the
global temperature rose relatively sharply — whereas
warm-loving species are benefiting from the rising
temperature (PBL, 2010). A shift in population size has
been observed in various different species groups, such
as birds, insects and amphibians (Figure 4.3), lichens (CBS
etal., 2010), fungi (Arnolds and Veerkamp, 2008) and
plants (Tamis et al., 2005). During the past ten years
effective conservation measures have halted the decline
of some cold-loving species, such as a few frog species
(CBS et al., 20110).

The warming of the climate is making the Netherlands
suitable for many species for which it was previously too
cold. Known warm-loving newcomers are the wasp
spider, the oak processionary caterpillar and several
species of cricket. For example, until the 1980/90s the
wasp spider was restricted to a few places in the south of
the Netherlands, but can now be found in large areas of
the country (Moraal et al. 2004; Van Oudenhoven 2008;
CBS et al. 2011€).

Changes in species composition for which climate change
is partly responsible have also been observed in the



Figure g.1
International importance of Dutch nature, 2000
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Figure gq.2
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Figure q.3
Climate change impacts on species in the Netherlands
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North Sea (ICES, 2009; Brander, 2010; Teal, 2011; Van Hal
et al., 20m1). This applies to many species groups of
zooplankton and some fish species, but not to marine
mammals such as dolphins and seals (Van Hal et al., 2011).
The number of plankton species of temperate zones has
increased, whereas the number of subarctic species has
declined (ICES, 2009; Brander, 2010). The changes in fish
populations cannot be ascribed entirely to climate change
because intensive fishing has put some species under
threat and benefited others (Brander, 2010).

Changing bird migration patterns

The warmer winters in particular have led to a declinein
the number of migratory birds from the north
overwintering in the Netherlands, while an increasing
number of breeding birds in the Netherlands remain in
the country throughout the year and do not migrate
further southwards (Visser et al., 2009; SOVON, 2011). For
example, in response to the higher winter temperatures,
the centre of the winter distribution of the grey plover has
shifted 115 km in a north-easterly direction (Maclean et
al., 2008; Devictor et al., 2008).

Growing seasons starts earlier

One of the clearest effects of climate change on nature in
the Netherlands is the shift in the growing season (see
also www.natuurkalender.nl; CBS et al. 2010¢). Spring
plants like lesser celandine now flower two to three
weeks earlier in the year than fifty years ago, and over the
period from 1986 to 2009 many songbirds started to lay
their eggs almost ten days earlier in the year (Figure 4.4).
Higher temperatures in spring are most probably an
important reason for this (SOVON 2011).
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Itis unclear what consequences this shift in growing
season will have for biodiversity and the functioning of
ecosystems. Food chains may be disrupted because
plants and animals do not respond in the same way to a
warmer spring (Both et al. 2009; Durant et al. 2007),
causing an increasing mismatch between the timing of
biological events that used to coincide. For example,
young birds may hatch at a time when there is no peak
supply of food (Schweiger 2008). This mismatch can
already be seen for the pied flycatcher, but so far it has
not led to a fall in numbers (PBL 2010; CBS et al. 2011d;
SOVON 2011). The birds may have been able to adapt by
finding other sources of food (SOVON 2011). However, it is
not known whether they will be able to make further
adaptations as climate change continues.

Climate change influences site conditions

Climate change can also influence site conditions.
Depending on what the net effects of climate change will
be, the outcome for the functioning of species and
ecosystems may be either positive or negative.

So far climate change has had a limited effect on site
conditions. Observed changes mainly concern water
conditions, for example the higher temperature of the
rivers and the North Sea (Puijenboek et al. 2009; Van Hal
et al. 2011) and the salinisation in the south-west of the
Netherlands in particular (Witte et al. 2009a; PBL 2010).
Higher water temperatures can lead to anincrease in the
internal temperature of cold-blooded species such as
fish, impairing their physiological functioning. Moreover,
at higher temperatures water may contain less oxygen
and low oxygen contents have been found along the



Figure q.4
Egg-laying date of songbirds in the Netherlands
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North Sea coast (Portner and Knust 2007) and in the
Dutch rivers. As larger organisms generally need more
oxygen, they will be affected more by declining oxygen
availability. Less favourable conditions are more likely to
occurin summer. Allin all, these changes have not yet led
to critical situations (Deltares 2008), which may be due to
the general improvement in water quality (CBS et al.
2011f).

Climate change exacerbates existing pressure factors
Climate change is just one of the pressure factors on
ecosystems and biodiversity. Until now factors such as
falling water tables, eutrophication and fragmentation
have been the dominant pressure factors (PBL 2009,
2010), but climate change can reinforce the effects of
these pressure factors and vice versa (Piessens et al.
2008; PBL 2010). Creating larger areas of habitat,
intended to combat fragmentation, can permit species
populations to survive under the influence of (rapid)
climate change (Ozinga et al. 2007; Schippers et al. 2011).
Climate change can also exacerbate the effects of falling
water tables. More frequent dry periods, for example,
reduce the chances of restoring raised bogs (Bijlsma et al.
2011).

4.3 Possible future effects of climate
change on ecosystems and
biodiversity

Itis expected thatin future climate change will have

greater effects on ecosystems and biodiversity in the
Netherlands than have been observed so far, although

the uncertainties surrounding future climate change are
high. The effects of these future changes will be beneficial
for some plants and animals and disadvantageous for
others, an important aspect being the adaptive capacity
of species. The speed at which climate change occurs will
also determine the nature and severity of these effects
(Schippers et al. 2011).

Changes in geographical distribution

Depending on the degree and rate of further temperature
rise and changes in precipitation patterns, the shiftin
suitable climate zones for many plant and animal species
may be either large or small (Geertsema et al. 2009; Van
der Veen et al. 2010). In an extreme climate scenario
almost 40% of the species currently characteristic of the
Netherlands could be ‘on the move’ by 2100 (PBL 2010).

Relatively large shifts are projected for species of wet
heath and raised bog, and for some bird species (Figure
q.5) (Van der Veen et al., 2010). For these species the
climate in the Netherlands could become less suitable. In
contrast, the Netherlands could become potentially more
suitable for amphibians, butterflies and reptiles. Not only
may the populations of species already presentin the
Netherlands be able to expand, but the new climatic
conditions may also suit new species for which the
Netherlands used to be too cold, such as the Cetti’s
warbler (PBL, 2010). However, whether these species will
be able to establish themselves in the Netherlands also
depends on the availability of suitable habitats, as well as
the interactions between species and the presence of
predators.
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Figure 4.5

Spatial Distribution according to suitable climate zone, 2100
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Changes in site conditions and effects on ecosystems
and biodiversity

Itis expected that continuing climate change will also
have further effects on biodiversity and ecosystems via
changes in water quality and availability. Regarding water
availability, the scenarios with changing air circulation
patterns (KNMI'06 G+ and W+ scenarios) show possible
water shortages in future. These changes will have direct
and indirect effects on ecosystems and biodiversity in the
Netherlands. First, ecosystems that are heavily
dependent on rainwater, such as heathland and forests
on sandy soils and glacial ridges, may face increasing soil
moisture deficits in the growing season. This could lead
to a more open vegetation cover and an increase in the
proportion of early flowering plants and species with a
summer rest period (Witte et al., 20093, 2009b, 2012).
Second, the development of wet ecosystems, such as
raised bog and wet heath, may become difficult,
especially in the W+ scenario (PBL, 2010), because of
increasing fluctuations in the moisture regime, with more
frequent alternation between very wet and very dry
periods. Finally, more frequent extended dry periods
(most likely in the G+ and W+ scenarios) may lead to more
frequent dry soils, which among other things may
increase the risk of natural fires (Boosten et al., 2009). At
the moment the risk of natural fires in the Netherlands is
quite low, butin very dry summers, as in 2003, and which
in the W+ scenario will become fairly normal around
2050, the number of such fires have been three times
higher than average (CBS, 2004g).

Climate change also influences water temperature and
nutrient availability, and thus affects plants and animals.
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The temperature of many rivers and lakes has already
risen and will rise further in future. As temperatures rise,
the oxygen content of the water will decline, which can be
a problem to some fish species that could die at
temperatures of between 23 °Cand 26 °C (PBL, 2010).
Moreover, areas along the rivers may be flooded more
frequently and for longer periods because of higher river
and stream discharges in winter (in all KNMI'06
scenarios). This will increase the availability of nutrients,
which in turn will lead to changes in species composition
(Heijmans and Berendse 2009). Finally, salinisation may
become more problematicin large areas of the lower
lying parts of the Netherlands. Although salinisation
levels may also increase without climate change (e.g.
through land settlement), climate change and the
associated sea level rise and low river discharges can
speed up this process. Moreover, the possibilities for
countering salinisation by flushing the water system with
fresh water may be restricted because of reduced
supplies of fresh water. This situation will arise mainly in
the driest W+ scenario and to a limited extentin the G
scenario (Kwadijk et al. 2008).

Spatial adaptation as a possibility for climate-proofing
ecosystems

Climate-resilient ecosystems require large and connected
nature areas that are heterogeneous and contain multiple
natural processes, a high level of biodiversity, and
improved site conditions (PBL, 2010). As climate zones
shift, an important condition for climate-proofing
ecosystems in the Netherlands may be the existence of a
good ecological network, such as the Dutch National
Ecological Network (EHS) and European Natura 2000



Figure 4.6

The potential for international connection of the wetland climate adaptation zone
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network, with good connecting nature corridors and
good site conditions (PBL, 2010). However, this will
require a change in government thinking on these
networks, with an emphasis on enlarging, connecting and
enhancing a number of priority areas. These areas, such
as large existing wetlands, form the ecological
strongholds of biodiversity. This rethinking may involve
acquiring or laying out conservation areas within climate
corridors of international importance (wetlands, dune

and coast) as well as linking together, expanding and
enhancing the quality of areas within clusters of wildlife
sites (heathland, forest) (Vos et al. 2010). The climate
resilience of these areas can be increased further by
linking them to ecological networks in neighbouring
countries. This is the case, for example, for the Dutch
wetlands, which form a core area of these ecosystems
within North-West Europe (PBL, 2010; Figure 4.6).
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In addition, a climate-proof nature conservation policy
may require a revision of current conservation objectives.
Because these are defined in static terms, the likelihood
of achieving these objectives under increasing climate
change and of the Netherlands being able to adhere to its
international obligations will be reduced. The new policy
should focus more on the functioning of ecosystems and
increasing their adaptive capacity and less on the
presence of specific species in specific places.
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Effects of climate change
on agriculture in the

Netherlands

5.1 Introduction

Agriculture is an economic activity. Its most important
function is to produce food, biomass, raw materials for
further production, and ornamental plants and flowers.
In addition, the agricultural sector contributes to the
quality of rural areas in the Netherlands and the
maintenance of the landscape, biodiversity and social
cohesion. The main drivers of Dutch agriculture are the
economy, European agricultural policy, consumer
demand and environmental conditions.

In addition to changes in markets and agricultural
support policies, weather and climate also affect
decision-making within the agricultural sector. This is
particularly the case for open field cultivation and land-
based agriculture. In general the agriculture sector in the
Netherlands can be expected to anticipate and adapt well
to changing circumstances, such as climate change (PBL,
2011).

5.2 How will climate change affect
agriculture?

Climate change can affect agriculture in several ways,
both positive and negative (Table 5.1). Positive effects
include higher productivity — a consequence of higher
temperatures, a higher CO, concentration and a longer
growing season — opportunities to cultivate new crops,
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and lower energy bills in the greenhouse horticulture
sector. If the climate changes gradually, the positive
effects for Dutch agriculture are expected to outweigh
the negative, also because of the favourable location of
the Netherlands in Europe (in the temperate zone) and its
good competitive position (Agricola, 2010; Hermans et al.,
2010). Whether these positive effects can be realised in
practice will depend on developments on world markets.
At the same time, the effects of climate change on
agriculture vary per region, crop and farming system (IPO,
2009).

Higher temperatures and CO, concentrations: many
opportunities for Dutch agriculture

The CO, concentration in the atmosphere and the surface
temperature of the earth have both risen over the past
century. Higher CO, concentrations can lead to higher
productivity (Lavalle et al., 2009), although this requires
good growing conditions. Moreover, the increase in yield
depends on the crops concerned. A doubling of the CO,
concentration combined with a temperature rise of 3 °C
can raise grain yields by 8%; for beets this is 35% and for
grassland 50%. For maize, however, these conditions
could actually reduce yields by 17% (Schapendonk et al.,

1997).

Rising temperatures have a range of effects (Table 5.1).
The positive effects include higher crop yields, mainly
because higher temperatures extend the growing season
of plants. During the past 15 years the growing season
was on average more than three weeks longer than in the



Table 5.1
Possible effects of climate change on agriculture

Climate factor

Change in temperature patterns  Rising temperatures

More frequent heat waves
Late frost

Changing precipitation patterns ~ Wetter conditions

More extreme precipitation
and hail

Drought

Other climate variables Humidity

Changing wind patterns
Higher CO, concentrations

Sea level rise and land subsidence Flooding

Increasing salinisation

Source: Blom et al. (2008)

Effects
Increase in productivity +

Pos./Neg.

Increase in pests and diseases =
Emergence of new species, including weeds ?

Mismatch between crop development and -
pollination by insects

Lower energy bills in greenhouse horticulture W
sector

Higher energy bills in livestock farming sector due

to the need for cooling in livestock sheds

Storage more problematic -
Longer growing season, multiple harvests +
Crop damage or even crop death -
Buds and flowers killed by frost o
Loss of yield due to more fungal and insect pests -
Sowing and harvesting problems -

Leaching/loss of nutrients (Water Framework -
Directive)

Loss of quality due to extended periods under =
water

Glass and crop damage (e.g. flattening of cereals) -
by extreme rainfall (also hail)

Loss of yield due to (extreme) drought -

Loss of yield and change in quality caused by -
salinisation

Improvement in quality -
More fungal growth =
More insects =
Increase in productivity +
See Wetter conditions =

Loss of yield in some crops and opportunities for  -/+
other crops

period 1961-1990 and more than five weeks longer than
at the beginning of the 2oth century (KNMI, 2011; Figure
5.1). In the KNMI’06 G scenario, the average growing
season in 2050 is projected to start another six days
earlier; in the W+ scenario it could start 19 days earlier
(Schaap et al., 2009).

Increasing variability in precipitation and freshwater
availability will challenge agriculture

Loss of yield and economic damage can result from too
much water (flooding) or too little water (Table 5.1). In the
Netherlands 30% of all the available fresh water is
derived from precipitation; the majority (70%) of the
freshwater supply comes from the Rhine and Meuse
rivers (Klijn et al., 2010). This means that changes in river
discharges and precipitation patterns can have a
considerable effect on water availability.

Freshwater deficit and drought

Dry conditions occur regularly during the growing season
in the Netherlands. This inhibits crop growth and the soil
can become more saline. In normal years the average
precipitation deficit in the Netherlands is 1g¢ mm. This is
usually not a problem for farmers because these deficits
occur frequently and farm management practices take
them into account. In the present climate the economic
damage is less than 2% of the economic value (Van Beek
etal., 2008).

This could change if extremely dry years become more
common and/or more severe (Figure 5.2). In such years
the average precipitation deficit in the Netherlands is
currently as much as 360 mm. In the W+ scenario this
extreme precipitation deficit can rise to g0 mm (Van
Beek et al., 2008). Such dry conditions can lead to a
significant loss of yield (more than 10% of the economic
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Figure 5.1
Length of growing season in De Bilt (the Netherlands)
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value of the crop) (Van Beek et al., 2008; Klijn et al., 2010).
These levels of damage are theoretical losses that can be
limited by taking certain measures (Klijn et al., 2010), such
as irrigation. But such measures are not always feasible or
cost-effective: they may be expensive, or there may be
insufficient fresh water available for irrigation. Finding
solutions to freshwater shortages during dry periods
therefore presents a major challenge to the agricultural

sector. Areas that have little or no access to water from
rivers or ditches and areas where the water table is low
are the most vulnerable (Klijn et al., 2011; Figure 5.2). This
challenge will only become greater as a result of climate
change (PBL, 2011). Drought damage can increase sharply
in the scenarios with falling precipitation levels in the
summer (G+ and W+).



Tables.2
Frequency of extreme weather events per month

Present climate J F M A M J J A S o N D
Heat waves 2 6

Warm winters 0 0 3 0
Warm and wet 1 0

Heavy rainfall 2 1 0

Extended wet periods 5 8 5

Wet fields 13 5 5 5 a 5 8 9
Around 2040 J F M A M J J A S (0} N D
scenario G+ W+ G+ W+ G+ W+ G+ W+ G+ W+ G+ W+ G+ W+ G+ W+ G+ W+ G+ W+ G+ W+ G+ W+
Heat waves +2 412 +7 +12 +1 +3

Warm winter 0 +2 +1 +3 +3 +8 Sl
Warm and wet +4 +6 +5 +6 +1 +2

Heavy rainfall 0 -1 +1 +1

Extended wet periods 2 -2 -2 4 -2 -5 -4 -3

Wet fields +1 +4 0 +1 -3 -3 0 -1 0 -1 +1 0 +2 +3

Source: Schaap et al. (2009, 2011)

These extreme weather events cause damage to potatoes in the present (top) and possible future (bottom) climate in the north of the Netherlands (Eelde weather station,
climate data 1976—2005). The bottom table gives the effects in the G+ (white) and W+ (grey) scenarios for the period around 2040.

The vulnerability of the agricultural sector to drought
differs between farm types and cultivation methods. In
general, the more intensive the cultivation system, the
greater the efforts taken to prevent damage. Greenhouse
horticulture, for example, depends heavily on the
availability of water of good quality, but is less vulnerable
because for this very reason investments have already
been made in facilities to collect and store water.

Agricultural sector apprehensive about the possibility of
more extreme weather

Extreme weather conditions can cause damage to
agriculture. The sector therefore sees the possibility of an
increase in the intensity and frequency of extreme
weather events as one of the biggest challenges posed by
climate change (PBL, 2011). The regions most vulnerable
to extreme weather events are the western fen peat areas
(land subsidence as a result of drought), the horticulture
areas along the main rivers (orchards) and in Flevoland
(bulbs), Zeeland and northern Limburg (greenhouse
horticulture) (Blom et al., 2008). This vulnerability is
related to the type of farms and agricultural enterprises in
these areas. In these areas too, the more intensive the
cultivation system, the greater the efforts taken to
prevent damage.

Table 5.2 shows how —in the KNMI’06 scenarios — the
frequency of extreme weather events that cause damage
to potatoes can change. Here we examine potato growing
as an example because of its economic importance and

the susceptibility of potatoes to disease. Problems can be
expected mainly in the summer months because, as
temperatures rise, heat waves may become longer and
more frequent and drought periods may occur more
frequently (in the G+ and W+ scenarios). Moreover, such
problems are most likely in the areas which are already
susceptible to them (Van der Gaast et al., 2009). In
contrast, problems arising from excess precipitation may
become less frequent (Schaap et al., 2009 and 2011).

Increasing salinisation in coastal zones

Salinisation is an increase in the concentration of salts in
soil or water, which can impede the uptake of water and
nutrients by crops (Van Bakel and Stuyt, 2011). Moreover,
saline conditions can lead to leaf damage and other
growth deformations (a particular problem in ornamental
plants). Such saline conditions also make it almost
impossible to provide livestock with clean drinking water
(Van Dam et al., 2007). Flushing with fresh water is the
most commonly used technique for combating
salinisation, but this method depends on ample supplies
of water.

Many coastal areas in the south-west and the north of
the Netherlands already have to contend with increasing
salt concentrations in the groundwater and surface water
(Klijn et al., 2011; Westerdijk and Visser, 2003). It is
expected that climate change will lead to a further
increase in the salinity of surface waters and shallow
groundwater (Acacia Water et al., 2009). Based on the
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Table 5.3

Effects of climate change on the incidence of pests and diseases

Climate factor
Rising temperatures (e.g. mild winters)

Increasing humidity

Wetter conditions (especially in combination with rising
temperatures)

Changing wind patterns

Source: Blom et al. (2008), Verhagen et al. (2011)

Effect on pests and diseases

New species

More generations of insect pests and diseases
Better growing conditions for fungi
Undermine resistance

More difficult storage of crops (especially potatoes, because
nematodes no longer killed by frost)

More fungal diseases
More fungal diseases and nematodes

More difficult pest control

Changing incidence of aphids

four KNMI'06 climate scenarios over the period to 2050,
up to a quarter (in the W+ scenario) of existing farmland
could face slight to serious soil salinisation (Verhagen et
al., 20m).

So far, the financial damage caused by salinisation has
been relatively small compared with the damage caused
by drought (Van Beek et al., 2008). In many cases,
therefore, the most cost-effective response would seem
to be to simply accept the damage caused by salinisation
(PBL, 2011). However, climate change could increase the
severity and scale of freshwater shortages and in recent
years this possibility has led to much discussion about
how farmers and water managers should tackle the
problem of saline water. Any approach should take into
account the salt tolerance of crops, which varies
considerably between crops (Van Dam et al., 2007; De Wit
et al., 2009). Soil salinisation also presents opportunities
to grow halophytic crops (such as common sea lavender,
common glasswort and salt-tolerant varieties of potato).
However, before assessing the prospects for such
brackish or saline agriculture, it will be necessary to
obtain a clear picture of what the economic potential of
these crops is —and opinions differ widely about this
potential.

Pests and diseases: much remains unknown

Another challenge facing Dutch agriculture is that climate
change may lead to changes in the distribution, frequency
and intensity of fungal diseases, insect pests and weeds
(Van de Sant and Goosen, 2012). Weather and climate are
important factors in the distribution and development of
diseases, pests and weeds (Table 5.3).
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For example, warmer winters and longer growing seasons
may lead to an increase in the number of generations of
existing insects, including many species of aphids, beetles
and potato cyst nematodes (Blom et al., 2008; Verhagen
et al., 2009). In addition, wetter conditions in
combination with higher temperatures may favour the
development of existing fungal and bacterial diseases.
This is the case, for example, for Phytophthora infestans
(potato blight), a deadly potato disease.

Furthermore, a longer growing season and warmer spring
may bring new pests and diseases to the Netherlands,
which will also have an impact on agriculture. An example
is the western corn rootworm, which appeared in the
Netherlands in 2004 and can cause considerable damage
to maize production (PD, 2005). Another example is blue
tongue, a virus disease that affects sheep and goats and
is spread by a biting midge. Blue tongue first appeared in
the Netherlands in 2006. It is possible that the extremely
hot summer of that year had a part to play in this (Scholte
etal., 2008).

This potential additional burden of pests, diseases and
weeds also has a positive side: their natural enemies may
also benefit from the temperature rise (Verhagen et al.,
2011). For example, insect pests that overwinter as adults
or larvae may be adversely affected by warmer and
wetter Dutch winters because they will be more
susceptible to fungal infections.

All these pests and diseases have so far been effectively
controlled (Schaap et al., 2009). However, frequent use of
plant protection products may eventually undermine the
resistance of crops.



All these factors make it difficult to estimate the
probability that the incidence of pests and diseases may
develop under future climatic conditions as described in
the KNMI’'06 scenarios (Blom et al., 2008; Verhagen et al.,
2011).
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Effects on public health

Climate change is recognised around the world as having
direct and indirect effects on human health (CASHh,
2006; Confalonieri and McMichael, 2007; Huynen et al.,
2008; WHO, 2008; De Roda Husman and Schets, 2010;
Ebi, 2011; see Figure 6.1). These effects mainly involve an
increase, and in some cases a decrease, in the severity
and frequency of existing health problems. At-risk groups
are the aged, the chronically sick (including asthma
patients), infants and socially isolated people.

Itis still difficult to determine the actual scale of health
problems caused by climate change. The question of
which health effects will occur where depends, among
other things, on the degree of change (‘burden’), the
vulnerability of populations and individuals to changes,
and the capacity to adapt. In a number of countries
projects are being carried out to acquire more
quantitative information on the health risks of climate
change. In its Climate Environmental Health Action Plan
and Information System (CEHAPS) risk assessment
project, the World Health Organization has compiled a
set of instruments and indicators to enable such
estimates to be made and pilot studies were launched in
2012 in several countries. Progress with these studies will
be reported at the sixth Ministerial Conference on
Environment and Health in 2016.

The lack of understanding about the scale of health

effects resulting from progressive climate change is still
considerable (PBL, 2009). For one thing, it is not easy to
unravel the degree to which climate change contributes
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to health effects from the complex of other (global)
developments that affect public health. Changes in
people’s behaviour and economic developments often
have a dominant influence on public health (Huynen et
al., 2005).

In the Netherlands, as elsewhere, climate change will be
accompanied by several health risks (Huynen et al., 2008;
Gezondheidsraad, 2009; Kennis voor Klimaat/Klimaat
voor Ruimte, 2008; Nationaal Kompas Volksgezondheid,
2012). Although itis not possible to compile an accurate
assessment of present and future scales of health effects
related to climate change in the Netherlands, the effects
are expected to be less extensive and easier to manage
thanin less developed countries (Mackenbach, 2009).
Huynen et al. (2008) made a first rough estimate of the
scale of health risks related to climate change: according
to their estimates, each year climate change could lead to
several hundred cases to thousands of cases of illness
and a few hundred premature deaths. These are small
numbers compared with total annual morbidity and
mortality in the Netherlands.

Many effects can be prevented or limited by taking
prompt and adequate adaptation measures (PBL, 2009;
Deltaprogramma, 2011), including both spatial and non-
spatial measures. Spatial measures include adaptations in
urban renewal and restructuring and new development
to take account of climate change. Non-spatial measures
may include such things as technical measures (such as
more extensive monitoring), early identification and



Figure 6.1

Impacts of Climate change on human health
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assessment of health risks, better public information,
cultural and behavioural adaptations, regulatory changes,
and making climate resilience an integral part of national
and local environmental and planning policies. Such an
approach was also agreed on at the fifth Ministerial
Conference on Environment and Health in Parma, 2010
(the Parma commitment).

It should be noted that some climate adaptation
measures can also have adverse effects on health. For
example, spatial improvements to the National Ecological
Network may facilitate the dispersal of vector organisms,
but also their pest species and parasites. What this means
for health risks is not yet known (Scholte et al., 2007),
which makes an integrated approach to the climate
problem an obvious choice (PBL, 2009).

Possible health effects of climate change in the
Netherlands; increasing temperature, extreme heat and
air pollution

In recent decades the average global temperature has
risen and extreme temperatures have become more
common. It is expected that this trend will continue,
resulting in health effects related to temperature,
extreme heat and summer smog (Kovats and Ebi, 2006),
mainly involving an increase in cases and/or severity of
existing complaints and diseases, loss of labour
productivity, and possibly premature deaths. Estimates of

the seriousness of these effects differ widely, partly
because itis not yet known precisely which aspects of
temperature have the greatest effects on health: absolute
temperature or differences between day and night
temperatures, possibly in combination with relative
humidity (thermal comfort). For this reason a start has
been made with developing models to estimate the risks
of temperature and temperature extremes for health (EU
INTARESE, 2010; PESATA, 2011; WHO CEHAPIS, 2011).

Increase in allergies and hay fever

Climate change can influence the incidence of allergies
and hay fever in the Netherlands in various ways. Higher
temperatures can lead to a longer and more intensive
growing and flowering season, possibly with a longer and
more severe hay fever season as a consequence (Van
Vliet, 2008). At the same time, higher CO_ concentrations
may induce plants to produce more pollen (Ziska et al.,
2003; Epstein, 2008). Moreover, climate change may
allow new allergenic plant species (‘hay fever plants’) to
become established in the Netherlands, such as the
highly allergenic ambrosia (Huynen and Menne, 2003). It
can also influence the dispersal of organisms that affect
human health. For example, the rise in temperature has
facilitated the spread of the oak processionary caterpillar
over large areas of the Netherlands (Van Oudenhoven,
2008; Figure 6.2). The hairs of this caterpillar can cause an
allergic and toxic reaction. According to a provisional
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Figure 6.2
Distribution Oak Processionary caterpillars
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estimate, six million people in the Netherlands now live in
areas where the caterpillar is found and about 80,000
suffer health problems as a result (Jans and Franssen,
2008). The caterpillar is expected to be present across the
whole country by around 2020, which may lead to
increasing health problems and complaints (Van
Oudenhoven, 2008). Various municipalities are taking
measures to control the caterpillar and, in consultation
with the Public Health Services, provide public
information to reduce health problems.

Effects on vector-borne infectious diseases difficult to
understand and predict; monitoring and surveillance
needed

Vector-borne infectious diseases are transmitted by
organisms such as mosquitoes, sand flies and ticks that
are infected with bacteria and viruses. The vectors
themselves do not themselves cause diseases. The
influence of climate change on vector-borne infectious
diseases has so far proved difficult to understand or
project. Potentially, climate change can lead to wider
dispersal and establishment and greater activity of these
vectors. However, the system is complex and has not yet
been unravelled and described. Moreover, several other
developments are also influential, such as globalisation,
trade and transport, and tourism and recreation (Takken
etal., 2007).

A disease that is often associated with climate change in
the Netherlands is Lyme disease (Wardekker et al., 2012).
The incidence of this disease, which is transmitted by
ticks, has increased in the Netherlands since the 1980s
because the ticks are active for longer periods per year,
have expanded their range in the Netherlands and carry
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more of the bacteria (Den Boon and Van Pelt, 2006). In
addition to changes in the Dutch climate, other factors
also play arolein this increase in the number of cases,
such as increased exposure because more people spend
more time visiting heaths and woodlands. The incidence
of Lyme disease is expected to increase further, one of
the reasons being that the ticks are active for a longer
period as a result of increasing temperatures (Takken et
al., 2007). Because of the uncertain risk of infection, it is
necessary to carry out monitoring and surveillance to
remain appraised of new developments, to have action
plans ready and to continue to participate in international
studies to learn more about the health risks.

Considerable year-to-year variability in waterborne
infectious diseases; link with climate change often hard
to establish

Climate and weather can also influence the quality of
surface and recreational waters, and therefore the
waterborne infections and diseases they may contain
(Hunter 2003; McMichael et al. 2006; Huynen et al., 2008).
In general, as water becomes warmer its quality
decreases (Huynen et al., 2008; De Roda Husman and
Schets, 2010). Recent studies show that the number of
health problems resulting from the recreational use of
water bodies increased between 1990 and 2009 (CBS et
al., 2010b; De Roda Husman and Schets, 2010), although
the year-to-year variability is larger than the trend.
Moreover, little is known about the degree to which
climate change contributes to such an increase compared
with the contributions made by other factors (ECDC,
2007), for one thing because warmer weather also
encourages more water-based recreation.



Climate change can also have a negative effect on the
quality of drinking water production and distribution
(WHO, 2010), for example through infection with
Legionella bacteria and amoebae (Huynen et al., 2008).
The number of reported cases of Legionnaires’ disease
has increased in recent years; in 2007-2008 there were
296 reports. This increase is associated with relative
humidity, temperature and precipitation intensity
(Karagiannis et al., 2009).

Adequate monitoring is an effective instrument for
identifying potential infections and informing the public
in good time, allowing them to change their behaviour

and thus reduce their exposure to infection and the risk of

infection.

Climate change will probably reduce food-related
infectious diseases

Climate change may also lead to health effects related to
food safety. For example, rising ambient temperatures
lead to higher concentrations of certain pathogens (such
as Salmonella and Campylobacter). The number of cases
of salmonellosis could potentially increase by between
5% and 10% for each 1 °Crise in temperature (Kovats et
al., 2004). Also, rising ambient temperatures and the
associated reduction in the quality of drinking and
irrigation water may have a negative effect on raw food.
However, further research is needed into the causal
connections leading to such effects.

Given the high standards of food hygiene in the
Netherlands, itis unlikely that these effects will be
increased much by climate change. Nevertheless, it is
advisable to ensure that food hygiene and adequate
monitoring are maintained.
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Effects of climate change on
recreation and tourism

Weather and climate have an influence on recreation and
tourism (Amelung et al., 2007; De Jonge, 2008). They
often determine when and where we go. Recreation and
tourism is often mentioned as an economic sector in the
Netherlands that can benefit from climate change (e.g. De
Jonge, 2008; Nicholls and Amelung, 2008). It is already
evident that a warm summer leads to more bookings for
holidays in the Netherlands for the following year (Giles
and Perry, 1998).

Itis expected that climate change will resultin greater
interest in the Netherlands (and surrounding countries) as
a tourist destination. The Netherlands may become
warmer and therefore more attractive as a holiday
destination and for outdoor activities, while in southern
Europe the weather may become less comfortable as the
climate becomes hotter and drier (Amelung et al., 2007;
PBL, 2009; Perch-Nielsen et al., 2010). Climate change can
also affect people’s leisure experience because it will lead
to changes in both the landscape (e.g. less snow) and
environmental quality (e.g. reduction in the quality of
bathing waters) (De Jonge, 2008). In the first place this
refers to more Dutch people taking their holidays in their
own country and going on more day trips. In addition,
foreigners also may visit the Netherlands more often,
even though the Dutch weather will remain
unpredictable.

But tourism and recreation are not only influenced by the

weather and climatic conditions; social, spatial and
economic factors also have an influence on the
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attractiveness of a destination to tourists, such as the
relative price level and the quality of the infrastructure
and facilities in the coastal regions and cities. Tourists
from all over the world come to the Netherlands mainly
to visit its historic cities (De Jonge, 2008). Moreover, not
all forms of tourism and recreation are equally dependent
on the weather and the climate, or sensitive to climate
change. Beach tourism, for example, is highly sensitive to
these factors (Moreno et al., 2008). This means that the
influence of climate change can vary widely within the
tourism and recreational industry.

A measure of the attractiveness of an area for tourism
with respect to weather and climate is the Tourism
Climatic Index (TCl) (Mieczkowski, 1985; Amelund and
Viner, 2006), which is applicable to sightseeing and
comparable light outdoor activities. The index takes
account of factors like temperature, humidity, sunshine,
rain and wind. A score above 70 is very good and above
9o is ideal. Various studies have used the TCl to quantify
the effects of climate change on the attractiveness of
tourist destinations (e.g. Amelung and Viner, 2006;
Amelung et al., 2007; Nicholls and Amelung, 2008).

More periods with good conditions in summer and less
favourable conditions in winter

In many parts of Europe the conditions for tourism are
traditionally best around the summer months. This is true
for Mediterranean destinations, for example, although
heat waves and forest fires occur regularly during the
summer, and water can become scarce. The best



Figure 7.1
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Figure 7.2
Climatic conditions favourable for tourism
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conditions in the Netherlands are also in the summer.
Over the past fifty years the summer season has become
longer and the probability of an extended period of good
weather during the summer (TCl 2 70) has increased
(Figure 7.1). TCl analyses indicate that conditions can vary
considerably between regions in the Netherlands. In the
1970s only the south-west (Zeeland) had on average three

months with good weather for recreation and tourism.
The rest of the country remained stuck on one to two
months.

Under the influence of climate change, the observed

trend towards longer and better summers is projected to
continue (see Figure 7.2), especially the frequency of
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warm and sunny weather (beach weather). The
probability of favourable weather conditions for summer
recreation may also increase in the spring and autumn,
extending the (climatological) high season beyond the
months of July and August. In a scenario with rapid
climate change, the number of good months in the
Netherlands may increase quickly to three to four months
around 2020, four to five months around 2050 and to five
to six months around 2080 (Nicholls and Amelung, 2008).
Because the season may become longer, the probability
that people will undertake leisure activities at other times
of the year will also increase. Nevertheless, the
Netherlands is not expected to develop into a tourist
honeypot as a result of climate change because the
summer weather will probably remain too unpredictable.
This makes it difficult to estimate the net effect of a more
favourable summer season on the number of long
holidays that foreign tourists will spend in the
Netherlands. However, a longer and better summer
season may well give a boost to outdoor recreational
activities, such as swimming, sunbathing, cycling and
water sports, and it is expected that the Dutch will spend
their holidays in their own country more often.

The consequences of climate change for the recreation
and tourism sector in the Netherlands also have a
negative side, such as a deterioration in the quality of
surface waters due to higher temperatures, and changes
in water levels, precipitation and drought. In addition, as
the winters become less cold the chances of periods with
enough natural ice to support skating events such as the
Eleven Cities race (Elfstedentocht) may eventually decline;
a trend that has already been observed (Visser and
Petersen 2008).
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Policy responses to the
effects of climate change

8.1 Introduction

In this report, the PBL Netherlands Environmental
Assessment Agency reviews recent findings on climate
change in the Netherlands, the observable — positive and
negative — effects of climate change and the probability
and risks of further climate change over the coming
decades. In this chapter we ascertain the level of policy
interest in these effects of climate change on national,
European and global scales (Section 8.2) and the degree
to which the potential risks have been recognised and
appropriate adaptation plans and measures have been
adopted (Section 8.3).

8.2 Policy response in the
Netherlands

Policy interest in the effects of climate change in the
Netherlands started to be articulated more clearly when
the inter-authority programme Spatial Adaptation to
Climate Change (ARK) was established in 2006. This
programme brought together the former ministries of
Housing, Spatial Planning and the Environment (VROM),
Agriculture, Nature and Food Quality (LNV), Transport,
Public Works and Water Management (VenW) and
Economic Affairs (EZ) as well as the Association of
Provincial Authorities (IPO), the Association of
Netherlands Municipalities (VNG) and the Association of
Regional Water Authorities (UvW). The programme was
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coordinated by the Ministry of Housing, Spatial Planning
and the Environment. The key principles underlying the
adaptation options were resistance, resilience and
flexibility. The programme also led to various local and
regional initiatives, which are still continuing.

In 2007, the National Adaptation Strategy 2007-2014 was
adopted (VROM et al., 2007). The National Adaptation
Strategy and the implementation programme Spatial
Adaptation to Climate Change (ARK) cover many policy
fields, such as mobility, nature conservation, agriculture,
water management, public health, energy, housing,
industry and recreation (VROM, 2006; VROM et al., 2007).
The ARK programme came to an end when the Delta
Programme began in 2010. The Delta Programme
contains new government priorities for climate risks and
climate adaptation, with an emphasis on flood safety,
freshwater supplies, spatial planning and urban
restructuring and development measures to tackle the
problems of heavy rainfall, drought and heat
(Deltaprogramma, 2010). The Delta Programme has its
legislative basis in the Delta Act, which came into force in
January 2012." This Act sets out the financial
arrangements and the responsibilities of the Delta
Commissioner (@ government commissioner tasked with
drawing up a Delta Programme each year and reporting
to the House of Representatives on progress made with
its implementation). The Delta Act is also the legislative
basis for a new Delta Plan, which describes how flood
safety and freshwater supplies will be secured in future.



The ARK programme and the Delta Programme, backed
by the research programmes Climate changes Spatial
Planning (2006—-2011) and Knowledge for Climate (2008-
2014), have initiated many developments. Both research
programmes have generated much information and
knowledge and inform the development of new
expertise, creating awareness and shaping cost-effective
action by central government, the provincial and
municipal authorities, water authorities and other
societal actors. In 2008 the ARK programme asked PBL
Netherlands Environmental Assessment Agency to
explore strategic options for a climate-proof
development of the Netherlands. This led to the
programming study ‘Roadmap to a climate-proof
Netherlands’ (PBL, 2009) and - in close cooperation with
the aforementioned research programmes - the study
Climate Adaptation in the Dutch Delta: Strategic options
for a climate-proof development of the Netherlands (PBL,
2011). The effects and risks of climate change have now
beenincorporated into many Dutch policies. Below we
describe which policies these are and the extent to which
they now respond to climate change.

Water risks associated with climate change embedded in
the Delta Programme

The climate-related risks of flooding from the sea and/or
therivers are particularly relevant to the Netherlands.
The National Policy Strategy for Infrastructure and Spatial
Planning identifies the reservation of areas for flood
control, ensuring sustainable freshwater supplies and
frameworks for urban development/redevelopment as
issues of national interests. The possible but still
uncertain effects of climate change on these national
interests are embedded in the Delta Programme. Under
this programme further studies are being carried out into
the risks of flooding and disruption to freshwater supplies
and the works needed to counter these risks; these
studies are based on long-term socioeconomic scenarios
and climate scenarios. In 2014 the Delta Programme will
resultin a proposal for several strategic decisions (the
‘Delta decisions’). It also pays particular attention to
relevant aspects of spatial planning in general and urban
planning in particular (new urban development and
restructuring).

The increasing risk of flooding and water damage as a
result of an increase in the frequency and intensity of
extreme precipitation events has already been addressed
in the National Administrative Agreement on Water
(NBW) (VenW et al., 2003). This agreement contains
working standards for acceptable risks of flooding or
water damage for various land uses and agreements have
been made on bringing the regional water systems up to
the required standards in 2015, partly in relation to the
expected climate change.

International coordination needed to control and
manage extreme high and low river discharges

Water management upstream from the Netherlands can
be crucial in determining both peak and low river
discharges. The peak discharges that can reach the
Netherlands are buffered by flooding further upstreamin
Germany, where the safety standards are lower than in
the Netherlands. The effects of higher peak discharges as
a consequence of climate change will be felt mainly in
Germany. If the water management regime upstream
remains the same, flooding in these areas will attenuate
the peak discharges entering the Netherlands at Lobith,
which as a result will be just a little higher than normal
(see Figure 3.7). If Germany maintains its current water
management regime and does not take any measures in
addition to the currentimprovement programme (dyke
situation in 2020), there is a very slight chance that the
design discharge of 18,000 m3/s — the basis for the
planned measures and reservation zones for flood
control, as in the Room for the River programme - will be
exceeded. However, water may enter the Netherlands
other than via the rivers, for example if there is flooding
just over the border with Germany.

The EU Floods Directive lays the foundations for
international coordination on peak discharges and flood
risk management. Member States are required to prepare
flood risk management objectives and measures at river
basin level. The directive formally came into force in 2007
and has yet to prove its value in practice. For the
Netherlands there is a formal framework for considering
options for managing the flood risks in the Netherlands
and in the countries along the Rhine and Meuse in an
integrated package.

In dry summers, when the river discharges are low, water
use upstream could further reduce the available water
flowing into the Netherlands. There is as yet no formal
framework for the international distribution of Rhine
water in extremely dry years and no international
agreements on this have been made. However, it is
extremely important that firm international agreements
are made because in summer the Rhine is by far the
largest source of fresh water for the Netherlands and
because itis important to maintain a minimum water
level in the Waal, the main distributary of the Rhine and a
heavily trafficked shipping lane. For the Meuse
catchment, the Netherlands and Belgium have made
agreements in the Meuse discharge treaty on the
distribution of Meuse water during periods of low
discharge.
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Risks of declining water quality embedded in the Water
Framework Directive

Climate change may not only have effects on water
volumes (too much or too little), but also on water quality
(see also Chapter 3). In particular, higher water
temperatures can increase the likelihood of blue-green
algal blooms and reduced water quality. The Dutch policy
developed in response to this threat is consistent with the
requirements of the Water Framework Directive (WFD).
The current Dutch river basin management plans under
the WFD (2009) contain a separate chapter on climate
change and its expected effects on water quality and the
ecology of water systems. Based on available knowledge,
this chapter notes that incorporation of the impacts of
climate change into the baseline scenario will widen the
gap between the desired and expected ecological status
in 2017 (see also PBL, 2008). The next set of river basin
management plans (2015) could include further provisions
for integrating the consequences of climate change more
fully into the implementation of policy.

Several health risks embedded in action plans and
existing monitoring structures

Climate change may also have an influence on human and
animal health. At the national level in the Netherlands
little attention has been given to the risks of climate
change in relation to public health. For example, the
national climate change adaptation strategy has not been
operationalised for public health aspects. Most of the
attention to this aspect of climate change has been given
to heat stress and water-, food- and vector-borne
infectious diseases.

In addition, the authorities remain continually alert to the
possible spread of both human and agricultural pests and
infectious diseases, for which there is an infrastructure of
national and global monitoring activities and surveillance
programmes, as well as consultation on and coordination
of control measures. This infrastructure is needed even
without climate change because of several non-climate-
related factors, such as global transport movements,
trade and tourism.

In the Netherlands, the National Institute for Public
Health and the Environment (RIVM) and the Public Health
Services (GGDs) are involved in these programmes. In
addition, the WHO coordinates global monitoring and
surveillance activities through the Global Outbreak and
Response Network (GOARN). This worldwide technical
collaboration of existing institutions and networks pools
human and technical resources for the rapid
identification, confirmation and control of twenty
infectious diseases that are known to pose risks to
human health. At the European level this monitoring
programme is coordinated by the European Centre for
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Disease Prevention and Control (ECDC). The ECDCis a
strategic partner of the WHO and GOARN and
collaborates with the national public health institutes of
the EU Member States; in the Netherlands this is the
RIVM. Itis now clear that a European system for
monitoring the distribution of species needs to be
strengthened, also because as climate zones shift the
distribution of species can change, including the
distribution of vector-borne diseases. This recognition of
the need for such a European monitoring system may be
included in the forthcoming European Adaptation
Strategy.

Following the extreme heat wave of 2003 a Dutch
National Heat Stress Plan was drawn up to protect
vulnerable groups in the population against the
consequences of heat stress, mainly through the
provision of extra care and practical advice on
appropriate behaviour. However, these action plans have
yet to prove their worth in practice. The New Urban
Development and Restructuring sub-programme of the
Delta Programme also addresses the problem of reducing
the health effects of heat and maintaining good water
quality during periods of extreme rainfall and droughtin
urban areas. It takes an integrated approach to improving
the climate resilience of cities. Some municipalities are
already developing and implementing action plans to this
end, based partly on calculations made using the climate
module in the Atlas for the Living Environment (Atlas
Leefomgeving: www.atlasleefomgeving.nl). These action
plans can be most effective if they are implemented
through urban restructuring and new development
projects (PBL, 2011).

In addition, in the Parma Commitment to Act (adopted by
the fifth Ministerial Conference in Parma, 2010) the
Netherlands has agreed to develop specific policies to
prevent or reduce the effects of climate change on health.
Implementation of this Parma agreement in Dutch policy
is currently the subject of interdepartmental
consultations.

To restrict the additional health effects of climate change
in the Netherlands, further policy responses are needed
to improve the effectiveness of adaptation measures, the
implementation of recommendations on healthcare and
changes in behaviour, and the early detection
(monitoring) and assessment of risks and diseases.
Further, itis important that urban renewal and
restructuring should take account of climate adaptation,
as proposed in the New Urban Development and
Restructuring sub-programme of the Delta Programme.
This policy strategy will put into practice the proposals
contained in the European Commission’s White Paper on
adapting to climate change, endorsed by the EU, and the



previously mentioned Parma Commitment, and enables a
flexible and adaptive management strategy for climate
change and health. This policy can be amended as more
becomes known about the observed effects, future risks,
the effectiveness of adaptation measures and the role of
government and institutions in pursuing an effective and
efficient adaptation policy (PBL, 2009; PBL, 2011; Ebi, 2011;
Driessen and Van Rijswick, 2011; Runhaar et al., 2012).
Several research programmes have been set up to
improve our understanding of the relation between
climate change and health. Dutch research institutes,
including PBL, RIVM, Wageningen University and
Research Centre (WUR) and Maastricht University, are
participating in international risk assessment projects
(e.g. EU INTARESE 2010; WHO CEHAPSIS 2011) and in
projects for monitoring vectors and infections (Braks et
al., 2011; ECDC, 2012; ECDC VBORNET; EU ENHanCE).

Little Dutch policy response to the risks of climate
change to ecosystems and biodiversity

At the moment there has been little policy interest in the
Netherlands to the possible effects of climate change on
ecosystems and biodiversity. In 2008-2009, at the
request of the Ministry of Agriculture, Nature and Food
Quality (LNV), PBL carried out a study into the strategic
options for climate-proofing biodiversity in the
Netherlands (PBL, 2010). This study revealed that the
National Ecological Network (EHS) and the European
Natura 2000 network provide a solid platform for making
Dutch ecosystems and biodiversity more climate-resilient
(PBL, 2010).

As climate zones gradually shift, an adapted EHS with
good ecological corridors and optimal site conditions can
help species to migrate to more favourable areas and
climate zones. However, this will require a change in the
national government’s current thinking on the EHS with a
shift in emphasis towards enlarging, connecting and
improving certain valuable conservation areas. These
areas, such as large existing wetlands, form the ecological
strongholds of biodiversity that are also connected to
similar areas elsewhere (via ‘climate adaptation zones for
wetland and dunes and coastal ecosystems) as well as
areas within clusters that contain a high densityof nature
sites (heathland, forests). Possibilities for adapting the
EHS include concentrating sites to be acquired or laid out
for nature conservation within these areas. The climate
resilience of these areas can be increased further by
linking them to the European Natura 2000 network in
neighbouring countries. This is the case, for example, for
the Dutch wetlands, which form a core area of these
ecosystems within North-West Europe. In addition,
climate-proofing nature conservation policy will require a
revision of the conservation objectives. Because the
current conservation objectives are defined in static

terms, the chances of achieving these objectives under
increasing climate change will recede, as will the
probability that the Netherlands will meet its
international obligations (PBL, 2010; PBL, 2011). The new
policy should focus more on the functioning of
ecosystems and increasing their adaptive capacity and
less on conserving specific species in specific places.

The probability of natural fires breaking out may increase
under climate change as dry periods with precipitation
deficits in summer could become more frequent. The
National Risk Assessment (BZK, 2009) contains a scenario
for ‘uncontrollable natural fires and large-scale
evacuation’, which is classified as ‘highly conceivable’.
The Netherlands does not have a coherent policy for
natural fires, certainly in comparison with other physical
safety risks, and there is no clear division of
responsibilities between the various tiers of government.
To improve this situation a national project on Inter-
authority Collaboration on Natural Fires was launched in
December 2009. In addition, an online National
Information Hub on Natural Fires was recently
established (www.infopuntnatuurbranden.nl).

Climate-proofing spatial development in the
Netherlands is a complex task

There are many possible measures for making the
Netherlands less vulnerable to climate change, including
measures designed to change public behaviour and
management practices, technical measures and spatial
planning measures. To maintain a good living and
working environment in the Netherlands, problems
arising from flooding, drought and heat cannot be tackled
by taking technical measures alone, but will also require
changes in land-use planning and the design and layout
of buildings and infrastructure. This is set out in the New
Urban Development and Restructuring sub-programme
of the Delta Programme.?

Over the coming decades particular attention will have to
be given to spatial adaptation measures: the decisions to
be made on spatial development will determine not only
how resilient the Netherlands will be to climate change,
but also the options that will be available to future
generations for coping with and adapting to climate
change (PBL, 2009, 2011). This was recognised early on,
before the launch of the national adaptation policy and
the interdepartmental programme Spatial Adaptation to
Climate Change (ARK) (VROM et al., 2006).

The government’s National Policy Strategy for
Infrastructure and Spatial Planning (lenM, 2011) is based
on a further decentralisation of spatial planning
responsibilities and refers to the Delta Programme for
tasks relating to climate change, but does not mention
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the spatial requirements for and possible spatial
consequences of the necessary climate-resilient
development patterns (PBL, 2011). However, as the
Climate Adaptation in the Dutch Delta study (PBL, 2011)
shows, integrating climate resilience into spatial planning
policy may have significant consequences. These will
necessitate some strategic choices, for example about
protecting the most vulnerable areas in the Netherlands
against flooding (and the relevant safety standards),
about steering the location and nature of future spatial
development in the Rhine-Meuse floodplain and the
development and restructuring of urban areas, about
spatial adaptation for climate-resilient ecosystems and
biodiversity, and about the distribution of fresh water in
relation to its use in the regions. At the local and regional
scales in particular, there are many opportunities for
improving climate resilience in a cost-effective way while
at the same time raising environmental quality, both in
urban areas (new development and restructuring) and in
rural areas (area development). These issues must be
addressed early on in the planning and design process
and also require more innovative and flexible financing
mechanisms (PBL, 2011). Finally, an integrated approach is
needed to properly address related problems, such as the
link between the greening of urban areas (to reduce heat
stress, among other objectives) and the spread of vector-
borne diseases.

There is a close relation between long-term flood safety
and freshwater supply in the various regions covered by
the Delta Programme: the lJsselmeer region, the Rhine-
Meuse floodplain, the south-west delta and the
Rijnmond region (the greater Rotterdam region). To make
balanced decisions, not only at the level of these
individual regions but especially from a national
perspective, proposals should be complementary and
consistent. This is a complex task within the Delta
Programme, with central government having overall
responsibility for the major water bodies and the National
Ecological Network, the provincial authorities having
responsibility for spatial planning and nature
conservation policies, and the market-driven agricultural
sector having a major interest in regional water
management. It is therefore difficult to anticipate how
the national government responsibilities, decentralised
spatial planning responsibilities and the various sector
interests will resolve themselves into strategic decisions
for the long term (see also the next section).

International competitive position: opportunities for
the Netherlands in relation to climate change?

The geographical location of the Netherlands also confers
some opportunities arising from climate change,
especially for the agricultural, recreation and tourism
sectors. The competitive position in comparison to

76

southern Europe is expected to improve if climate change
continues. For agriculture itis important that the
Netherlands is able to maintain an adequate freshwater
supply. The development of a national strategy to ensure
along-term freshwater supply in the Netherlands is
included in the Delta Programme (2010, 2011) and
strategic options have already been drawn up in the
Climate Adaptation in the Dutch Delta study (PBL, 2011).

Although agriculture, biodiversity and recreation were
given special consideration in the inter-authority
programme Spatial Adaptation to Climate Change
(VROM, 2006), more recent policy documents contain no
clear indication that this dimension of climate change is
being addressed at the national policy-making level. In
principle, therefore, the sectors themselves will have to
exploit the opportunities presented by climate change.
The European Commission will also stimulate this as part
of its aim of integrating climate change policy into
policies for the various economic sectors
(mainstreaming). However, the Dutch tourism sector is
paying little attention to climate change, partly because it
has a short-term focus and lacks the required knowledge,
for example about the demands made by the different
types of leisure activities on the climate (De Jong, 2008;.
Acquiring in-depth knowledge about the consequences
of climate change for recreation and tourism would
enable the sector to become more climate-resilient and
profit from the economic opportunities.

8.3 Adaptation in international
climate change policy

Climate adaptation in Europe

There is considerable policy interest in climate change
adaptation at the European level. In April 2009 the
European Commission announced its plans in a White
Paper on adapting to climate change. These plans are
based on four pillars of action: (i) building a solid
knowledge base; (ii) integrating adaptation into other
policy processes (mainstreaming); (iii) employing a
combination of policy instruments and developing an
effective financing system; (iv) stepping up cooperation
between Member States and between the EU and other
countries in the world (‘solidarity between Member
States and regions’). The knowledge base is now taking
shape because the Commission has initiated the
necessary research projects and developed a digital
platform/website to pull together all the available
information.3 In addition to much international
information on climate effects, measures and plans, the
platform contains an overview of adaptation activities in
the Member States. These country pages have been



compiled and are maintained by the Member States
themselves.

The other three pillars of action will be addressed in the
EU Adaptation Strategy to be published in April 2013. To
prevent overlaps with the approaches being taken in the
Member States, the EU is working closely with the
Member States on the preparation of the European
strategy. Thought is being given to a reporting obligation
on climate adaptation (to support the fourth pillar) and
the Commission is consulting with the Member States to
ensure these reports are as simple, meaningful and
effective as possible.

Climate adaptation in EU sector policies

The mainstreaming of climate adaptation in EU sector
policies has begun. Under the European Commission’s
current proposals, the next multi-year programme will
reserve 20% of the total EU budget for climate mitigation
and adaptation. This includes the sectors with large
budgets, including the Common Agricultural Policy (CAPS),
the regional cohesion and structural funds, research
funds (Horizon 2020) and the energy and transport
networks. The Commission is also working towards
policy integration outside these budgetary
commitments.®

The EU Floods Directive and the Water Scarcity and
Drought Strategy also address problems of too much and
too little water (see also above). In both these cases
climate change plays a significant role. The EU Water
Framework Directive (WFD) requires the Member States
to consider the possible adverse effects of climate change
on water quality when implementing the WFD into
national legislation, and under the Marine Strategy
Framework Directive and supporting documents,
Member States are asked to indicate in their reports how
they are responding to climate change.” Developments
are still in the early stages.

Climate adaptation, as well as mitigation, is being
integrated into the various components of the CAP.2 For
example, the Commission has drawn up various
measures for more sustainable agricultural production,
including sustainable water use during periods of drought
and sustainable land use. In addition, funds may be made
available to compensate farmers, and possibly regions,
for adverse climate change effects, and subsidies may be
available for services that are not linked to specific
production processes or volumes.®

Furthermore, the EU recognises the risks of climate
change to biodiversity and ecosystems, as well as the
contribution that natural systems make to climate change
(ecosystems contain large amounts of carbon and play a

role in the regulation of the climate). Limiting the effects
of climate change on biodiversity and reducing the
contribution made by natural systems to climate change
are therefore pillars of the European Commission’s
biodiversity action programme (European Commission,
2010). By further developing the European ecological
network Natura 2000, it is expected that ecosystems will
be better able to adapt to climate change and continue to
provide ecosystem services, such as soil protection and
water retention, over the long term.™

The European Commission plans to address the health
effects of climate change in a new strategy document,”
for which guiding principles are currently being
developed. The Commission has drawn up proposals for a
European system for monitoring the distribution of
vector-borne diseases, which will tie in closely with
national networks. In addition, under the Parma
Commitment to Act, adopted at the fifth Ministerial
Conference in Parma, 2010, the EU Member States have
agreed to develop policies on mitigating or adapting to
climate-related health risks. This agreement contains six
concrete actions:

1. Integrate health issues into climate change mitigation
and adaptation policies in all sectors and at all levels.

2. Strengthen healthcare and environmental services to
improve their capacity to prevent or cope with climate
effects.

3. Strengthen (early) monitoring of weather extremes and
possible outbreaks of diseases.

q.lmplement information and awareness raising
programmes on the health effects of climate change.

5. Strengthen the contribution made by the health sector
to reducing greenhouse gas emissions.

6. Stimulate research and develop instruments for
monitoring and estimating the present and future
health risks of climate change, identifying at-risk
groups and assessing the effectiveness of mitigation
and adaptation measures.

Finally, the European Commission has indicated that
climate change mitigation and adaptation should be
considered in environmental assessments,”> and wants to
include climate adaptation in the country reports on
climate change. The Commission, the European
Parliament and the Member States are currently
discussing these proposals.™

Global funds for adaptation in developing countries

At the global level, adaptation to climate effects is part of
the climate negotiations under the UN climate convention
(UNFCCCQ). In general terms, the adaptation issues of
UNFCCC are about giving support to developing countries
—especially the least developed countries and the small
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island states — so that they can adapt to the
consequences of climate change.

During one of the Conferences of Parties (COP) - in
Nairobi in December 2006 - this objective was defined in
more specific terms in a call to improve their
understanding of the effects and adaptation measures
(Nairobi work programme, NWP). In December 2007 the
Bali Action Plan was adopted. This identifies climate
adaptation as one of the key building blocks for an
effective, sustained and cooperative response to climate
change."» The Action Plan sets out possible activities and
opportunities for financing, based around the key
principles of international cooperation and a global
climate fund. These ideas were developed further during
the subsequent COPs, particularly during the Cancun COP
in 2010, which decided to set up a Green Climate Fund to
support climate actions in the developing countries,
including climate adaptation measures.

Apart from these financial arrangements, the Cancun COP
agreed to establish an Adaptation Committee to guide
future adaptation activities, monitor progress with these
activities and provide technical support to the parties.
During the 2011 COP, held in Durban, South Africa,
agreement was reached on:

- the modalities, procedures and composition of the
Adaptation Committee;

- developing a method for describing and quantifying
the impacts and damage associated with climate
change in developing countries;

» modalities and guidelines for the national adaptation
plans (NAPAs).

Many countries have picked up on this by explicitly

including adaptation in their National Communications to

the climate secretariat, and many developing countries
have started drawing up their NAPAs."S

The Adaptation Committee has the following functions:

« providing technical support and guidance to the
countries;

« sharing relevant information;

- promoting cooperation between international,
national and local organisations;

» drawing up a list of recommendations — based on
experiences in countries that already have an
adaptation strategy — to countries that still have to take
appropriate actions, including finance, technology and
capacity-building.’

The WHO stimulates and coordinates international
cooperation on climate mitigation and adaptation related
to public health. The WHO coordinates various projects
to collect baseline health data, develop and implement
risk assessment methods, compile climate adaptation
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strategies and prepare and roll out adaptation plansin
line with the Parma agreement mentioned above.
Implementation strategies are now being prepared under
the supervision of the WHO, focusing on heat stress,
allergies, air pollution, and water-, food and vector-borne
infectious diseases.



Notes

1

2

The Delta Actis a formal amendment of the Water Act.
Http://www.rijksoverheid.nl/onderwerpen/
deltaprogramma/deelprogrammas/
deelprogramma-nieuwbouw-en-herstructurering.
See http://climate-adapt.eea.europa.eu/.

See http://climate-adapt.eea.europa.eu/web/guest/
Countries.
Http://ec.europa.eu/agriculture/climate_change/
index_en.htm.

See also http://climate-adapt.eea.europa.eu/web/guest/
eu-sector-policy/general.

See climate-adapt.eea.europa.eu/web/guest/coastal-areas.

See climate-adapt.eea.europa.eu/web/guest/
agriculture-and-forestry.

See http://ec.europa.eu/agriculture/climate-change/
index_en.htm.

See http://climate-adapt.eea.europa.eu/web/guest/
biodiversity.

See ec.europa.eu/health/climate_change/policy/
index_en.htm.

See ec.europa.eu/environment/eia/home.htm.

See http://ec.europa.eu/clima/consultations/o008/
index_en.htm.

See http://unfccc.int/adaptation/items/g4159.php.
Http://unfccc.int/cooperation_support/least_developed_
countries_portal/submitted_napas/items/4585.php.
Http://unfccc.int/adaptation/cancun_adaptation_
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The climate is changing; average temperatures in the
Netherlands have increased by 1.7 °C over the past century and
extreme precipitation events occur more often than before.
According to current insights, climate change is set to continue
in the centuries to come. Not only are global temperatures and
extreme precipitation events projected to increase, but so are
river discharges, sea level rise and the likelihood of droughts.
However, the possible climatic changes are subject to large
uncertainty. In the Netherlands, for example, average annual
precipitation could either decline by 5% or increase by 6%,
between the present day and the year 2100. This makes it more
difficult to anticipate possible consequences of climate change.
The impacts of climate change are expected to vary widely in
the Netherlands. Some effects will be positive, such as those of
increased agricultural production and more fine days for
recreation. Other effects, however, will be negative; there is an
increase in the likelihood of water drainage flooding as a result
of extreme precipitation events, and of heat stress within cities
due to rising temperatures.

In theory, the consequences of further climate change for the
Netherlands at the current rate of change would be
manageable. This is partly due to the fact that impacts appear
to be limited and changes gradual, thus providing enough time
to anticipate them. The fact that climate risks have been
incorporated in the various policy portfolios is another reason
for the manageability of such risks. For example, the Delta
Programme pays attention to climate-proofing the built
environment and to environmental developments that could
threaten water safety and freshwater availability. There

also are policy areas that award less attention to climate
impacts - an important one of which is nature policy.
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