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1. INTRODUCTION
 
 

 1.1
  
Background

 
The North Sea region is threatened by the effects of climate change and particularly by rising sea 
levels since this region mainly consists of coastal areas. The frequency and impact of natural disasters 
such as storm surges and floods will increase in the future whilst increased levels of rainfall and higher 
water levels in rivers are also expected. This directly threatens areas of central significance to the North 
Sea regions such as precious natural areas and densely populated urban areas along the North Sea 
coast.  
 
 

 1.2
  
Aim of the project

 
The aim of the Climate Proof Areas project (CPA) is to accelerate the climate change adaptation pro-
cess in the North Sea Region by means of the joint development and testing of innovative adaptation 
measures in pilot locations for a variety of areas representative of the North Sea Region as a whole, 
and to use the results to give recommendations for regional, national and North Sea region-wide 
adaptation strategies in order to create a toolkit for adaptation in the North Sea region, thus preparing 
and the whole of the North Sea region for anticipated changes in the climate. 
 
 

 1.3
  
Outline of this report and the link with the country reports

 
Climate change adaptation is in different phases of the policy cycle within the various partner coun-
tries: Belgium is in the process of analysing the potential impact and will then develop an adaptation 
policy; Sweden, the Netherlands and Germany are in the process of developing adaptation policies 
and testing potential adaptation measures, (Germany also announced an ‘action plan’ for April 2011 to 
be presented by an inter-ministerial working group at the national level), while the UK (and NL in part 
for flood risk issues related to climate change) is in the process of policy implementation. 
 
The scope of the individual country reports includes primary and secondary impacts, an overview of 
the different adaptation measures and the current adaptation policy. In this report a straightforward 
comparison of primary impacts is provided. Because the kind of data available differ from country 
to country, data are processed in different models, or the climate change data differ because of local 
conditions, a straightforward comparison is not always possible. In such cases an appropriate study or 
striking example is discussed for each country.
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 1.4   Interreg 4B - North Sea Region Programme

The Interreg programmes aim at stimulating transnational cooperation in the EU whereas the North 
Sea Region Programme focuses on encouraging and supporting transnational cooperation in the 
North Sea Region. The aim of the Programme is to make the North Sea Region a better place to live 
work and invest in. This means that the North Sea Region Programme has a role in enhancing the 
overall quality of life for residents of the North Sea Region by ensuring that there is access to more and 
better jobs, by sustaining and enhancing the acknowledged environmental qualities of the region, 
by improving accessibility to places and ensuring that communities are viable, vibrant and attractive 
places to live and work.

The seven North Sea Region Programme countries are Sweden, Denmark, Germany, the Netherlands, 
the Flemish Region of Belgium, the UK and Norway. These areas share many of the same problems and 
challenges. By working together and sharing knowledge and experiences it is hoped that a sustainable 
and balanced future will be secured for the whole region.

The Programme is financed through the European Regional Development Fund (ERDF). 50% of the 
investments made for Climate Proof Areas is covered by this fund.
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2.  COMPARISON OF CLIMATE CHANGE INDUCED
	 PRIMARY EFFECTS

 2.1
  
Temperature: average and extremes

 
For all countries investigated in the CPA project temperature is expected to rise in the future (Table 1). 	
Whilst the warming rates differ between the projections for the countries, in most countries the 
warming in winter is expected to occur more strongly than that in summer. Extreme events, hot days 	
and heat waves are expected to become more frequent in the future.

 2.2
  
Precipitation: average and extremes (per season if available)

 
Due in part to its high natural variability, summarising expected future impacts on precipitation is mo 
difficult than doing so for temperature. There is often a wide range of results from different climate 
modelling simulations. Nevertheless, some robust conclusions can be drawn from the different cli-
mate projections used by the region. Different time periods have been used in the different countries 
involved in CPA, but the changes are expected to evolve gradually over the coming decades to be-
come most pronounced by the end of the century. 

For the whole North Sea region in general, winter precipitation is expected to increase during the 
coming century, with a possible range to 50% and more, depending on the climate projections used 
and the location within the region. The pattern of change tends to increase the further north one 
looks, with the largest increases occurring in northern Sweden.
 
Projections for summer precipitation tend toward decreases in much of the region. However, there is 
a transition zone between increase and decrease that generally falls in mid-Sweden. Northern Swe-
den is expected to have some increase in summer precipitation as well, although not as large as the 
increases expected for winter. Some of the projections used for Flanders also indicate some increase in 
summer precipitation there. 
 
Precipitation extremes in the form of heavy rainfall are expected to increase throughout the region, 
occurring both in summer and winter. Increases in the most intensive precipitation are expected even 
in areas where the seasonal precipitation is expected to decrease. 
 
Specific detailed results are being used in each participating country in CPA. Updated results that have 
yet to be reported on will be used in some cases. However, the latest results still tend to follow the 
general trends as described here. As an example, Figure 1 and Figure 2 show both precipitation and 
temperature change over Europe from a composite of regionally downscaled results using 6 different 
global climate models (Kjellström et al., 2010). These projections originate in part from the recently 
completed ENSEMBLES Project (van der Linden and Mitchell, 2009). 
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Annual Summer Winter Notes

Average 
temperature 
increase

Extremes Average Average

Flanders 4 c 4 c in worst 
case scenario

to 2100, using CLI-
MAR W scenario

Germany 1.5-3.5 c Doubling of 
days over 25c 
and tripling of 
days over 30c

to 2100. Strongest 
increase in winter 
time

The Nether-
lands

Historic data, 
plus data on 
the increase 
in numbers of 
warms days

0.9 - 2.8 c 0.9-2.3 c Temperature 
ranges according 
to four 
scenarios, for cli-
matic period 2036-
2065 (KNMI report: 
Climate Change 
and Climate ef-
fect Sketchbook, 
adopted by Climate 
team Provincie 
Zeeland)

The UK 1-5 c 1-6 c 1-4 c UKCP02 figures, 
consistent with 
Country report

Sweden 3-5 c 2-4c 5-6 c by 2080. Average 
winter temp for 
Southern 
Sweden only

Table 1: Average and extreme temperatures
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Figure 1: Change in temperature (top) and precipitation (bottom) for summer (Jun-Jul-Aug) from an ensemble of 6 regionally downscaled global 	
	 climate model projections using the SRES - A1b emissions scenario. Shown are ensemble mean values for 1961-1990 (CTL, left) and the 	
	 respective ensemble mean changes for 2011-2040 (SCN1), 2041-2070 (SCN2) and 2071-2100 (SCN3) compared to 1961-1990 (three 		
	 rightmost columns). Only differences significant at the 5% significance level are shown. (adapted from Kjellström et al, 2010)

Figure 2: Change in temperature (top) and precipitation (bottom) for winter (Dec-Jan-Feb) from an ensemble of 6 region ally downscaled global 	
	 climate model projections using the SRES-A1b emissions scenario. Shown are ensemble mean values for 1961-1990 (CTL, left) and the 	
	 respective ensemble mean changes for 2011-2040 (SCN1), 2041-2070 (SCN2) and 2071-2100 (SCN3) compared to 1961-1990 (three 		
	 rightmost columns). Only differences significant at the 5% significance level are shown. (adapted from Kjellström et al, 2010)
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 2.3
  
Sea level rise

 
Together with the drainage of melting land ice into the sea, the thermal expansion of seawater is the 
main cause of the sea level rise already observed. The temperature affects the density of the water and 
consequently also the currents and sea level. In addition temperature also affects the solubility of CO2 
in seawater and is thereby connected to the composition of the atmosphere. The temperature of the 
seawater is rising in all sub-regions of the North Sea. The increase in the temperature of the seawater 
is between 0.023 °C/year (in the northern North Sea) and 0.053 °C/year in the central and southern 
North Sea.  
 
As regards wave height, the historical data series show a natural variation with a period of around 
seven years. There is also a seasonal cycle: there are higher waves on average in the winter and lower 
waves in the summer months. A clear climate trend could not yet be shown in the historical series of 
measurements of wave heights and wind speeds. The wave heights vary from location to location in 
the North Sea region.  
 
Furthermore sea level rise might induce salt-water intrusion, due to intensified drainage and/or sea 
level rise, which can affect the quality and the quantity of fresh water reserves, ecosystems and food 
production.
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2.3.1.
   Flanders

The sea level in Ostend has risen on average by 1.69 mm/year since 1927. This rise conforms closely 
to the global average, which the Intergovernmental Panel on Climate Change (IPCC)derived for the 
20th century (1.7 mm/ year). Measurement series which started later on the Flemish coast, show 
even higher values. This indicates an acceleration of the rise in sea level. This is confirmed by re-
gression analysis of the Ostend series of measurements: for instance a staged linear profile results 
in a kink in 1992. The increase was 1.41 mm/year on average between 1927 and 1992, but already 
4.41 mm/year between 1992 and 2006. Extrapolation of the historical trend shows a further rise in 
the sea level for the Flemish coast, depending on the relations applied, of 20 cm to 200 cm for the 
period from 1990 to 2100 (Figure 3).

2.3.2.
   Germany

For the East Frisian Wadden Sea (Lower Saxony), a sea level rise of 2.43 mm per year sea level rise 
has been observed in the time period between 1906 and 2006 by the Niedersächsischer Landes-
betrieb für Wasserwirtschaft, Küsten- und Naturschutz (NLWKN, 2007). Projections of future sea 
level rise in Lower Saxony are based on the global projections of the Intergovernmental Panel on 
Climate Change (IPCC 2007) and are compared to linear extrapolation of the changes observed in 
the past (NLWKN, 2007). This results in an expected sea level rise of 18 to 59 cm by 2100 (NLWKN, 
2007). 

Figure 3: Trend analysis of the sea level measurement (Ostend, 1927-2006) and extrapolation to a possible sea level rise 		
	 in the period 1990-2100
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Figure 4: Sea level rise scenario’s including bandwidths

2.3.3.
   The Netherlands

The predicted absolute sea level rise (meaning without taking the subsidence into account) for 2050 
varies between 15 and 35 cm. Around 2100 the sea level rise will be 35 to 85 cm. See Figure 4. The rela-
tive sea level rise will be higher due to land subsidence.

2.3.4.
   The UK

Sea level rise varies around the UK coastline. The average sea level around the UK coastline is currently 
10cm higher than it was in 1900 (Hulme et al.,2002) and the 1990s and 2000s have experienced a 
higher rate of sea level rise than other decades. The UK also experiences glacial rebound from the last 
Ice Age. Because of this, the southeast is sinking at about 1mm per year and the northwest and west 
of Scotland is rising at about 1.6 mm/yr (Alcamo et al.,2007). Sediment consolidation is also being ex-
perienced in the south-east, causing coastal subsidence. Taking all of this into account during the 20th 
Century the sea level has risen at a rate of about 1mm per year more in the south-east. 
Compared to the period between 1961 and 1990, a potential mean sea level rise of 20-80 cm in the 
southwest of England and 0 – 60 cm in Scotland is likely by the 2080s
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2.3.5.
   Sweden

In the Baltic Sea and the North Sea, the rise is expected to be 10- 20 cm greater than the global aver-
age (IPCC, 2007b, SOU 2007:60). In the Baltic Sea this increase is countered by rises in land levels, but 
is boosted by the fact that westerly winds are expected to increase in frequency. In simulations by 
Sveriges Meteorogiska och Hydrologiska Institut (SMHI) of how sea levels in the Baltic will change by 
the end of the century in various scenarios for global sea levels, the level along Sweden’s coastline 
increases by anything from a few centimetres to 80 cm in the southern Baltic, while along the coast of 
northern Norrland, the rises in land and sea levels cancel each other out. Extremes of high water are 
expected to increase by more than the average water level. (SOU 2007:60). Low-pressure movements 
and winds are also of great significance to sea levels and the risk of flooding and erosion along the 
coasts. With increased dominance of westerly winds, the maximum high-water levels in the Baltic Sea 
will rise substantially. For example the maximum high-water level in Karlskrona today is one metre 
above the present-day mean water level. It is estimated that it will be two metres above today’s level 
by the end of the century. 
 
 

2.3.6.
   Comparison table of scenarios on mean sea level rise

(cm) Base year/period 2040 2050 2080 2100

Flanders 2005

Min. + 30 + 60 

Average. + 40 + 93

Max. + 100 + 200

Germany

+ 18-59

United Kingdom 1961-1990

Min. + 0-20

Average. +41

Max. + 60-80

Sweden

Min. + 20

Average. + 60 

Max. 

The Netherlands

Min. + 15 + 35

Average.

Max. + 35 +85

Table 2: Comparison table of scenario’s on mean sea level rise
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 2.4
  
Flooding

2.4.1.
   Flanders

Rainfall run-off from river catchments

The simulation of the wet, moderate and dry climate scenarios to 2100 makes it possible to study the 
impact on high and low rainfall run-off discharges to rivers in Flanders. The wet scenario results in the 
most extreme impact for high flows and floods, the dry scenario in the most extreme impact for low 
flows and droughts. The conclusions for all rivers are similar: 

High flows in winter: the sharp increase in evaporation (both during the winter and the summer) 
compensates for the increase in winter precipitation to a great extent. As a result, the increase in the 
number and extent of floods (particularly along rivers in the winter) is relatively limited. Peak flows in 
the rivers will increase by a maximum of 35 % in the most unfavourable scenario. This increase could 
result locally in more frequent and more extensive flooding. 

High flows in summer: extreme summer showers could result in flooding of sewers and smaller 
watercourses. The majority of climate models predict an increase in the number (the frequency) and 
extent of heavy summer thunderstorms, so that an increase in the number of such floods is also to be 
expected. For the largest events, which currently occur once a decade, the average daily precipitation 
in the most unfavourable scenario increases by approximately 30 %. 

The impact of climate change is not only highly seasonal but also extremely variable regionally. Cli-
mate models show a north-south variation in the precipitation and temperature change (Baguis et al., 
2009). In northern France, climate change will further strengthen the development towards desicca-
tion, with a decrease in both summer and winter runoff volumes and consequently also a decrease in 
the number of floods. The probability of water shortage also increases in Flanders. The trend towards 
more floods is, however, still unclear. The increase in the number of floods is clearer to the North of 
Belgium, e.g. in The Netherlands.

Adaptation of sewer systems and urban retention basins 
 
In Flanders, sewers are often not only used to remove waste water. Together with ditches and streams 
they are often also responsible for the removal of rainwater (precipitation). The peak drainage into 
the sewage systems, ditches and streams increases due to heavy precipitation. A precipitation inten-
sity that in the current climate only occurs once every one and a half months, might occur monthly 
by 2100 under the wet climate scenario. A period of heavy precipitation that now only occurs once 
every two years would occur annually according to the same wet climate scenario. The heaviest short 
precipitation episodes (1 hour or less) that previously only occurred once a century might occur once 
a decade (Willems, 2009). In the coming decades climate change might result in a gradual increase 
in the number of sewer floods and overflows, with a negative impact on the quality of the surface 
waters.
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Flooding translated into economic risk 
 
The impact of climate change on high and low river flows are further converted into a possible eco-
nomic risk as a result of flooding. This risk of flooding is described as the average expected damage 
per surface and time unit, expressed in euro per m² and per year. In this way damage at a specific loca-
tion is primarily defined by land use and the local socio-economic context (housing prices in a specific 
municipality, yield from arable land, price of agricultural produce, vehicle prices, etc.). Densely built-up 
areas will suffer greater damage than pasture in the same flood; natural areas would not suffer any 
financial damage from the same flood.

Figure 5 shows the ratio of the risk under a climate scenario with the current risk per zone from the 
Flemish Hydrographical Atlas (vha-zone). Green indicates a drop in the risk of flooding; red indicates 
an increase in the risk. 
In the dry climate scenario the risk decreases strongly for all basins in Flanders. The total risk for the 
modelled part of Flanders has consequently also fallen sharply (56 % lower than the risk in the current 
situation). The drop is particularly pronounced primarily in the Demer (-84 %) and Yser basins (-72 %). 
This is a direct result of the fact that the peak drainage into the watercourses in the dry climate scenar-
io and consequently also the flooding areas are much smaller than in the current situation. Naturally 
this drop is not homogeneous in all parts of a river basin. 
In the moderate climate scenario there is still a drop at the Flemish level (-8 %) when compared to the 
current situation, albeit of a different order of magnitude than in the dry scenario. However the risk 
increases both in the Upper Scheldt basin and within individual vha-zones in other basins. 
There is an increase in the risk for all basins in the wet climate scenario. At the Flemish level the in-
crease in risk is 33 %. The Leie, Upper Scheldt and Demer basins particularly experience a very sharp 
increase in the risk by a factor of 2 to 3. For the Lower Scheldt and tributaries the increase is minimal: 
the risk would only increase strongly along the Nete and the Dijle.

It has to be mentioned that the exercise has been carried out primarily for navigable watercourses and 
that the increase of hardened surfaces is not included in the spatial scenarios.
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Figure 5: Evolution of the risk of flooding with the current land use as a result of the three climate 
change scenarios by 2100 (Mira Team, 2009)
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2.4.2.
   Germany

Inland flooding: 
Exemplary remarkable floods in German North Sea tributaries were floods of the Rhine (1993, 1995), 
the Odra (1997), and the Elbe Rivers (2002). Observations only partly show slight increases in flood 
intensity and flood probability. However, most of the identified trends are statistically not significant 
using all historically available gauge data (Bormann et al., 2008). In contrast, Petrow and Merz (2009) 
identified regionally significant trends in the second half of the 20th century in German river basins. 
Projections by the German Federal Government (Bundesregierung, 2008) assume an increasing flood 
risk in winter due to lighter snow fall as well as snow cover and strengthened direct runoff generation 
mechanisms.
In northern Germany there is currently no concrete strategy available to adapt flood protection to 
climate change conditions. In comparison, in southern Germany (Bavaria and Baden-Württemberg) 
so called ‘climate change adaptation factors’ have been introduced to adapt design floods to climate 
change conditions; thus, to take into account the non-stationary behaviour of hydrological time series, 
design floods are multiplied by factors depending on the flood probability, e.g., 15% for a hundred 
year flood, 8% for a 200 year flood, and 3% for a 500 year flood (Katzenberger, 2008; LfU BW, 2005).  

Coastal flooding: 
In Lower Saxony, sea dikes are assumed to be safe, assuming that there is no risk ‘behind’ the dike with 
respect to a potential dike breach. As mentioned above, projections of future sea level rise in Lower 
Saxony are based on the global projections of the IPCC (2007), compared to a linear extrapolation of 
the changes observed in the past (NLWKN, 2007). This results in an expected sea level rise of 18 to 59 
cm by 2100 (NLWKN, 2007). The current strategy therefore is to increase the height of dikes by the 
expected climate change induced sea level rise to further ensure safety.
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2.4.3.
  The Netherlands

Flooding in the Netherlands is approached by means of the description of flood risk. This risk of flood-
ing is projected as the probability of the occurrence of a flood event and the quantified damage that 
this event causes.

The acceptable risk level is assigned to different dike rings using an economical optimum. The risk 
formula translates a minimum level of safety, prescribed by law. This level of safety is described by 
the conditions that the dike-ring has to be able to withstand. This is called the level of exceedence. In 
Figure 6, the different dike rings and their level of safety (level of exceedence) are shown.

In the Netherlands, the dike-rings and the dikes that make up the dike-ring are subject to testing. 
Every five years the dikes are tested, whether they still meet the levels of safety as prescribed by law.

Climate-proofness of the risk approach
When the dikes are subject to the five yearly testing, they are required to be able to meet hydraulic 
conditions. These conditions are prescribed for a period of 50-100 years.

The Delta program 2011

The Delta Program is a national program. Government, provinces and municipalities collaborate in 
this project with input from civil society. The goal is to protect the Netherlands against flooding and to 
ensure sufficient fresh water for  future generations. The Delta Commissioner encourages the estab-
lishment and implementation of the Delta Program. He makes an annual Delta program proposal to 
the Ministers of I&M (Infrastructure and Environment)and EL&I (Economics, Agriculture and Innova-
tion). This proposal includes measures and actions to reduce flooding and water shortages. The Delta 
program has nine sub-programs: Security; Freshwater; New construction and Restructuring; the IJssel-
meer area; the Rijnmond-Drecht-cities; the South-western Delta; the Rivers; the Coast and the Wadden 
area. 

Figure 6: Dutch dike rings and their level of safety
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2.4.4.
  The UK

There are approximately 5.2 million properties in England under threat from flooding and climate 
change is expected to increase this threat in the future. Floods in recent years have forced the issue up 
the political agenda and the amount of funding from central government to deal with the problem 
has increased. The previous administration committed £2.15 billion between 2008/9 and 2010/11 in 
flood risk management. This resource is split between different agencies including local authorities, 
the Department of the Environment, Food and Rural Affairs (Defra) and the Environment Agency.

Investigations of floods in the middle of the first decade of this century highlighted deficiencies in 
managing flood risk. Multiple agencies are involved in managing the risk of flooding from surface 
water, foul water, rivers and seawater. This has resulted in the Flood and Water Management Act 2010, 
which became law on 8th April 2010. This had a number of impacts:

 The Environment Agency were given an overview of all flood and coastal erosion risk management 
schemes;

 County councils and unitary authorities have been given the lead role in managing local flood risk;

 The uptake of sustainable urban drainage schemes has been made more likely by removing the auto
matic right to connect to sewer systems.
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•	
2.4.5.

  Sweden

High river flows and flooding occur in Sweden on a regular basis. However, as the country is more 
sparsely populated than many other European countries, the impacts are often relatively less severe. 
Apart from climate, another factor that has an impact on the severity of flooding is the expansion of 
settlements and infrastructure into risk zones near watercourses, lakes and coasts. Such development 
makes it more difficult to ascertain whether flooding is on the increase due to a changing climate or 
due to society making it self more vulnerable to such risks. (SOU 2007:60)

Several notable floods have occurred in Sweden since the year 2000. These include several regions 
that were hit in autumn 2000/winter 2001 by prolonged periods of rain. This was probably the most 
severe case of flooding for Lake Vänern and surrounding areas in the last 100 years. Other examples in-
clude a prolonged summer rain in northern parts of the country in 2000, the southwest coast in 2002, 
and south eastern Sweden in 2003 and 2004. Autumn rains caused flooding in south western Sweden 
in 2006 and in extensive areas of southern Sweden in 2007. (SOU 2007:60)

Climate change projections have been translated into hydrological projections with the help of hy-
drological models. Studies to date indicate that mean runoff will increase across most of the country 
under future climate conditions. This is particularly true for western and northern parts of the country. 
Looking at extreme events, analysis of 100-year floods shows increases in magnitude for south west-
ern and north western parts of the country. This also indicates that floods with a 100-year magnitude 
in the present climate will become more frequent in these areas in the future climate. The changes 
in precipitation, water flows and water levels are also expected to increase the risks of erosion and 
landslide as well as changed behaviour and increased mobility of soil contaminants. (SOU 2007:60, 
Andersson-Sköld et al., 2008) 
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Figure 7: Flooding in Arvika

 
Flooding in Arvika 2000

In autumn 2000 there was flooding, the most severe in modern times in the Arvika municipality. The 
central part of the town was under water from early November 2000 until the end of January 2001. 
Temporary walls were built and the water was pumped out of the central parts. Traffic in the central 
parts of Arvika had to be redirected, the central bus station had to be relocated, railway traffic (person-
al transport, SJ) had to be shut down, lake traffic was hindered and industrial production in the region 
was affected. The National Road Administration board worked intensively to raise the levels of flooded 
roads in the areas as water levels increased. The costs for damages, redirections, delays and other in-
conveniences for society caused by this event are estimated to be around 200 Mkr (M€ 20) according 
to the municipal street and road manager Anders Norrby. (Norrby, 2010)

The costs are very high compared to the total budget for a medium-sized Swedish municipality such 
as Arvika. This is despite there having been no severe long-term damages and no deaths. In future 
such events are expected to become more common not only in Arvika but also in many other parts of 
Sweden where there is today no experience of and often not even awareness of the potential for such 
events (e.g. SOU 2007:60, Annex 15).  

As a consequence of the flood event in 2000-2001, the Arvika municipality is now working purposeful-
ly to analyse what happened and to identify and put into action measures to reduce damage should 
a similar event occur in the future. Advanced investigations of potential risks and potential measures 
have been carried out in the recent past and are continuing today. For example the Arvika municipal-
ity is making use of international experience and knowledge by participating in European networks 
and projects such as Flows and CPA (Norrby, 2010).
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3. COMPARISON OF RECOGNISED SECONDARY EFFECTS
 
 
When secondary climate impacts are being analysed they must inevitably be examined in the context 
of ongoing developments: the climate aspect is invariably only a single component of a broader sec-
toral, physical or socio-economic development. This can be described very well by linking the factors 
to the economic aspects of climate change. The economic aspects of adaptation strategies, including 
the interconnection between impacts and adaptation, for instance cost-benefit analyses, are not con-
sidered in this problem analysis. 
 
Economic impacts of climate change
Climate impacts from the perspective of economy can be analyzed in different ways: 

  General economic impacts, e.g. health issues, employment, higher or lower productivity of workers, 
regional attractiveness, accessibility, etc.

  Impacts on various economic sectors:
  Agriculture
  Forestry
  Fisheries
  Energy
  Tourism/ recreation
  Housing / building sector
  Water management
  Transport
  Landscape and Nature

 
The following table gives a brief outline of the recognised secondary impacts on the different pilot 
countries in the light, including an estimate of the time frame of the impacts and the associated au-
tonomous trends for each area.
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4. CONCLUSIONS

 4.1
  
Country conclusions

4.1.1.
  Flanders

In Flanders, thanks to the scientific projects of the last 5 years (e.g. CCI-HYDR), quantitative informa-
tion on future climate change effects, mostly using scenarios and statistical analysis of data on climate 
parameters, has been made available. For instance, abundant rainfall during storms is more frequent 
nowadays than in the past. Droughts have not yet become more intense during the 20th century 
according to current data. A rise in sea level, and probably in the frequency of storms, could aggra-
vate coastal flooding, coastal erosion and general coastal activity. This is further investigated in the 
Flanders Global Coastal Safety Plan (to 2050) and the scientific CLIMAR project (to 2100). Regarding 
extreme inland events, the frequency of recorded floods in Belgium has already increased during the 
last decades. Major inundations took place in 1995, 1998, 2002, 2003 and 2005. Land use planning 
is obviously partly responsible for those floods, but variations in winter precipitation and increased 
frequency of heavy rainfalls will nevertheless amplify flood risk.

There is not a lot of quantitative information available on secondary impacts of climate change in 
Belgium. Damage by flooding is the exception where detailed damage studies are available. An initial 
study on the effects on agriculture, considering part of the CC effects with available models, revealed 
limited effects for this sector. Coastal tourism, with a net positive effect due to climate change, is stud-
ied in the CLIMAR project. Descriptive studies for nature revealed less biodiversity and geographical 
shift of species in the future. 

Integrated water management planning in the Flemish region has evolved considerably. The aspect 
of climate change has, however, not generally been taken into account in the first planning cycle (up 
to 2009), but considered bottom-up (e.g. % changes in precipitation or discharges in models). Gener-
ally, there is much more interest in flooding than in other issues (drought, salinization) whilst it may be 
that drought is a more important issue than increase in flooding events. 

Several actions have been taken in the framework of integrated coastal zone management but there 
is no vision yet on spatial planning or adaptation strategies. The ongoing BLAST project (also Interreg) 
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aims at partly filling this gap. 
In the nature conservation area there is - compared to the great attention given to the impact of 
climate change on biodiversity –still a long way to go with the adaptation strategy (e.g. protection via 
Birds and Habitat Directive versus cc effects, choice for connection of natural areas or larger entities of 
nature …).  

Currently there is no proof of any ongoing policy actions in the spatial planning field. On a scientific 
level, there is the CCASPAR project. This project aims at a scientific evaluation and assessment of exist-
ing planning instruments and governance mechanisms for the implementation of spatial planning 
strategies related to climate change. 

In general, Flanders is currently implementing a bottom-up sectoral policy (adaptation of ongoing 
policy and measures in the water management and nature conservation field). However, in 2012, a 
regional top-down strategy for adaptation in Flanders will be made available. Currently, the adminis-
tration of environment, nature and energy has made the first steps in creating this plan. 

At the local level, a lack of interest is detected. There are, however, some interesting innovative ap-
proaches in case-studies. 

4.1.2.
  Germany

In the past century, statistically significant increasing trends have been observed for temperature and 
sea level while for many other variables such as precipitation the underlying variability is very large. 
For this reason detectable trends are not statistically significant. With respect to model based climate 
projections, there is similarly a clear indication of a rise in temperature. Precipitation is expected to 
change as well although models tend to disagree even in the direction change for summer precipita-
tion in northern Germany (IPCC, 2007). Sea level rise is expected to continue further in future, thus 
increasing the risk for coastal areas in particular.
Most water-related problems are concerned with floods and droughts. Extreme weather events are ex-
pected to occur more frequently in future while a quantification based on the available model projec-
tions is uncertain. However, climate change will aggravate current water management problems and 
have strong impact on other sectors as described above. The knowledge gained about such climate 
change impacts is still in a preliminary stage and in many cases does not allow for an exact quantifica-
tion. Further research is urgently needed. 
An adaptation to future climate change is doubtless necessary. The German government has ap-
proved a national adaptation strategy which up to now has to be understood as an organisational 
framework. It contains a national adaptation policy (top-down approach) but no regional recommen-
dations for action. Pilot projects such as ‘Climate Proof Areas’ work on the development of regional 
solutions which might be useful in other regions as well (bottom-up approach). In the current state 
of the process adaptation planning focuses more on technical solutions based on current systems. In 
the future it can be expected that an adaptation in terms of alternative land use strategies needs to 
be integrated into adaptation concepts. Currently the uncertainties in the future projections prevent 
an adequate integration of climate change effects into the planning process. For this reason further 
research on improved projections and impact assessments is required to accelerate the adaptation 
process. 
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4.1.3.
  The Netherlands

The direct effects of climate change have been well documented, on a national as well as on a regional 
scale. Secondary effects are often not yet perceived as factors to consider in developments in the near 
future on a regional scale or are still under investigation, such as the effects of drought on the availability 
of fresh water and the extent of heat stress in cities.
This can be attributed to uncertainty and the timescale of the expected changes, which are small within 
the policy horizon. This means that for a sense of urgency at least the development of a possible change 
must be known and the extent of the change will be larger than that which can be handled in the present 
situation. Typical for the Netherlands is the general awareness of flood risk. The devastating flood of 1953 
is still remembered and high river stands in the last decades have contributed to the national prioritiza-
tion of flood risk prevention. The maintenance of a determined level of safety is an ongoing process and 
thus the projected relative sea level rise and river high stands were incorporated in the nationwide plans 
to upgrade dikes, embankments and other constructions. The effects of an expected drier climate can 
also be well understood, because drought has been a subject of concern and study in the present climate 
conditions. As a result the expected impact of climate change on the local area of Schouwen-Duiveland 
has been identified including an assessment of the timescales, uncertainties and resulting urgencies. 

The main conclusions for Schouwen-Duiveland are:

  Climate change does not give cause for any major need for urgency 
before 2030.  

  On a very large timescale it may be that agriculture and 
the seadefences face challenges. 

  Opportunities to incorporate measures which are proof against cli
mate change in the area lie in the application of climate-proof 
design in new developments or planned refurbishments. Examples 
are the upgrading of the Bruinisse harbour front (floods in present 
situation), and multifunctional design of dikes.
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Drinking water supply

Problems exist regarding the limited fresh water supply. This is due to low groundwater tables and the 
expectation of a further lowering. This has the effect –amongst others – on the fresh water supply for 
the recreational functions on the west side of the island. At this moment, the water supply is partly 
provided by a pipe connection. In the long term (given identified climate impacts) this solution will 
have to be extended to the rest of Schouwen-Duiveland. The time scale on which this phenomenon 
may arise ranges from 50 to 100 years.

Agriculture: salinization and drought

For years now, salinization and drought have had effects on agriculture. The industry has, up to now, 
adapted to these changes. Structural increase of salinization and drought can increase the scale and 
urgency of these effects. The timescale on which the effects are expected is 30 to 75 years. The under-
lying primary climate effect – drier summers – is subject to a great deal of uncertainty.

Water defences and flood safety

Not all the sea dikes on Schouwen-Duiveland meet safety requirements. The scale of the safety is-
sues is not of a serious nature. Within the time span of 5 to 15 years adjustments to the dikes can be 
made to meet current and future safety requirements. On a longer time scale – 40 to 100 years – larger 
modifications of the water defences will be needed to meet changing conditions in the sea level and 
water levels in the Oosterschelde and Grevelingen. Scenarios exist concerning decommissioning of 
the Oosterschelde barrier. In the long term (2075 – 2100) this would require further robust structural 
changes in the way the water defences function.

Ecology

The effects of climate change on the ecology are already 
tangible. The water in the Eastern Scheldt barrier is 
subject to declining ecological life due to the lack of 
tidal dynamics. The ecological areas behind the dikes 
(land) are affected by changes in precipitation regime 
and temperature rise. This has impact, not so much on 
the area of ecological life, but on the species of ecologi-
cal life. These effects will increase with persisting climate 
change. Ecological goals (formulated in national and Eu-
ropean policy guidelines) will come under threat. A vision 
is required of what new ecological life is suitable in the 
expected climate change and the circumstances it creates 
for the area of Schouwen-Duiveland.

Tourism and recreation

In shorter and longer timescales climate change effects on 
these sectors are limited. The possibilities for the rejuvena-
tion of the industry to a more durable (climate proof ) form 
does open new opportunities.
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4.1.4.
  The UK

Climate change is happening. Without a reduction in global greenhouse gas emissions, climate 
change effects are likely to increase to dangerous levels. All sectors will be affected in some way. The 
economy, the natural environment and society are not immune to climate change. 
The flooding of recent years has had a major impact on many people’s lives and on the economy. Such 
events are more likely without adaptation and mitigation measures.
Biodiversity is threatened now more than ever with many species facing uncertain futures.
Even if the emission of global greenhouse gases was halted, the effects of previous emissions are still 
likely to be felt well into the future. Adaptation is therefore essential to reduce the inevitable effects of 
climate change.
The UK is working towards mitigation and adaptation through its many policies. Integrated, holistic 
and sustainable approaches are seen as key to meeting the UK Government’s vision of a healthy and 
resilient country in terms of the economy, the natural environment and society, while reducing the ef-
fects of the UK’s activities on the climate. 

 

4.1.5.
  Sweden

Potential vulnerabilities in different sectors are fairly well described on a national sector basis. In many 
sectors and many areas in Sweden a need for adaptation has been identified. Adaptation to a changed 
climate should permeate virtually the whole of society. Practical efforts will largely be implemented at 
a local level, by individuals, companies and municipalities. The vulnerability analyses have to a large 
extent already been downscaled to regional level but need to be downscaled even further. Based on 
local and regional vulnerability analyses, the need for adaptation should be assessed and adaptation 
strategies developed.

There is a bottom-up structure regarding responsibility for climate change impacts and preventive 
activities. The main climate change adaptation-related activities are, however, found at the municipal 
level and among different sectors at national level. Further discussion is needed regarding responsi-
bilities on the scale from land owners up to the national level, as well as sector responsibilities includ-
ing the insurance sector. At present there is no national agency and ministry responsible overall for 
adaptation co-ordination and policy development.
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 4.2
  
Overall conclusions

The aim of  this analysis (Work Package 1)  is to provide a status, to analyse the current situation. We 
will therefore highlight this analysis, without  providing our view on future development yet. The rec-
ommendations of the CPA partners for overcoming the issues mentioned below are formulated in the 
other work package reports. 

4.2.1.
  Primary effects of climate change 

The projected change in climate will significantly impact the hydrological cycle. The issue of sea level 
rises is well documented. Due to a warmer climate evaporation will increase, the magnitude and 
frequency of extreme weather events will increase, and so hydrological extremes such as floods and 
droughts are also likely to be more frequent and severe. A changing precipitation regime will impact 
run-off, sediment transport, water quality and the groundwater level. 
 
The range of problems, as summarized above, encountered (or assumed to occur) within the 
different North Sea Regions show numerous similarities. In this project we focused on effects 
related to changes in the precipitation pattern, sea level rise, river and coastal flooding and saliniza-
tion. For these effects we present an overview of the generally accepted scenarios in the different 
countries. The similarity in scale considered in these scenarios is enhanced by the international ex-
change between the scientific communities in the regions under consideration. When we consider 
current trends in the near past, general trends are obvious but in general it is too soon to consider 
them statistically significant. Some trends (e.g. rising average temperature in Germany) can already be 
considered as statistically sound.  

The awareness and hence the knowledge of the different effects is quite varied. Again, this dif-
ference in awareness seems to be the case in most countries. It is for instance quite obvious that the 
water managers pay much attention to the flooding problems (coastal or river flooding) and hence 
develop their adaptation strategy starting from solutions for this flooding issue. They already consider 
climate change effects in their problem description and flood management solutions.  This is in strong 
contrast to the limited scientific knowledge, availability of pilot projects and general awareness of 
issues such as drought and salinization. The drought problem – due to rising temperatures and the 
probable increase of longer (summer) periods without any precipitation is gaining recognition in the 
different countries. Drought manifests itself in different forms, depending on the local socio-economic 
and physical situation.  There is for instance a low water supply on the island of Schouwen-Duiveland 
(the Netherlands) due to lowering ground water tables and salinization. In Flanders, the densely 
populated coastal area will suffer in the future from drinking water shortages, certainly if the current 
and future increasing pressure of coastal tourism is considered. A well-known issue throughout the UK 
is the increasing vulnerability of ecologically valuable areas, due to decreasing water availability and 
increasing public demand and irrigation by agriculture. 
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Another striking observation is the need for more detailed, integral and regional information 
about the effects of climate change. On the one hand, it remains unclear whether the available cli-
matologic models currently allow further downsizing and integrated assessments. On the other hand, 
with the available information and using the scenarios as a means for scaling the uncertainty, there 
should be no more delay with more detailed and integrated assessments on a more local (catchment) 
scale. 

Finally, more work is needed on the determination of “tipping points”. For what “value” (of temper-
ature, rainfall intensity, number of droughts, …) does the situation become intolerable, unstoppable, 
… Hence, in addition to “thinking in linear time processes” with scenarios, the determination of these 
“tipping points” would allow us to determine in a more efficient way the future targets and establish-
ing the timing of adaptation measures. 

4.2.2.
  Secondary effects on and opportunities for socio-economic activities

The sensitivity of each sector will be determined by the influence of (water-related) climate change 
effects on the functioning of the system. In this summary report, we have provided an overview of 
the most important sectors and their likely vulnerability for climate change. 

Quantitative assessments on overall climate change effects for a specific sector remain scarce 
and the available results reveal a need for more detailed work. The complexity of the issue and the 
interaction of different primary effects on these overall sectoral effects are certainly the major reasons. 

Furthermore, these sectoral assessments should incorporate socio-economic scenarios in parallel 
with the climate change scenarios. Demographic change, land use change, economical and techno-
logical developments – regardless of climate change or partly influenced by mitigation policy – will 
also affect (increase or decrease) the vulnerability of NSR ecosystems, infrastructure and human settle-
ments. It is therefore important to take into account the other stress factors mentioned above when 
calculating net effects. It is obviously very naïve to consider that the real world will stand still for 100 
years when considering 2100 climate change effects. It is therefore important to put the “storylines” 
into practice and start developing long-term socio-economic scenarios. Some pleasing examples do 
exist, e.g. the extrapolation of the WLO-scenario’s in the Netherlands or the coastal tourism example in 
Flanders.
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4.2.3.
  Adaptation policy , measures and opportunities  

When considering the “national” adaptation policies in the different countries, some countries have 
already formulated their vision in a national adaptation strategy or plan; others haven’t or are in the 
process of doing so.  
When considering the countries that do not have a “top-down approach” yet, it seems that
“bottom-up initiatives” haven’t waited for the general plan. In most cases, water management mea-
sures and policy form this bottom-up approach. 
When evaluating the countries which have such a national strategy, the existence of this vision has 
not led yet to the implementation at a local policy level. This general lack of political interest at 
the local level (e.g. municipalities) is in strong contrast to the belief in and urgent need for local 
solutions and a planning approach based on local socio-economic and climate change effect 
conditions. 

Adaptation policy is not a “new policy” or thematic issue: our adaptation policy will consist of a 
clever shift in the existing “sectoral” policy and an integration of these sectoral policies towards 
a common goal: adapting for the future. When evaluating the different sectoral policies in their 
awareness, state of preparedness for adapting, it is clear that water management 
leads the way. Their experience in dealing with uncertainty, long term predic-
tions and exceptional events (e.g. preparing for a 100 year flood) on the one 
hand and the fact that climate change will act primarily by changing the hy-
drological cycle in all its components, are probably the two main reasons 
for their leading role in adaptation policy. Also nature conservation 
policy, given the important effect of climate change on biodiversity, is 
certainly considering and deepening their view on adaptation policy. 
A striking observation in most countries is, however, the de-
fensive, hesitating role of spatial planning in the adaptation 
strategy.

While the appropriate instruments for developing the 
spatial dimension of adaptation strategy and imple-
menting the clear “need for space” (or efficient shar-
ing of space) seem to be present, no pro-active 
developments, given the proverbial exception on 
the rule, could be identified.

With the CPA case studies, (e.g. the integrated 
spatial planning approach at the Schouwen-
Duiveland case) we hope to contribute to the 
solution of this issue.  

From the organisational point of view, it is 
often unclear who is responsible for develop-
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ing and implementing adaptation strategy at the different policy levels. While this project is not 
pleading for “new structures for adaptation policy”, our suggestion is to point out – in a flexible way 
and pointed towards the local situation – clear responsibilities when walking the adaptation path.  In 
addition, the importance of stakeholder identification and integration in any adaptation
project cannot be underestimated. The complexity of the projects (and the climate change problem) 
and the need to invest now in solutions to long term effects and problems will not make this task 
easier. 

It is clear that policy still relies principally on technical solutions. The leading role of water man-
agement described above is certainly a factor in this conclusion. However, there is an urgent need for 
non-structural and alternative measures. The need for an abrupt change towards alternative land 
use strategies is probably the most important example of these non-structural measures. We should 
also develop an integrated approach within the built-up environment (e.g. more blue and green in our 
cities). The type of measures to be implemented in the open land is better known. 

Finally – to end on a positive note - it is important, when developing an adaptation policy, to consider 
possible opportunities that will arise due to changing climate conditions. The most frequently cited 
sectors that can look forward to these positive effects are the (coastal) tourism sector and the agri-
cultural sector. While the “general feeling” is overall positive for the tourism sector due to the over-
riding importance of better climatic conditions (rising temperatures in the North Sea region), the net 
effect on agricultural activities will have to be evaluated case by case. Negative effects will arise due 
to salinization, water scarcity etc., whilst a positive effect on production will result from an overall CO2 

rise or it may be that new crops will be possible thanks to increasing temperatures.
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