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1  Executive summary

CliPLivE – Climate-Proof Living Environment was carried out in the framework of the South-East 
Finland – Russia ENPI CBC 2007–2013 Programme. The project participants included the State 
Geological Unitary Company “Mineral” (SC Mineral) and two other project partners from St. Peters-
burg: the A.P. Karpinsky Russian Geological Research Institute (VSEGEI) and the Committee for 
Nature Use, Environmental Protection and Ecological Safety of the city of St. Petersburg, as well as 
four partners from Finland: the Geological Survey of Finland (GTK), the Regional Council of Kymen-
laakso, Uusimaa Regional Council and Helsinki Region Environmental Services Authority (HSY).  
The city of Turku (Department of Environment and City Planning) acted as an associate partner in  
the project.

The project aimed to recognise the geological and environmental risks in the urban environment on 
the coast of the Gulf of Finland and has produced preliminary recommendations on how to mitigate 
the vulnerability of these areas to climate change impacts. The study areas were the city of St. 
Petersburg, the Kymenlaakso Region, the Uusimaa Region and the Helsinki Metropolitan Area. In 
addition, the project enabled the sharing of expertise and experiences on climate change adaptation 
in Finland and in Russia.

Climate change is a common challenge that the socie-
ties are facing. According to the latest simulations 
of the Finnish Meteorological Institute, the mean 

temperature in Finland will increase from 2.3 ºC to 6.0 ºC 
by 2100, which is above the global average (IPCC 2013). 
The change in annual precipitation will be 7–20% by 2100 
(Ministry of Agriculture and Forestry 2014). Other visible cli-
mate change-induced impacts that will affect the area of the 
Gulf of Finland are related to extreme weather events (heat 
and cold waves, heavy rains, storms) and changes in snow 
cover, the soil frost period and ice cover, as well as changes 
in cloud cover and in the thermal growing season. The mean 
sea level is projected to rise in the future on the Finnish coast 
of the Gulf of Finland, in contrast to the past declining trend 
(Johansson 2014).

The consensus that anthropologically induced climate 
change can no longer be fully prevented has led to the 
understanding of the need for applicable climate change 
adaptation measures. These should consider adaptation to 
current climate conditions, preparedness for extreme climate 
events and adaptation to long-term climate change impacts 
(e.g. Ministry of Agriculture and Forestry 2013). The EU 
Adaptation Strategy (adopted by the European Commission 
in April, 2013) has three key objectives: promotion of adapta-
tion actions in all Member States, enhancement of the climate 
proofing of the EU and strengthening of the information 
flow towards decision makers (COM 2013). The basis for the 
document comes from the EU White Paper on adapting to 
climate change (COM 2009).

The eligible programme area of the South-East Finland 
– Russia ENPI CBC 2007–2013 Programme, and the 
case areas of the CliPLivE project: St. Petersburg, 
Kymenlaakso and Uusimaa (darker blue colour).
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National, regional and local climate change  
adaptation in Finland
In Finland, the basis for climate change adaptation in land 
use planning comes from the Finnish national land use objec-
tives (2008) that set out climate change adaptation measures 
to be implemented in planning: “in regional and other land 
use planning, national land use objectives must be taken into 
account in a way that promotes their implementation” (Land 
Use and Building Act (132/1999)). The Act provides feasible 
tools for the development and implementation of adaptation 
measures at different levels of land use planning.

Finland’s National Strategy for Adaptation to Climate 
Change was adopted in 2005 (Ministry of Agriculture and 
Forestry 2005). It, for example, lists potential needs for 
adaptation in land use and community planning for flood-
sensitive areas and structures, shore areas, soil and the runoff 
of rainwater and surface waters. The implementation of the 
adaptation policies was evaluated in 2009 and 2013 (Ministry 
of Agriculture and Forestry 2009, 2013). Based on these 
evaluations, an updated strategy has been generated and 
a draft version was published in March 2014 (Ministry of 
Agriculture and Forestry 2014).

Most of the Regional Councils in Finland have a climate 
change strategy for their regions. Climate change mitigation 
is considered in regional planning, and adaptation measures 
are also presented, especially for flood risk management. In 
the Kymenlaakso region, climate change adaptation is part 
of the Regional Development Scheme 2030. The prepared-
ness, prevention, mitigation and adaptation to climate change 
are included in the Climate and Energy Strategy 2011–2020 
(Regional Council of Kymenlaakso 2010), as well as in the 
Natural Resources Strategy 2011–2020 (Regional Council 
of Kymenlaakso 2012) of the region. The Helsinki-Uusimaa 
Regional Programme outlines the vision and strategy 2040 
and strategic priorities 2014–2017 for the Helsinki-Uusimaa 
Region (Uusimaa Regional Council 2014). This document 
also includes climate change mitigation and adaptation 
options.

The Helsinki Metropolitan Area produced a climate 
change adaptation strategy in 2012 (HSY 2012). Many cit-
ies have also prepared strategies for specific issues, such as 
Helsinki for floods (City of Helsinki 2010) and storm water 
management (City of Helsinki 2008). 

Besides the Land Use and Building Act (132/1999), the 
Flood Risk Management Act (620/2010) plays a major role 
in climate change adaptation in land use planning by laying 
down the provisions concerning the organization of flood 
risk management. This national legislation implements the 
EU Floods Directive (2007/60/EY) at the national level. 
Other legislation that is closely linked to flood management 
is the Water Services Act (119/2001), the scope of applica-
tion of which was amended with storm water management 
in August 2014. The Land Use and Building Act was also 
amended to include storm water management provisions in 
September 2014. In addition to legislative regulations, other 
relevant national level guidelines with climate change adapta-
tion measures exist, such as “Flood preparedness in building 

– guide for determining the lowest building elevations in 
shore areas” (Parjanne & Huokuna, 2014), “Guide for storm 
water management” (The Association of Finnish Local and 
Regional Authorities, 2012), “Guide for crisis communication 
at water services” (Finnish Water Utilities Association, 2012) 
and “Exceptional situations related to environmental health – 
a handbook for environmental health care staff and coopera-
tion partners” (Ministry of Social Affairs and Health, 2010).

The aims and results of the CliPLivE project and 
their possible implementation 
The attainments from the CliPLivE project could provide 
support for regional and local climate change adaptation 
goals via awareness raising, new tools and international 
co-operation.

The CliPLivE project has contributed to reducing the ex-
posure to hazards and to promoting emergency preparedness 
in the built areas around the Gulf of Finland. Many impacts 
that are expected to be aggravated under a changing climate 
are already today seen as potential threats for the safety and 
health of the population (e.g. storm surges, heat island effect, 
droughts). In Finland, the CliPLivE project has focused its 
studies on flood events (storm surges, river floods and storm 
water flooding). Some information has also been collected 
about construction suitability and groundwater vulnerability. 
The studies were based on existing tools and methodologies, 
but new methodologies were also developed and utilized 
to estimate the soil infiltration capacity and seawater flood 
potential in the future.

One of the main aims of the project was to promote the 
exchange of experiences, awareness and expertise in the field 
of climate change-induced environmental and geological 
risks. It introduced new tools and methodologies for risk 
assessment and management of selected environmental and 
geological risks at different planning levels. By doing this, the 
project has supported sustainable development by enhancing 
knowledge of environmental and geological risks, risk assess-
ment tools and adaptation measures towards climate change.

This report entitled “Climate-proof living environment 
– methodologies, tools and practical recommendations for 
climate change adaptation in the Kymenlaakso and Uusimaa 
regions and the Helsinki Metropolitan Area” presents an over-
view of selected climate change-related hazards in the study 
area. It introduces a simplified method for the first stage risk 
assessment that is based on the vulnerability of different land 
use patterns. It also provides information on existing good 
climate change adaptation practices within the study area. 
Based on stakeholder workshops, expert interviews, literature 
reviews and case study visits, this report gives some practical 
recommendations for feasible risk assessment procedures and 
climate change adaptation options. By means of the climate 
change adaptation strategy of the Helsinki Metropolitan Area 
and its implementation activities, the project has also enabled 
an overview on how selected adaptation measures have 
worked in practice. 
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Figure 1. Communication and changing knowledge with stakeholders and other interest groups – case study visits to the Port of 
HaminaKotka, Porvoo Water, the Helsinki Metropolitan Area and the city of Hamina. Photos: Paula Tarvainen, GTK.
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2  Description of the study area

2.1  Socio-economic characteristics of the study area

Finland

Helsinki Metropolitan area

Kymenlaakso

Uusimaa

The Kymenlaakso Region
The Kymenlaakso region (the River Kymi Valley) is located 
in south-eastern Finland with a population of approximately 
180 000. The main cities are Kouvola and Kotka. For decades, 
Kymenlaakso has been one of the most significant forest 
industry clusters in Europe.

The city of Kotka is located at the delta of the river 
Kymijoki. Together with the neighbouring city of Hamina, 
they have the most important harbour in Finland. The Port of 
HaminaKotka is the largest universal, export, container and 
transit port in Finland, with regular connections to all major 
European seaports. The location near the border between the 
EU and the Russian Federation as well as near the European 
E18 motorway and rail connections is relevant for the port, 
as well as to other businesses. The city of Kotka is located 
130 km east of Helsinki and 290 km west of St. Petersburg, 
covering an area of about 950 km2, of which nearly 680 km2 
is water. The city has two centres: Kotkansaari (the Isle of 
Kotka) and Karhula. 

The city of Kouvola originally grew up around the junc-
tion of the north–south and east–west rail tracks. It is the 
western terminal of the Trans-Siberian Railway that leads 
from Europe to Asia, as well as a significant railway junction 
in Finland. Kouvola is Finland’s tenth largest city with about 
88 000 inhabitants. Industry is a major employer in the city, 
although the region’s forest industry has drastically declined 
in recent years. These days, an increasing number of people 
in the city are employed in commercial services. The largest 
employer in Kouvola is the Finnish Defence Forces.

Although the economic development of the Kymenlaakso 
region has been favourable, the population has been decreas-
ing for a long time. A large number of young and working-
age people have moved away from the Kymenlaakso region, 
mainly to the Helsinki Metropolitan Area. This migration has 
distorted the population’s age structure; the share of working 
age people has decreased and the relative share of the elderly 
has increased.

The Uusimaa Region
The Uusimaa region is located on the south coast of Finland 
and has a population of around 1.6 million, which is more 
than a quarter of Finland’s total population. The region is one 
of the fastest growing areas in Europe. The birth rate is high 
and people are continually moving to the region, both from 
within and from outside of Finland. In 2013, the population 
density in the Uusimaa region was 174 per/km2, being the 
most densely populated region in Finland.

The Uusimaa region is also the most urbanized area in 
Finland. It consists of 26 municipalities, including the capital 
city Helsinki. The region as a whole is characterized by a 
strong historical and social identity and it is being developed 

as one integrated area. The modern infrastructure and high 
living standards offer excellent opportunities for business de-
velopment in the region. Outside the Helsinki Metropolitan 
Area and its neighbouring cities, there are small towns, vil-
lages and sparsely settled rural areas and islands. The region 
covers a land area of about 9 000 km2, while the total area of 
the region is about 16 000 km2.

The Helsinki Metropolitan Area
The Helsinki Metropolitan Area covers about 745 km2 
and consists of the cities of Helsinki, Espoo, Vantaa and 
Kauniainen. The Metropolitan Area contains a total popula-
tion of approximately 1.4 million. According to forecasts, the 
population of the Helsinki Metropolitan Area will increase to 
1.6 million inhabitants by the year 2030, representing nearly 
30% of the total population of Finland. 

With about 19% of the county’s population within only 
0.2% of its surface area, the housing density of the Helsinki 
Metropolitan Area is high by Finnish standards. The popu-
lation density in certain parts of Helsinki’s inner city area 
is over 16 000 inhabitants per km2. However, the average 
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population density of about 3 000 inhabitants per km2 
ranks the city as quite sparsely populated in comparison to 
other European capital cities. Outside the inner city area of 
Helsinki, the Helsinki Metropolitan Area mainly consists of 
suburbs. Despite the intensity of land use, the region also has 
large recreational areas and green spaces.

From a national perspective, the Helsinki Metropolitan 
Area is a significant centre of population, jobs, public and 
private investment, infrastructure construction, administra-
tion and research. More than one third of the GDP of Finland 
is generated in the metropolitan region. The GDP per capita 
is roughly 1.3 times higher than the national average. The 
Metropolitan Area also has a high concentration of employ-
ment, totalling about 580 000 jobs. Approximately 70% of 
foreign companies operating in Finland have settled in the 
area, and 83 of the 100 largest Finnish companies are head-
quartered there. 

Table 2. Land area, population and its change, and GNP figures in the study regions and Finland (Statistics Finland 2014).

Province Area (land) km2 Population Change % GNP M€ GNP/citizen

01.01.2014 31.12.2013 2013 2011 2011

Kymenlaakso 5 148 180 845 -0.3 5 493 86

Uusimaa 9 097 1 585 473 1.2 71 321 132

Finland 303 891 5 451 270 0.5 188 679 100

Table 1. Population and its change in selected cities and  
municipalities located in the study area (Statistics Finland 2014).

City Population Change %

31.12.2013 2013

Helsinki 612 664 1.4

Espoo 260 753 1.5

Vantaa 208 098 1.4

Kauniainen 9 101 2.1

Kouvola 86 926 -0.4

Kotka 54 771 -0.2
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2.2 Geography, nature and climate of the study area

The Kymenlaakso region
Despite its fairly small geographical size, the landscapes in 
the Kymenlaakso region area are diverse. The Gulf of Finland, 
the River Kymijoki and the Salpausselkä formations divide 
the region into the archipelago and coastal district, the east-
ern topographically varying hill district, the western clay-soil 
district and the northern wilderness and lake district. The 
archipelago is characterized by rocky shores, large islands 
with forests, and steep cliffs. The rich variety of nature and 
landscape is also indicated by the fact that there are three 
national parks. The River Kymijoki is over 200 km long and 
is one of the largest rivers in Finland, with a drainage basin 
covering 11% of the area of the country. 

In the Kymenlaakso region, there are seven municipali-
ties, which are located within the two strong sub-regions, 
Kotka-Hamina and Kouvola. Due to the dense network of 
service centres and transport services, the Kymenlaakso rural 
and urban areas form a mosaic-like complex. The distances 
between rural and urban areas are short, except for the 
archipelago. 

The Uusimaa Region
The coastal plain of the Gulf of Finland is flat and low-lying 
with features mainly governed by a bedrock relief with fine-
sediment plains. Fracture valleys determine the topography, 
except in the central parts of the region. Eskers are few, and 
extensive mires are lacking. The coast is rimmed by an island 
zone. 

Post-glacial land uplift has shaped the landscape of the 
coast until today. The predominant island type in southern 
Finland is a rocky island of till partly covered with clay and 
silt. On the coast of the eastern Gulf of Finland, the propor-
tion of rocky shores is lower and till, gravel and sand shores 
are correspondingly more frequent.

The topography of the Uusimaa region comprises small 
barren hills of rounded rocks alternating with clay-bottomed 
valleys. Coastal bays and narrow inland lakes and rivers 
are often located in straight and steep fracture zones of the 
bedrock. The green areas in the Uusimaa region include 
forests, parks, national parks and cultural landscapes. The 
archipelago is a central part of nature in the maritime cities of 
the Uusimaa region. 

Climate
The Gulf of Finland brings characteristics of a maritime 
climate to the climate of the Kymenlaakso and Uusimaa 
regions. On the southern coast of Finland, for instance in 
the Uusimaa and Kymenlaakso regions, summer is usually 
about a month longer in both spring and autumn than in the 
northern parts of the country. 

Table 3. Climatological statistics (1981–2000) from the study region (Pirinen et al. 2012)

Hanko
(Uusimaa)

Helsinki
(Uusimaa)

Hyvinkää
(Uusimaa)

Lohja
(Uusimaa)

Kotka
(Kymen-
laakso)

Kouvola
(Kymen-
laakso)

Virolahti
(Kymen-
laakso)

Annual mean  
temperature (°C)

6.0 5.9 4.6 5.5 5.3 4.7 4.7

Annual precipitation 
(mm)

634 655 660 723 577 698 682
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3 Climate change in the study area 

3.1 General description of climate change in South Finland 

Greenhouse gas concentrations in the atmosphere 
are rising, and in 2013 a new record was reached 
for both the amount of emissions and the atmos-

pheric concentration (WMO). According to the latest IPCC 
assessment report (2013), the average temperature has risen 
by about 0.8 °C globally and about 1 °C in the Northern 
Hemisphere during the last 100 years. 

The climate estimates for southern Finland are based 
on the Intergovernmental Panel on Climate Change (IPCC) 
scenarios (see IPCC 2000) and the results of 19 global climate 
models. The progression of climate change will depend on 
the level of emissions in the future. The scenarios present 
different plausible futures, in which the emissions are also 
different. Global greenhouse gas emissions are highest in the 
A2 scenario and lowest in the B1 scenario. The A1B scenario 
has intermediate emissions. 

The IPCC published new scenarios in their latest as-
sessment report (2013). These new scenarios, the so-called 
Representative Concentration Pathways (RCPs) (see Plattner 
& Stocker 2013), do not, however, differ significantly from 
the earlier SRES scenarios in their projections of the changes 
in the global mean temperature to the end of this century. 
Therefore, the projections presented here can still be used as a 
basis for adaptation planning in South Finland.  

In southern Finland, temperatures are projected to rise 
more than the global average. If greenhouse gas emissions re-
main at their current level, the average temperature could rise 
by 4–6 °C by the end of this century. Winter temperatures are 
expected to rise more than summer temperatures, and very 
low temperatures could become rarer. Summer heat wave 
periods will become more common. 

Precipitation is expected to increase by 12–24% from the 
current level to the end of this century, depending on the fu-
ture greenhouse gas emissions. Precipitation will particularly 
increase in winter. Heavy rains are also assumed to become 
more intense. In summer, the heaviest rain intensities may 
increase by 10–25%. The longest dry periods both in winter 
and spring will become shorter, and periods of dry weather in 
summer could become longer.

Snow cover and soil frost will be affected by the warming 
climate. In the future, winter precipitation will be more water 
than snow. In southern Finland, the number of snow cover 
days is expected to decrease by 50% by the end of the century, 
and the average mass of snow cover could decrease even 
more, by 80–90%. Soil frost will be less than one half of the 
current depth. Soil frost depends on the duration of subzero 
temperatures and snow cover, so in the future, the depth of 
soil frost will also vary from year to year.

Figure 2. Change in annual mean temperature in Finland from 
2000–2100 in relation to the mean value for the period 1971–2000 
(in °C) . The estimations are averages based on the results from 
19 models. They are given separately for three alternative green-
house gas scenarios (A2: high emissions; A1B: fairly high emis-
sions; and B1: low emissions). Source: Climateguide.fi

Figure 3. Projected change in annual precipitation in Finland in 
2000–2100 compared to the mean of the period 1971–2000 (in 
per cent). The projections are mean values for the results of 19 
climate models, shown separately for three greenhouse gas sce-
narios (A2: high emissions; A1B: moderate emissions; and B1: 
low emissions). Source: Climateguide.fi
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3.2 Sea level rise and regional differences in the study area 

The semi-enclosed nature and the irregularly shaped 
basin of the Baltic Sea create local differences in sea 
level rise around the whole Baltic Sea region. Both 

long-term and short-term variation can be seen in sea level 
changes. 

Short-term sea level changes in the Baltic Sea can be 
explained by local or regional weather conditions, such 
as air pressure, ice cover on the sea, wind direction, force 
and duration, and internal oscillation (seiche). Short-term 
changes can cause sea level variations from 1.7 m in Degerby 
in the Archipelago Sea (Saaristomeri) up to three metres in 
Hamina. Water volume is not affected much by precipita-
tion and runoff to the sea in the Baltic Sea region. Runoff 
is estimated to raise sea level by only10 cm with maximal 
monthly runoff. Water volume changes through the Danish 
Straits are far higher, up to 6 cm per day for the whole Baltic 
Sea area. This would, however, require strong winds lasting 
over a week. The effect of long-term changes on the sea level 
is much smaller than the short-term changes, being from mil-
limetres (land uplift) up to 1.7 m (large-scale sea level rise) 
(Johansson 2014).

Long-term sea level changes are explained by changes 
in the Baltic Sea water volume, either through more water 
entering the Baltic Sea through the Danish Straits or through 
density changes originating from variation in seawater tem-
perature and salinity, large-scale sea level rise in the world’s 
oceans and land uplift. 

In Fennoscandia, the land is recovering from the pressure 
imposed by glaciers during the last ice age. Land uplift has 
occurred at a steady rate in the past and the uplift rate will 
probably remain the same for a long time into the future. 
From the Finnish perspective, the land uplift and its uneven 
distribution along the coastline, as well as the Gulf of Finland 
having higher flood levels towards east due to internal oscilla-
tion of the sea are strongly associated with the hazards posed 
by sea level rise in the coastal areas.

Land uplift is fastest in the Quark (Merenkurkku) area, 
being nearly one centimetre per year. The lowest uplift can 
be found in Southeast Finland. In the past, the land uplift 
rate has been higher than the rate of sea level rise so that 
the Finnish coast has experienced declining sea levels. Due 
to accelerating sea level rise in the oceans, this balance will 
change to a rising sea level on the Finnish coast of the Gulf of 
Finland in the future. In the case area of the CliPLivE project, 
the current land uplift levels also vary. In Hanko, the current 
uplift level is 5.00 ± 0.68 mm/a, in Helsinki 4.37 ± 0.69 mm/a, 
and in Hamina 4.05 ± 0.75 mm/a.
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Together, the land uplift rates and internal oscillation of the 
sea (lower levels in Hanko, higher in Hamina) cause higher 
flood levels in eastern parts of the Gulf of Finland. In Finland, 
the flood levels are expressed in frequencies. In a recent pub-
lication by the Finnish Meteorological Institute, the current 
flood levels for different mareographs on the coast have been 
reassessed (Kahma et al. 2014). 

The mean sea level in the Gulf of Finland is estimated to 
rise approximately 30 cm between 2000 and 2100, the highest 
estimate being a 90 cm sea level rise. Since land uplift reduces 
the effect of sea level rise in different amounts in different cit-
ies on the Finnish coast, the estimates for future flood levels 
vary.

Table 4. Once in 100 years flood level in metres above sea level in 
2011 and 2100 in the mareographs located in the study area. The 
height system is N2000. Flood levels are according to Kahma et 
al. 2014.

Hanko Helsinki Hamina

Flood height in m
1/100a flood 2011

1.68 1.93 2.43

Flood height in m
1/100a flood 2100

2.28 2.57 3.02
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Figure 6. Average sea level in Helsinki and Vaasa. The points in-
dicate observed annual averages, the unbroken line is the long-
term average based on observations until 1999 and on the esti-
mated future average sea level from 2000. Dashed lines describe 
the degree of uncertainty of the estimates, due in particular to 
uncertainty in the future behaviour of the ice sheets. Source: 
Climateguide.fi, Finnish Meteorological Institute.

The highest sea levels in the Baltic Sea are often measured 
during heavy winds in the winter months, when wind 
conditions cause more water to enter the Baltic Sea from the 
Atlantic and then create a seiche on top of that. The short-
term effects usually cause the most hazardous floods, as long-
term effects are considerably smaller.

In addition to these, the waves make the sea flood reach 
even higher. The profile of the coast affects wave height: the 
steeper the coastal slope, the higher the waves. Open sea 
areas also affect wave height. If winds have a long open area 
in front of the coast, the fetch on the water surface increases 
wave heights. The archipelago of Uusimaa protects the coast 
from high waves.



14

4 Geology and land use planning in 
climate change adaptation

Traditionally, urban areas have utilised and respected 
natural geological and geomorphological features. 
Nowadays, urban areas also spread to areas with less 

favourable geological characteristics. Challenging foundation 
and construction conditions should be taken into account in 
the early phase of planning processes (Ikävalko et al. 2011).

Finland is located on the Fennosarmatian craton, one of 
the oldest areas in Eurasia. The oldest parts of the craton are 
exposed, and younger rock types are missing completely. As 
Finland is not on the border of a crustal plate, earthquakes 
that people could notice are rare and faint. Some smaller 
earthquakes occur due to continuing post-glacial land uplift. 
The bedrock of the study area mostly consists of igneous 
and metamorphic rocks, and the existence of easily soluble 
carbonate rocks is rare. Thus, southern Finland is not prone 
to subsidence or sink holes resulting from karst processes.

The rising sea level and increasing precipitation may 
impact on ground stability and may cause landslides and land 
subsidence in coastal areas. 

Topography plays a major role when considering the 
vulnerability of an area to natural hazards. The low-lying 
coastal areas are the most vulnerable areas for storm surges. 
In particular, river embankments and coasts with erodible 
soil material present a risk for landslides. Here, the soil type 
is significant. Loose sediments such as clays and gyttjas loose 
their stability more easily. Clays that have a high salt content 
are especially prone to losing their stability during rain events 
when the water washes the salts between the clay particles 
out. In Finland, landslides may occur in river terraces and on 
coastlines, and especially in coastal areas with extensive fine-
grained sediment areas having thick clay layers. The land-
slides can be activated due to prolonged rains, extreme rain 
events, waving and coastal erosion, as well as due to changes 
in the water content of soils, groundwater tables or in water 
level or water flow of rivers. Construction activities may also 
subject soft sediment layers to stress and cause landslides.

Soil types also determine other geotechnical qualities 
of the soil. Frost susceptibility and bearing capacity depend 
on the soil type, i.e. the size fraction of the soil particles and 
water content. These characteristics may be impacted by 
climate change. When selecting appropriate climate change 
adaptation options, the soil type is an important factor. For 
example, natural storm water management depends on the 
water infiltration capacities of soils. 

The sustainable use of geological resources is promoted 
by land use planning. The mining of industrial mineral ores 
and metallic ores is important in Finland. Rock aggregates 
(hard rock aggregate, gravel and sand) are especially used 
for construction purposes. Peat production is for energy 
and environmental purposes. The utilisation of geoenergy 
via ground heat pumps has increased (Pokki et al. 2014). 
The Finnish environmental administration maintains a 
database for groundwater resource monitoring (POVET). 
Groundwater quality and groundwater tables are monitored 2 
to 4 times a year at about 80 monitoring stations. Information 
on geological resources and their use is important for many 
aspects of society. Accurate data on the location, volumes 
and characteristics of geological resources can help to steer 
regional development planning (Vuori et al. 2011).

The Environmental Protection Act (527/2014) promotes 
the sustainable use of natural resources in general. In relation 
to geological resources, the Act unambiguously prohibits the 
contamination of soil or groundwater. The Land Extraction 
Act (555/1981) ensures sustainable environmental develop-
ment. It is applied to the extraction of rocks, gravel, sand, 
clay and topsoil (mull). The Water Act (587/2011) promotes, 
organises and coordinates the use of water resources and 
the aquatic environment. Water services are ensured by the 
Water Services Act (119/2001). The Land Use and Building 
Act (132/1999) ensures that the use of land and water areas 
and building activities on them create preconditions for a 
favourable living environment and promotes sustainable 
development.

Six national nature conservation programmes secure the 
diversity of nature, of which three are tightly associated with 
geology, i.e. conservations programmes for mires, eskers and 
shore areas (Ministry of the Environment 2013). Separate ac-
tion plans also ensure the sustainable use of natural resourc-
es. For example, the so-called POSKI project has aimed at 
protecting the environmental value of geological formations 
as well as securing the supply of high quality groundwater 
to communities, and high quality aggregate for construction 
purposes. The Natural Resource Strategy for Finland has a 
key message of “using natural resources intelligently” (Sitra 
2009). Finland’s Minerals Strategy (2010), for its part, gives 
recommendations for a sustainable minerals policy. 

The southern, coastal area of the Kymenlaakso re-
gion is rather plain and low-lying. The topography 
is dominated by the bedrock relief and fine-grained 

sediments overlay the plains and valleys. In the northern part 
of the region, the Salpausselkä ice-marginal formations give 
its characteristics with numerous lakes in the northern part 

4.1  Geology of the Kymenlaakso region



15

of the region. The River Kymijoki, which begins from Lake 
Päijänne, flows through the entire region before discharging 
into the Gulf of Finland close to the city of Kotka. 

The crystalline bedrock of the Kymenlaakso region 
mainly consists of different varieties of rapakivi granite 
(Simonen 1987). The rapakivi granites are mainly coarse-
grained porphyritic rocks (so-called Wiborg rapakivi), which 
have a tendency to weather in situ (Valovirta 1972). 

Typically, thin moraine layers cover the crystalline bed-
rock. The topography of the so-called Loviisa-Kotka hum-
mocky moraine area varies from two to five metres (Mäkinen 
et al. 2007). To the south of Salpausselkä I, from Kouvola to 
Hamina, there is a complex of end moraines (the so-called 
Elimäki end moraine field), which are rather poorly identi-
fied from the environment due to their low topography. The 
highest ridges are less than 10 metres high, some of which are 
covered with rocks and sandy till. (Valovirta 1972; Kielosto 
1986; Mäkinen et al. 2007) Till and disintegrated rapakivi is 
used for various construction purposes. Bedrock outcrops 
and the bedrock areas with thin overburden dominate the 
landscape in the east coastal area. 

In the Salpausselkä formations, the material is mainly 
gravel, sand and silt. There are numerous eskers in the 
Kymenlaakso region that are typically less than 20 metres 
high, rather narrow-topped and often fragmented. In the 
coastal area, the eskers have spread out into the shore depos-
its (Valovirta 1972). 

The main part of the bedrock in the Uusimaa region 
belongs to the Uusimaa belt. This sedimentary domi-
nated belt contains mica schists and gneisses with 

relatively common carbonate rock interlayers. Volcanic rocks 
(Vaasjoki et al. 2005) and some smaller rapakivi granites are 
also found (Rämö & Haapala 2005). From a geomorpho-
logical point of view, the main special characteristics of the 
bedrock structure in the Uusimaa region are long and distin-
guishable bedrock fracture zones.

Till covers the bedrock and evens out the bedrock relief 
and ground surface morphology. Till is also found under 
younger soil layers. The moraine deposits in the western part 
of the Uusimaa region are often extensive pre-crags, which 
may have smaller ice-marginal moraine ridges on their sur-
face. Boulder-rich hummocky moraines are found in eastern 
parts of the region. Ice-marginal moraine ridges are common 
in the Hyvinkää-Mäntsälä area (Mäkinen et al. 2007).

Glaciofluvial deposits are scattered, mainly eskers in most 
parts of the region. The most significant formations are the 
Salpausselkä ice-marginal deposits that are mainly glaci-
ofluvial in origin. Salpausselkä I rises from the sea on the 
Hanko peninsula from where it extends through the Uusimaa 
region from Lohja to Hyvinkää. The Hanko peninsula is 
characterized by Salpausselkä I, the surroundings of which 
are dominated by littoral sand deposits and fine sandy wind-
transported deposits covering the glaciolacustrine sediments. 

4.2 Geology of the Uusimaa region

In Lohjaharju, the thickness of the Salpausselkä I formation 
is over 70 metres. Salpausselkä II runs parallel to Salpausselkä 
I. It rises from the sea on Bromarv towards Karjalohja and 
Karkkila. The western most part of the formation consists of 
one or more low ice-marginal deposits characterized by sand, 
gravel and moraine and esker deltas (Rainio 1998).

Different types of fine-grained sediments (clay and silt) 
have formed over a long period of time due to physical and 
chemical weathering of the bedrock (primary source) and 
cohesive soil (secondary source) (Ojala 2011). The mid-
southern part of the Uusimaa region is characterized by clay 
deposits that cover low-lying areas and by bedrock outcrops 
that break through the clay plains. The thickest clay layers 
in bedrock fracture zones are over 30 metres thick. The fine-
grained sediments were deposited in an aquatic environment 
during the different phases of the Baltic Sea. This has influ-
enced the physical and chemical properties of the deposits 
due to variations in humus, clay and water content, as well as 
mineralogy. Acid sulphate soils are found in the areas below 
the highest water level of the ancient Litorina Sea. Isolated sea 
bays filled with gyttja and other organic sediments are com-
mon in the fragmented coastal zone.

Peatlands and wetlands are scattered throughout the region 
formed by overgrown small lakes, ponds and isolated sea bays. 
The most extensive peatlands are located in northern parts of 
the region with a mean thickness of less than 5 metres. 

Sand and gravel deposits are widely utilized for construc-
tion purposes. The eskers also provide an important source 
of drinking water. The high fluorine content in groundwater 
is a characteristic feature of the coastal area due to fluorine-
bearing minerals in the rapakivi granite (Valovirta 1972). It 
must been noted that sand and gravel deposits may also exist 
underneath the clay layers, especially in southern parts of 
Salpausselkä I (Rainio 1998).

The clay deposits are mainly concentrated in river beds 
and valley bottoms. The most extensive clayey area is found 
in the north-west from Kotka in Elimäki and Kouvola where 
till and sand deposits break through the clay expanse. The 
valley of the river Kymijoki is also dominated by clay. The 
thickest clay layers are 20 metres. Silty clays are common, and 
rich clay is only found in deeper beds. The clays have been 
utilized to manufacture bricks (Valovirta 1972; Mäkilä et al. 
1991). Nowadays, the clay areas are mostly under cultivation. 

Peatlands and bogs are widely spread. The most extensive 
peatlands are found in south of Salpausselkä I and the deepest 
bogs (about 2.5 m) are found in the Salpausselkä surround-
ings. In the coastal area, the peat deposits are small and thin 
due to their young age (Valovirta 1972; Mäkilä et al. 1991). 
The National Peatland Preservation Programme covers nearly 
2000 ha of all peatlands.
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5 Identifying hazards and estimating 
potential risks in the study area

The hazards that are predominant in the study area are 
the same for both the Uusimaa and the Kymenlaakso 
regions. They do have different significance for these 

two regions, however. As Kymenlaakso is located further 
east on the Gulf of Finland, the sea floods are higher than 
in Uusimaa. River flood estimates for the River Kymijoki 
in Kymenlaakso are that spring floods will be higher in the 
future. Storm water flooding might cause more damage in 
the Uusimaa region, as it is more built-up, or in other words, 
there are more buildings and infrastructure that can be 
damaged.

River floods mainly occurring during the spring, when 
snow is melting, are common. Major sections of the rivers 
freeze during the winter, and when the melting starts, the 
broken ice floating down the rivers may cause damage to 
nearby structures, such as bridges. River floods can last over 
a week. The estimates for future river floods vary depending 
on the river and its location in Finland. In southern Finland, 
the spring river floods are estimated to be lower, but autumn 
floods could occur more often. This is due to warmer winters, 
which means more precipitation will fall as rain instead of 
snow, and snow melting will have a smaller effect on floods.

Storm surges occur during long periods of heavy winds, 
as they change the water budget in the Baltic Sea by increas-
ing the amount of water in the whole basin through increased 
flow via the Danish Straits. In addition to this, heavy winds 
create internal oscillation (seiche) of the water in the Baltic 
Sea basin. This causes sea floods of several metres, and the 
floods are most pronounced at the ends of long gulfs, such as 
the Gulf of Finland or in the northern part of the Bothnian 
Bay. Sea floods last for about 12 hours. In the future, along 
with the sea level rise, flood levels will also be higher.

Urbanization leads to storm water flooding (flash floods) 
in built environments. Heavy rain events on sealed surfaces 
causes rainwater to form large pools in urban areas, block-
ing important traffic routes and causing severe damage to 
buildings. In the future, rain event intensities are estimated to 
increase and flash floods may occur more often if proper meas-
ures are not taken in land use planning and building practices.

Risks for the study area were identified by combining 
the identified hazards with current land uses that represent 
different vulnerability classes. Several land use classes were 
combined to support risk prioritization and to make the 
maps visually more easily readable. The risk prioritization 
was carried out using the so-called Delphi method involving 
a selected group of anonymous panellists.

The Delphi method weighs expert opinions to iden-
tify solutions or common opinions for issues with many 
variables, or issues for which objective solutions cannot be 
found. The method is used in many types of risk analysis 
that combine social, economic and environmental view-
points (Olfert et al. 2006).

The land use classification used in the risk matrix is a 
simplification of that used by the participating regional coun-
cils, mainly focusing on different types of flood risks, such 
as storm surges, river floods, storm water flooding. From the 
final risk matrix, it can be seen that forestry and agriculture 
are considered as having generally low risks during differ-
ent flood events. Floods will not change these land use types 
permanently, and neither will they prevent any significant 
municipal services from functioning. The functionality and 
safety of society were ranked highest in importance. Storm 
water flooding followed by river floods and storm surges ap-
pear to cause a nuisance to many of the municipal services, as 
they might interrupt most of these services. 
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5.1 Land use of the study area

The main aim of the regional plan is to set out the 
principles of land use and community structure, 
and designate areas for regional development. In the 

CliPLivE project, the regional plan was utilized to indicate 
the potential vulnerability of an area to selected climate 
change impacts or geological characteristics. There are differ-
ent types of vulnerabilities that may require different types of 
mitigation actions. The main vulnerability classes are social, 
physical, economic and environmental. Physical vulnerability 
can be divided into the physical natural qualities of an area 
(such as slope steepness or soil type) and the physical assets 
located in an area (such as buildings, roads, electricity lines, 
sewers). These are qualities that were considered when com-
posing the generalization of the land use plan and especially 
when assigning risk values for the combination of each land 
use class and a possible hazard.

Social vulnerability
•	 Population density, dependency ratio, education 

rate
•	 Critical functions (hospitals, schools, fire 

stations)

Physical vulnerability
•	 Buildings (e.g. houses on flood prone area)
•	 Infrastructure (traffic, interruption of water, 

energy and heat supply)

Economic vulnerability
•	 Physical damage (cost of repair)
•	 Effects on economy (production losses)

Environmental vulnerability
•	 Valuable sites
•	 Release of environmentally harmful substances  

(landfills, accidents/damages)

Vulnerability due to physical characteristics of the 
area
•	 Low-lying areas
•	 Soil quality
•	 Groundwater areas
•	 Structures not planned to cope with future cli-

mate conditions

An example: Industrial area has many vulnerabilities 
=> physical (damages to assets or infra), economic 
(production losses), environmental (possible nega-
tive impacts to surroundings)

The regional plans of Uusimaa and Kymenlaakso have some 
variation in their classifications. In the CliPLivE project, the 
land use classification of the two regions was generalized in 
order to highlight the most relevant land use classes for the 
carried out studies. Generalisations also make the regional 
plans more easily comparable, and enhance visual reading of 
the maps. The plans were categorized into ten main classes:

•	 Central functions, offices and services
•	 Residential areas
•	 Special areas
•	 Industry
•	 Infrastructure
•	 Water supply
•	 Nature protection
•	 Cultural protection
•	 Recreational areas
•	 Forestry and agriculture

Some of the main classes were also divided into sub-classes 
illustrating the function more specifically. 

It is assumed that the damage potential grows with the 
number of buildings and amount of infrastructure. A large 
number of public services (health care, schools and civil 
protection) or a large number of people with limited coping 
capacity (elderly, children) also make areas vulnerable. Thus, 
the land use class with ‘Central functions, offices and services’ 
is often considered vulnerable towards climate change im-
pacts. In order to be able to indicate the most vulnerable are-
as, data on the locations of hospitals, schools and fire stations 
was obtained from the Population Information System of the 
Population Register Centre for the Uusimaa region. The land 
use classes ‘Special area’, ‘Industry’, ‘Infrastructure’ and ‘Water 
supply’ indicate the economic vulnerability. Physical damage 
to these functions may be serious and interruptions in the 
water supply, energy supply, heat supply or traffic cause severe 
problems for society. Unfavourable environmental impacts 
may be envisaged if the occurrence of a hazard causes the 
release of environmentally harmful substances. A hazard-
ous event may also weaken the present conditions of an area 
with special environmental or cultural values. This concept 
of vulnerability is based on Klein et al. (2013) and it has also 
been utilized in the city of St. Petersburg.
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The Kymenlaakso region
According to the generalized land use plan, the dominant 
land use classes in the planning area of the Kymenlaakso re-
gion are ‘Forestry and agriculture’, ‘Water supply’ and ‘Central 
functions, offices and services’. 

The major part of the planning area is reserved for 
forestry and agriculture (32.6%). These areas are located 
around the main urban areas and smaller rural municipal 
centres. This reflects the mainly rural history of the area. The 
Kymenlaakso region has also been a historically important 
area for forestry, having several sawmills, and a major part of 
the country’s timber rafting was previously carried out via the 
River Kymijoki. 

Water supply (19.4%) in the region depends on local 
groundwater sources. As the region has large end moraine 
formations, Salpausselkä I and II, and several eskers, there are 
large groundwater reserves in the area. Local industries are 
also dependant on the good quality of groundwater in this 
region.

Central functions, offices and services (12.1%) are mainly 
located around the cities of Kotka and Hamina on the coast 
and the regional centre of Kouvola. Residential areas and of-
fices are mainly located in the same areas. Smaller residential 
areas can be found in local municipal centres of Kouvola. 
Some large industrial areas are remotely situated away from 
residential areas, such as the waste treatment centre of 
Anjalankoski.

Infrastructure also accounts for a large proportion 
(10.0%) of the regional land use, especially when the size of 
the population (180 845 in 2014, approximately 11% of that 
of Uusimaa) is taken into consideration. 

The Uusimaa region
Approximately 30% of the population of Finland lives near 
the Helsinki Metropolitan Area, so it is logical that a major 
part of the planned area of the Uusimaa region is designated 
for residential and office use (28.0%). The region has many 
cities on the coastline, so a vast quantity of buildings and 
infrastructure are also located in flood prone areas. 

Areas reserved for agriculture and forestry (23.5%) are 
located on the edge of the region, especially in the north, and 
there are more agricultural and forestry areas in the eastern 
parts of the region than in the western parts.

Water supply (14.1%) consists of existing groundwater 
areas and surface water areas that are used for water intake. 
Actually, only a small part of these water reserves are cur-
rently used as drinking water, since the capital region obtains 
its drinking water from Lake Päijänne through a tunnel. 
Groundwater areas in Finland are usually quite small and 
very sensitive to quality and quantity changes, so they are 
indicated in land use plans in order to ensure their proper 
protection.

Nature protection areas and infrastructure constitute 
around 11% of the planned area. There are large nature 
protection areas near the shoreline and in the archipelago on 
the southern coast that are mainly reserved for bird conserva-
tion. Infrastructure supports the majority of the population 
living in this region. Goods are transported to more remote 
locations mainly on roads rather than railways, which also 
explains the amount of infrastructure in this region.

Land use in the Uusimaa region is dominated by the 
capital region located in the area and by population growth 
in many of the regional cities. Therefore, the urban land 
use classes are more dominant in the area than in the 
Kymenlaakso region. 

Figure 7. Share of land use classes on land and island areas in the planning area of the Kymenlaakso and Uusimaa regions based on 
the generalized land use plan. Source: CliPLivE project.
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The EU Floods Directive (2007/60/EY) sets the basis for 
flood risk management in EU. In Finland, however, 
flood risk management was already carried out before 

the implementation of the Directive and in greater detail than 
demanded by the Directive. 

Flood risk management plans that focus on prevention, 
protection and preparedness should be ready by 2015 for the 
significant flood areas assigned by the EU Member States. The 
Directive concerns river floods, storm surges and storm water 
flooding. The flood hazard maps indicate the flood extent, 
water depths or water level return periods, and if possible the 
flow velocity. The flood risk is evaluated by adding informa-
tion on vulnerabilities, such as population, infrastructure, to 
the hazard maps.

In Finland, the areas having a potentially significant 
flood risk have been assessed by the Finnish environmental 
administration and specially assigned flood working groups, 
and designated by the Ministry of Agriculture and Forestry. 
The flood risk has been assessed as significant in 21 areas, 
four of which are seawater flood areas. The Kymenlaakso re-
gion has two significant flood risk areas: the lower part of the 
River Kymijoki and the coastal district of Hamina and Kotka. 
The Uusimaa region has two significant flood risk areas: the 
coastal districts of Helsinki and Espoo and the coastal district 
of Loviisa. In addition, municipalities are responsible for as-
sessing the risk of storm water flooding in urban areas. Flood 
hazard and flood risk maps are available from the Flood Map 
Service: http://paikkatieto.ymparisto.fi/tulvakartat prepared 
by the Flood Centre, which is a common service provided 
by the Finnish Environment Institute and the Finnish 
Meteorological Institute in co-operation with the regional 
environmental administration (so-called ELY Centres) and 
rescue services.

Storm water flooding or flash floods occur during heavy, 
long lasting rains or short but very intense rain events. Storm 
water sewers are often built to sustain storm water flooding 
that occurs once in two years. The rain events that are used to 
calculate the adequate capacities for storm water sewers are 
based on figures from the 1960s. As intense rain events occur 
very locally, the most intense rain events might not have been 
registered by the monitoring network. Therefore, there exists 
an issue of under capacity in storm water sewerage planning. 

Factors contributing to storm water flooding include soil 
sealing with impervious pavement types, such as asphalt, 
bricks, stones or concrete. Especially growing cities with a 
large amount of new construction are vulnerable to storm 
water flooding due to the increase in paved areas. In older 
cities, it is difficult or impossible to upgrade the sewers to an 
adequate capacity or change the pavement type, but in new 
development areas it is easier to make decisions based on the 
latest information.

Geology has similar effect to paving in connection with 
intense rain events. Very fine grained or tightly packed sedi-
ments, such as thick clay layers or tightly packed moraine, 
as well as bedrock are not able to infiltrate rain water fast 
enough to the ground, leading to flash floods. It is also worth 
remembering that water can additionally flow underground, 

forming floods where they are not directly seen, for example 
in basements.

To estimate how prone the study areas are to storm water 
flooding, the hydraulic conductivity of soil types, the percent-
age of soil sealing and slope steepness were combined on  
20 m x 20 m raster maps. Then maps were classified into eight 
different classes according to the combination of qualities 
they possessed. ‘0’ is the class for the highest infiltration 
capacity / lowest storm water flooding potential and ‘7’ for 
the lowest infiltration capacity / highest storm water flood-
ing potential. Bedrock areas and watercourses were excluded 
from the classification at this point. Sewerage and vegetation 
type or existing flood management structures were also not 
taken into account in this estimation.

Surface water flooding and especially river floods usu-
ally occur during spring when snow accumulated during the 
winter months melts. Spring floods will decrease in southern 
Finland in the future due to climate change, but floods dur-
ing the other seasons might increase. In southern Finland, 
the change in precipitation is the main factor affecting flood 
patterns. 

Rivers in southern Finland are of varying sizes. The larg-
est is the River Kymijoki. The smallest have only local signifi-
cance. Large lakes and rivers may also be regulated with dams 
or their level may be kept within certain limits to protect 
agricultural areas around the watercourse. Although the most 
significant river flood areas have been defined, this does not 
mean that the other rivers are not prone to flooding. 

Warmer winters may increase frazil ice phenomena in 
rivers. If the temperature remains steadily below zero, the ice 
will stay in place and will not move along the river to form 
dams. If the temperature in winter oscillates constantly on 
both sides of zero degrees, the formation of ice dams increas-
es. This phenomenon is, however, very difficult to forecast.

Storm surges in Finland are mainly caused by rapid sea 
level rise. Causes include low air pressure in the area, internal 
oscillation caused by a long-lasting heavy wind towards the 
north or north-east from the Baltic Proper, and heavy winds 
through the Danish straits. 

One important factor affecting storm surges in Finland 
is post-glacial land uplift. Until now, the land uplift rate has 
been higher than sea level rise, increasing the land surface in 
coastal areas. According to recent estimates of sea level rise, 
the future land uplift rate will not be able to fully compensate 
for sea level rise, as it will accelerate in the coming decades. 
Therefore, storm surges will become higher in the future, 
even if the land uplift rate remains stable. 

5.2 Different flood types in the study area 
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5.2.1 Storm water flooding and flash 
floods

Present-day situation of storm water flooding and 
the flash flood hazard and risk potential
The Uusimaa region is largely covered by bedrock areas 
(39.7%) that either crop out or are covered with thin over-
burden. When estimating the infiltration capacity of soils, 
the bedrock areas are not considered. Approximately 11% of 
the area is hardly prone to storm water flooding (classes ‘0’ 
and ‘1’). Approximately 12% of the area has a low potential 
for floods (classes ‘2’ and ‘3’), and 19% (classes ‘4’ and ‘5’) has 
soil properties that increase their potential for flooding dur-
ing heavy rains. Another 19% of the area (classes ‘6’ and ‘7’) 
has a high potential for storm water flooding. It can clearly be 
seen from the generated maps that all the largest city centres 
in the study area (Hanko, Raasepori, Helsinki Metropolitan 
Area, Porvoo and Loviisa) have a low infiltration capacity and 
thus a higher potential for flash floods. This also applies old 
river valleys that have thick clayey sediment layers with low 
water permeability, such as the surrounding areas of the River 
Vantaanjoki, the River Kerava and the River Kymijoki in the 
easternmost part of the Uusimaa region.

The Kymenlaakso region has a remarkably similar distri-
bution of infiltration capacity classes to the Uusimaa region. 
Approximately 6.5% of the land area is hardly prone to storm 
water flooding (classes ‘0’ and ‘1’), 11% of the area has a low 
potential for floods (classes ‘2’ and ‘3’), and 21% (classes ‘4’ 

and ‘5’) of the land area has properties that increase their 
potential for flooding during heavy rains. Approximately 
18% of the area (classes ‘6’ and ‘7’) has a high potential for 
storm water flooding. In the Kymenlaakso region, the areas 
prone to flooding are the city centres of Kouvola, Kotka and 
Hamina, and surroundings of the River Kymijoki. The impact 
of geological characteristics on this hazard can be clearly 
identified from the generated map. Across the Kymenlaakso 
region from west to east run two large end moraine forma-
tions (Salpausselkä I and II). On their southern sides, the 
sediments are dominated by fine-grained material compared 
to the northern side. This can be seen as an increased storm 
water flooding potential, especially south and southwest of 
the city of Kouvola.

A map of storm water flooding risk areas was created by 
combining the infiltration capacity data with the regional 
land use plan. Risk classification was carried out according to 
the generated risk matrix. The maps reveal large areas with-
out any risk (42% for Uusimaa and 44% for Kymenlaakso). 
These areas are not designated as necessary for regional 
development and thus are not reserved for any specific land 
use. They are mainly forest areas. In the Uusimaa region, over 
18% of the area designated with a land use in the regional 
plan has low risk potential for storm water flooding, 26% has 
a medium risk potential, 13% a high risk potential and only 
0.3% has a very high risk potential. The respective figures for 
the Kymenlaakso region are 15%, 34%, 8% and 0.1%.

5.9 %

0.7 %

4.9 %

6.1 %
3.5 %

17.9 %

17.6 %

0.2 %

43.3 %

Soil infiltration capacity classes (%) in the 
Kymenlaakso region

0

1

2

3

4

5

6

7

Bedrock outcrops and 
bedrock areas with <1 m 
soil cover

7.1 %
3.7 %

5.0 %

7.0 %

3.8 %

14.8 %

17.8 %
0.9 %

39.7 %

Soil infiltration capacity classes (%) in the 
Uusimaa region

Figure 8. The soil infiltration capacity in the Kymenlaakso and Uusimaa regions, with infiltration classes presented as a percentage of 
the region’s land area. The higher the indicated number, the lower the infiltration capacity and the higher is the potential for storm water 
flooding. Source: CliPLivE project.
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Figure 9. Risk potential for storm water flooding and its distribution between risk classes in the Uusimaa and Kymenlaakso regions. 
Source: CliPLivE project.

Future prognosis for storm water flooding and its 
risk potential
In southern Finland, the annual average precipitation is 
estimated to increase in the future, and most of the precipita-
tion falls as rain, and in the future during warmer winters 
even more precipitation will be as water instead of snow. This 
would also mean a higher potential for winter storm water 
flooding.

National guidelines exist on the best management options 
for storm water flood areas, and some mitigating structures 
have been built. Since geological factors such as the soil type 
or the slope of the ground surface of our living environ-
ment cannot be mitigated, the areas that are prone to storm 
water flooding will most probably be the same in the future. 
Approximately 14% of Uusimaa and 8% of Kymenlaakso has 
a potentially high or very high risk of storm water flood-
ing events. As the areas prone to storm water flooding add 
up to almost 18% in both study regions, this is an issue that 
should be continuously taken into account when planning 
new areas. However, the scale of the analysis that is carried 
out at the regional level must be noted. For storm water flood 
risk estimations, the local master plan level would be more 
appropriate for estimating the potential risk areas and to steer 
municipalities towards proper flood management actions.

5.2.2 Surface water floods 

The 1/100a flood reoccurrence was used to describe the 
current flood hazard. This frequency is also the level that the 
latest building elevation guidelines recommend developers to 
take into account when building new construction in coastal 
areas (Parjanne & Huokuna 2014). In addition to this, the 
site-specific wave height should be added to the construc-
tion elevation depending on the topographical features of 
the coast and on size of the lake. The 1/250a flood was used 
to describe future floods. This was justified by acknowledg-
ing that increasing rainfall amounts in southern Finland will 
lead to possibly heavier flooding. Not all rivers will behave 
in a similar way, and smaller catchment areas in southern 
Finland will probably not experience significant flood pattern 
changes.

Figure 10. A sports and recreational park with storm water man-
agement in Kirkkonummi. Photo: Philipp Schmidt-Thomé, GTK
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Figure 11. A recreational park as a storm water management  
area within a residential area in Helsinki. Photo: Paula Tarvainen, 
GTK

Figure 12. Storm water management within a residential area in 
Vantaa. Photo: Paula Tarvainen, GTK

The distribution of flood-depth classes for the Uusimaa 
region is different from that for the Kymenlaakso region. 
There are no major changes from the 1/100a floods to the 
1/250a floods. This could be a direct outcome from the topo-
graphical features around watercourses: the rivers and lakes 
in this region have steep, steadily rising slopes, which keeps 
the distribution of flood depth classes the same, even though 
the absolute area covered by floods increases. The rivers 
mainly follow the topographical features of the bedrock, and 
the river channel shape is less likely to have changed during 
past millennia. Furthermore, in the Uusimaa region, the soil 
type in the surroundings of river valleys is mainly clay, so the 
infiltration capacity is very low. The amount of soil sealing 
next to rivers and lakes is very low, and cannot therefore be 
considered as being a contributing factor to flooding.

The geological history of the area could partly explain 
the flood class distribution. In the Kymenlaakso region, the 
River Kymijoki was more extensive in its initial stage and had 
higher flow amounts. Due to the unequal land uplift veloc-
ity across Finland, the rivers from some of the largest lakes 
have changed their flow direction from the western coast 
towards the south or south-east. The profile of the river chan-
nel may lead to a specific distribution of flood depth classes. 
The Rivers Vantaa and Kerava have generally steeper slopes 
than the River Kymijoki, which has a wide basin with gentle 
slopes, exposing the area to extensive floods. 

 

In the Kymenlaakso region, surface water flooding 
mainly occurs in the River Kymijoki. For other main rivers 
(Nummenjoki, Summanjoki, Vehkajoki, Pyölinjoki, Virojoki) 
located in the region, no flood modelling is available. 
Therefore, the surface flood hazard for the Kymenlaakso 
region is only based on flood modeling data for the River 
Kymijoki. The need for flood modelling for less impor-
tant flood areas is, however, identified by the Finnish 
Environment Institute. 

A typical feature for the River Kymijoki catchment area is 
the large number of lakes. Many of these lakes have regulated 
flow, which has a considerable effect on the floods in this 
area. Another feature that causes floods is frazil ice dams 
(hyydepadot) on the river part that is located south of Anjala. 
These types of ice dams may cause flood levels as high as 70 
cm (ELY-centre 2011).

The flood depth class distribution in the Kymenlaakso 
region for the 1/100a floods indicates that shallow floods are 
more dominant than the deeper floods. For 1/250a floods, 
the proportion of deeper floods increases substantially. This 
could be due to low-lying areas existing next to rivers and 
lakes, which instantly turns shallow floods into deeper ones 
when the water level rises. The soil type in the surroundings 
of the river valleys is mainly clay, so the infiltration capacity is 
very low. In addition, the amount of soil sealing is very low. 

In the Uusimaa region, the surface water floods mainly 
occur in the River Kymijoki in Loviisa, the River Vantaa, 
which flows through the cities of Hyvinkää, Nurmijärvi, 
Vantaa and Helsinki, and the River Kerava, which flows 
through Kerava to Vantaa and discharges to the River Vantaa. 
For the River Espoonjoki in Espoo, the flood depths are 
not available, but flooded area estimates exist. The changes 
expected in the size of future river floods are quite small 
(±10%). Flood-prone areas are also identified for Lake 
Lohjanjärvi.
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Figure 13. River channel cross sections at random locations along the Rivers Vantaa and Kerava. It should be noted that the river chan-
nel bottom cannot be identified from laser scanning data. Source: CliPLivE project.
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In the Kymenlaakso region, the potential risk due to surface 
water flooding is mainly low or medium (values ‘1’ and ‘2’). 
The flood-prone areas of the River Kymijoki mainly consist of 
nature protection, agriculture and forestry, and recreational 
areas. These land use classes are not considered to be at risk 
in a similar manner to different urban land use types in the 
case of a flood event. 

In the Uusimaa region, the flood risk is higher than in 
the Kymenlaakso region, mainly because many of the flood-
prone areas are built up. Urban land use is considered to be 
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more vulnerable to floods than other land use classes. In the 
Uusimaa region, the potential risk due to surface water flood-
ing is mainly low or medium (values ‘1’ and ‘2’) and nearly 
10% of the flood-prone land area has a high risk potential 
(value ‘3’). The change in flood frequency from the 1/100a 
floods to the 1/250a floods does not significantly affect the 
risk potential.

Figure 16. The distribution of surface water flood risk in the Kymenlaakso and Uusimaa regions as a percentage of the whole flooded 
area. Note: the Kymenlaakso region’s diagram is only based on data from the River Kymijoki.  Source: CliPLivE project.
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5.2.3 Storm surges

The Finnish Environment Institute has created storm surge 
maps for the most important flood areas on the Finnish coast. 
Currently, the maps do not cover all of the study area, and 
no official time series maps on storm surges are available at 
present. Thus, storm surge maps specifically suited to the 
needs of the CliPLivE project were created using the latest sea 
level rise scenarios based on the publication of the Finnish 
Meteorological Institute (Kahma et al. 2014). This publica-
tion also presents estimates of flood frequencies for 2050 
and 2100. The latest construction guidelines indicate that no 
important or vulnerable new buildings should be constructed 
lower than the 1/100a flood level. Therefore, the risks below 
this level should be minimized in optimal land use planning.

Storm surges are expected to increase in the future along 
with sea level rise. According to the estimates, the flood levels 
will slowly rise from current situation to 2050, but the rate 
of rise will increase from 2050 towards 2100. In 2100, the 
1/100a floods are expected to be similar to the 1/1000a floods 
of today. In addition to sea level rise, extreme weather events 
(especially strong, long-lasting westerly winds) are estimated 
to be more severe in the future. These two factors together are 
the main causes for short-term sea level changes on the coast 
of Finland (Johansson 2014). 

Table 5. Water level maxima at different mareograph stations in 2011. MHW = Mean high water. Source: Kahma et al. 2014

 Water level (cm) in the N2000 level system

Mareograph MHW 1/10 1/20 1/50 1/100 1/250 1/1000

Hanko 100 131 145 156 168 182 205

Helsinki 121 154 166 181 193 208 231

Hamina 148 189 205 227 243 264 296

Table 6. Water level maxima at different mareograph stations in 2050 and 2100. Source: Kahma et al. 2014

Water level (cm) in the N2000 level system

Frequency (cases level 
exceeded / year)

1/20 1/50 1/100

Year 2050 2100 2050 2100 2050 2100

Hanko 147 201 162 217 173 228

Helsinki 173 228 188 245 200 257

Hamina 214 264 235 285 251 302

Table 7. Water level maxima at different mareograph stations in 2100. Source: Kahma et al. 2014
 

Water level (cm) in the N2000 level system

Frequency (cases level exceeded / year) 1/250 1/1000

Year 2100 2100

Hanko 244 266

Helsinki 273 297

Hamina 323 355

In the coastal areas of the Kymenlaakso and Uusimaa 
regions, the flooded areas in the 1/100a floods will slightly 
increase from 2011 to 2050, but the increase in flooded area 
will be greater from 2050 towards 2100 due to faster sea level 
rise.

The topography influences the estimated flood depth. 
In the Kymenlaakso region, the coastal areas are quite low 
lying, which can also be seen from the distribution of the 
flood depth classes. From 2011 to 2050, there will be minor 
changes in the flood class distribution, but from 2050 
onwards the change is expected to be stronger, and in 2100 
the Kymenlaakso region will experience higher flood levels. 
Larger parts of the flooded area will be covered by deeper 
floods. In particular, the proportion of 2–3-m-deep floods 
will significantly increase.

In the Uusimaa region, the same phenomenon can be 
seen: changes from 2011 to 2050 are small, but towards 2100, 
the floods will have more impact and they will cover a larger 
area than before. In particular, deeper floods will occur more 
often than previously experienced.
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Figure 17. Total flooded areas in different flood depth class-
es during 1/100a storm surges in 2011, 2050 and 2100 in the 
Kymenlaakso region. Source: CliPLivE project.
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Figure 19. Storm surge depth classes presented as percentage of 
total flooded area in the Kymenlaakso region for 1/100a floods in 
2011, 2050 and 2100. Source: CliPLivE project.
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Figure 18 Total flooded areas in different depth classes during 
1/100a storm surges in 2011, 2050 and 2100 in the Uusimaa re-
gion. Source: CliPLivE project.
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Figure 20. Storm surge depth classes presented as a percentage 
of the total flooded area in the Uusimaa region for 1/100a floods 
in 2011, 2050 and 2100. Source: CliPLivE project.
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In general, the storm surges are, however, considered to 
cause mainly low or medium risk potential (classes ‘1’ and 
‘2’) in the studied timeframe. Compared to the Uusimaa 
region, the land use of the areas prone to sea flooding in the 
Kymenlaakso region comprises agricultural and forestry areas 
as well as nature protection and recreational areas. Thus, the 
high and very high risk potential (class ‘3’ and ‘4’) will not 
increase significantly in the future, even though flood-prone 
areas are predicted to be more extensive. The most notable 
increase  can be seen in risk class 4 (i.e. very high risk poten-
tial) in 2100.  

In the Uusimaa region, the low and medium risk poten-
tial (classes ‘1’ and ‘2’) is dominant, but towards the end of 
the century the risk potential will slightly increase towards 
classes ‘3’ and ‘4’, i.e. high or very risk potential. The increase 
will not, however, be remarked compared to the current 
situation. The most notable increase can be seen in classes 
‘3’ and ‘4’, which is most likely due to urban land use on the 
coast. Many major cities in the Uusimaa region (e.g. Helsinki 
Metropolitan Area, Porvoo) are located on the coast, being 
more exposed to storm surges than the major cities in the 
Kymenlaakso region (e.g. Kouvola). 

In both study regions, the risk potential will slightly 
increase  towards 2100, mainly due to deeper floods and 
more extensive flood-hazard-prone areas. This fact could also 
be seen as an incentive to strengthen the vulnerable areas 
when renewing buildings and infrastructure, so that dam-
age could be avoided in the future. The fact that an increase 
in storm surges is less likely to be noticed during the period 
2011–2050 should not hide the unfavourable changes these 
regions will experience during time period 2050–2100. It 
must be noted that the land use plan applied in risk analysis 
is the same for all studied years.

Figure 22. Storm surge risk classes presented as a percentage of the total flooded area in Kymenlaakso and Uusimaa for 1/100a floods 
in 2011, 2050 and 2100. Source: CliPLivE project.
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Estimations of both geotechnical and chemical soil 
properties provide the cities with information on 
feasible areas for different construction purposes. By 
also considering topographic information such as 
slope steepness, slope aspect and elevation level the 
areas can be evaluated in more detail. Brownfields 
and man-made soils may face soil contamination. 
Infrastructure especially in terms of underground 
pipelines may significantly increase the building 
costs in areas with thin soil layers, weak excavatabil-
ity or high frost susceptibility. The energy efficiency 
of buildings may be improved by taking into account 
the slope aspect (north-facing slopes are cooler 
than south-facing ones). Low-lying areas in coastal 
areas are flood-prone and thus not applicable for 
construction.

5.3 Construction conditions of soil 

Climate change may cause unfavourable impacts on 
the construction conditions of soils. In particular, 
changes in the soil frost period may cause unexpect-

ed challenges to existing foundation techniques. Heavy rains 
as well as changes in precipitation patterns, in snow cover 
and in groundwater conditions alter soil properties such as 
the bearing capacity and frost susceptibility. They may also 
contribute to landslides and erosion. In addition to changes 
in soil characteristics, changes in flood patterns will narrow 
the areas that are most suitable for construction purposes. 

In the CliPLivE project, the geological characteristics 
affecting construction conditions were studied based on 
existing geological maps and data at the regional level. The 
Quaternary geological mapping data of GTK were used to 
identify the most suitable areas for construction. This evalu-
ation was based on the general geotechnical characteristics 
of different soil types. The fine-grained component directly 
affects the soil permeability. Frost susceptibility proper-
ties and organic matter weaken the geotechnical suitability. 
The data were amended with information on slope steep-
ness that has been calculated according to the airborne 3D 
laser scanning data of the National Land Survey of Finland 
(or alternatively the 25 x 25 m pixel-size digital elevation 
model). Due to extensive study area, detailed investigations 
could not be carried out. However, this approach indicates 
well the most suitable areas for construction that are mainly 
topographically plain areas covered with sand and till. On the 
other hand, it is also possible to identify the most demand-
ing areas with unfavourable soil types such as peat, gyttja 
and mud and topographically challenging steep slopes. The 
map also indicates the areas with man-made soil that require 
site-specific analysis due to their diverse geotechnical and 
chemical properties. 

In order to describe the construction conditions more in 
detail, existing drilling data and geophysical surveys can also 
be utilised. For example, the thickness of fine-grained sedi-
ments can be estimated based on drilling data and airborne 
geophysical surveys. This type of cost–benefit approach based 
on existing surveys and studies could provide a rough esti-
mate of the construction conditions of soil to be utilized in 
local master plans. For more detailed planning, site-specific 
field studies are always needed.

Current construction suitability maps do not take into 
account any changes in soil properties due to climate change. 
However, areas indicated with demanding or very demanding 
construction conditions will have the most negative impacts 
in terms of changes in bearing capacity and frost susceptibil-
ity. Changes in the groundwater level can also cause problems 
in areas that are currently considered to have good construc-
tion conditions. Site-specific studies on these impacts are 
recommended. 

The classification of the construction condition map is based 
on four soil specific categories: very good, good, demanding 
and very demanding construction conditions. Bedrock areas, 
man-made soils, water bodies and some built-up areas without 
geological information are shown as their own categories.
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Figure 23. Construction conditions in the 
Kymenlaakso and Uusimaa regions. The per-
centage has been calculated from the total land 
area, with water areas excluded. Source: CliPLivE 
project.

5.3.1 Construction conditions in the 
study area

Construction suitability maps were made for the whole 
study area at the regional level. In both the Kymenlaakso and 
Uusimaa regions, approximately 40% of the land area is clas-
sified as a bedrock area. The characteristics of these areas for 
construction have not been considered. The most favourable 
construction conditions with sandy soil and low topography 
cover about 5% of the land area. The favourable construction 
conditions with moraine and low topography cover about 
14% of the land area. Demanding construction conditions 
with clay areas or areas with varying topography are more 
common in the Uusimaa region than in the Kymenlaakso 
region. The most demanding construction conditions with 
soft organic soils such as peat and gyttja are found more in 
the Kymenlaakso region than in the Uusimaa region.

Construction conditions were also reviewed at the local 
master plan level in the Helsinki Metropolitan Area and in 
the cities of Porvoo, Loviisa and Kotka. In Loviisa and Kotka, 
bedrock areas are not as dominant as in the Kymenlaakso 
region in general, and favourable construction conditions are 
more abundant. In the Helsinki Metropolitan Area, there is a 
lack of geological information on already built-up areas and 
man-made soils appear more often than in other areas. 

In conclusion, the construction suitability class “demand-
ing construction conditions” is strongly represented in the 
study area. It is recommended to better study the thickness 
of fine-grained sediments in order to distinguish thin clay 
layers with better construction conditions from thick clay 
layers with much more demanding construction conditions. 
However, this type of preliminary analysis of the thickness of 
fine-grained sediments could not be conducted in the course 
of the CliPLivE project.

Figure 24. Construction conditions in the Helsinki 
Metropolitan Area. The percentage has been  
calculated from the total land area, with water  
areas excluded. Source: CliPLivE project.
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5.3.2 The risk maps for construction 
conditions in the study area

The risk maps for construction conditions were prepared 
according to the risk matrix table. The highest scores, i.e. risk 
values with “4”, were given by the expert group to areas with 
special or critical functions that are located in areas with very 
demanding construction conditions. They cover schools, 
hospitals, fire stations, nuclear power plants, waste and 
wastewater treatment areas, industrial areas with a special 
status (Seveso and chemical) and infrastructure areas. Some 
of these areas were considered to have a risk class “2” even in 
the most favourable construction conditions. This is justified 
due to fact that critical facilities such as industrial and waste 
treatment areas always need case-specific risk assessment and 
management. 

Figure 26. Construction site with demand-
ing soil construction conditions in the city of 
Espoo. Photo: Ossi Ikävalko, GTK.

Due to the fact that the applied risk assessment methodology 
is only based on current land use, most of the areas are con-
sidered to have a low risk based on their construction condi-
tions. The dominant land use in the study areas is forestry 
and agriculture. The risk maps could have been more in-
formative and have a stronger guidance status if different land 
use scenarios had been available for risk assessment calcula-
tions. By comparing different land use choices with construc-
tion conditions, most unsuitable areas could be preliminarily 
identified. The more accurate and detailed the available data 
are for construction condition estimations, the better are the 
estimates for the locations of different functions.
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medium risk
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risk
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Figure 25. Distribution of risk classes of construction conditions in the Uusimaa and Kymenlaakso regions. Source: CliPLivE project.
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5.4 Groundwater vulnerability

Groundwater areas in Finland are small, and since 
the Quaternary deposits are rather thin (average 
thickness of soil in Finland is 8.6 m), the groundwa-

ter areas are sensitive to many types of quality and quantity 
changes. The groundwater surface is often only in 1–4 metres 
depth from the ground surface, and the seasonal variation is 
usually between 0.1–1.0 metres. 

Groundwater areas encounter deteriorating effects mainly 
due to pollutants or other unwanted chemical agents through 
infiltration into the ground from the soil surface. Industry, 
urban activities, and forestry and agriculture each expose 
groundwater to different threats and chemicals. There are reg-
ulations to prevent any qualitative and quantitative changes 
in groundwater, but climate change may pose new risks that 
are not preventable with the same methods as before.

Geological factors such the formation type and size 
of an aquifer, and the stratigraphy of the formation play a 
considerable role in how vulnerable an aquifer is. Sand and 
gravel formations with good hydraulic conductivity are easily 
contaminated, as infiltrating water easily transports quality-
deteriorating agents. The geological structure of an esker or 
an end moraine such as the Salpausselkä formations deter-
mines how vulnerable an aquifer is to pollution. 

Since aquifers in Finland are generally small and separat-
ed from each other, it is difficult to make any generalizations 
concerning how climate change will affect them, other than 
in relation to water budget. Instead, they should be investi-
gated in a case-specific manner in order to take into account 
their specific features. 

Precipitation 
Climate change will affect groundwater quantity and qual-
ity in the future through increased yearly precipitation, the 
change in winter precipitation from snow to water in south-
ern Finland, and at least in the southern part of the country 
through shorter winters and snow-cover periods. Higher 
temperatures may affect the groundwater quality through 
increased microbial activity and chemical solubility of differ-
ent elements. Warmer and dryer summers could also cause 

declining water tables in the aquifers of southern Finland and 
seasonal water shortages in smaller aquifers (Vienonen et al. 
2012). 

The Finnish Environment Institute has conducted re-
search on how climate change may affect groundwater. One 
of the findings is that yearly groundwater cycle will change 
in the southern parts of Finland and seasonal variations will 
be stronger. In southern Finland, the impact of cold winters 
will become smaller, and water reserves will be continu-
ously filled through the winter season in the future. Summer 
droughts might increase, leading to occasional water short-
ages (Vienonen et al. 2012). Similar findings were obtained 
in a study in the Hanko region, where droughts during the 
summer are estimated to increase (Luoma et al. 2012).

Sea level rise
Sea level rise in the Gulf of Finland may affect coastal aqui-
fers by sea water intruding the aquifers, and by raising the 
groundwater level in the coastal areas (Luoma & Okkonen 
2014). Sea floods have been noted to affect the water quality 
at water intake facilities that are located close to the seashore. 
The water salinity in the Gulf of Finland is quite low, as the 
sea is brackish. Seawater is not, however, suitable for drinking 
and will possibly cause a long-lasting quality deterioration if 
it enters an aquifer. Islands that have their own small aquifers 
may also experience a deterioration in quality resulting from 
storm surges. Especially sensitive are aquifers that consist 
of coarse-grained material with good hydraulic conductiv-
ity. When seawater intrudes an aquifer, freshwater rises as a 
lens above the intruding heavier sea water. This effect in the 
water table can be seen in monitoring wells, and it can affect 
the water table quite far inland (Luoma et al. 2013). When 
the groundwater table is close to the ground surface, possible 
contaminants may infiltrate the aquifer more easily together 
with rain water, and groundwater may also reach contami-
nants located in the upper soil layer. A rising groundwater 
level further inland can also cause damage to infrastructure.

Figure 27. Estimation of montly changes in groundwater recharge in southern Finland due to climate change. Source: Luoma et al. 2012
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Figure 28. A schematic diagram of the Santalanranta water works area in the Hanko peninsula, illustrating the potential saltwater  
intrusion into the freshwater aquifer. From presentation: Luoma S., Seawater intrusion in a shallow coastal aquifer, 10.9.2012.

The city of Hanko and its sandy aquifer are located on the 
Hanko peninsula on the Salpausselkä I. The water table in 
this aquifer can vary by up to 2–3 m. The land use is rather 
intensive, with various industrial activities and functions re-
lated to the harbour. The results of recent studies have shown 
that future groundwater recharge in Hanko will increase, 
causing the groundwater level to increase as well (Luoma et 
al. 2013) and making the aquifer more vulnerable to con-
tamination. The adverse impacts on the Hanko aquifer may 
be even more recurrent in the future due to sea level rise and 
changing storm surge patterns.

A combination of over-pumping of groundwater and 
storm surges can cause risks to aquifers, and also to the water 
intakes. As pumping reduces the groundwater level and low-
ers the water flow from inland towards the sea, seawater can 
intrude coastal aquifers. In the future, it is recommended that 
the water intakes that are located very close to the seashore 
and are in danger of water quality changes are moved to a 
location with a higher elevation, which will reduce the effects 
of seawater rise on water quality. This is important, as storm 
surges are expected to be higher due to sea level rise.

Surface water floods
Aquifers that are close to rivers or have a river running 
through them may be affected by flood waters. For example, 
flooding of the River Kymijoki has been estimated to increase 
in the future (Veijalainen et al. 2012). Rivers carry nutrients, 
bacteria and contaminants, and flooding might transport 
these harmful substances to aquifers more effectively than 
a regular river flow. Similar effects can be found on aquifers 
that are located near or next to lakes. 

In the city of Porvoo, the aquifers receive a large part of 
their water from rivers through infiltration. However, the wa-
ter quality in the rivers is not necessarily very good. This has 
caused quality problems at the water intake facility located 
on the aquifer, so that a reserve water intake has been used 
on another aquifer to satisfy to the water demand of the city. 
Future river flooding might increase these quality problems. 
Storm surges might cause similar problems for the water 
intake, as they might reach close to the water intake facilities 
via rivers. During a storm surge, the water flow from rivers 
to sea might be prohibited or slowed, so that they are more 
prone to flooding inland.
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6 Current best practices for climate 
change adaptation in the Baltic Sea 
Region

Nearly all the Baltic Sea countries have adopted a na-
tional strategy for climate change adaptation. Many 
adaptation strategies and action plans also exist that 

have been prepared for regional or local levels. Work at the 
regional or local level includes practical actions on climate 
change adaptation. The results of climate change adaptation 
planning are to be continuously incorporated into all forms 
of other planning (e.g. regional, local and emergency prepar-
edness plans), and it is important to take climatic changes 
into consideration in the everyday work. The rate of updating 
of these different action plans must be regularly adapted to 
correlate with the new information on climate projections 
and technical developments in the area. 

In the Baltic Sea Region, the cities located on the sea 
shore have both benefits and disadvantages due to their vicin-
ity to the sea. Sea level extremes will increase more than the 
mean sea level, especially along the eastern Baltic coasts. In 
these areas, storm surges and global average sea level rise may 
cause an increased risk of flooding. Land uplift would also 
compensate the sea level rise at least in the northern parts 
of the Baltic Sea (Meier et al. 2006). Many coastal cities have 
experienced rapid development during recent years, and the 
value and quantity of buildings and technical installations 
located in areas that are prone to storm surges has increased. 
The protection of areas against high waters should have a 
long time perspective, while it can also cause heavy costs. 
Careful consideration needs to be given to what resources 
are to be used and are feasible to protect against flood events. 
The prioritizing of risk areas is important and cost–benefit 
analysis for different solutions is recommended. This helps 
to direct the feasible protection measures and actions to the 
right places.

During recent years, many expensive storm water flood-
ing events have occurred around Scandinavia. In the city 
of Pori (2007), the cost of damages was estimated to be up 
to €20 million, of which only €8 million was covered by 
insurance and the city had to pay for the rest. In the same 
year, southern Sweden (Malmö) and Denmark (Roskilde) 
experienced heavy rains, leaving over a thousand basements 
filled with water, blocking roads, and turning a festival area 
life-threatening when soft muddy roads became impossible 
for rescue vehicles to enter. In August 2010 and in July and 
August 2011, the city of Copenhagen experienced high-
intensity rains that caused extreme flooding in the city area. 
The cost for the damages in July 2011, for example, was over 
€800 million. These events, for their part, had a strong influ-
ence on the preparation of the Cloudburst management plan 
for the city of Copenhagen. This summer (2014), the cities of 
Malmö and Copenhagen experienced storm water floods that 
blocked roads, stopped traffic and covered cars. 

Open communication is one of the major concerns in 
adaptation work. Increased awareness among municipal 
planners, decision makers and citizens plays an important 
role in climate change adaptation within all studied cities. At 
the local level, this includes spreading information on actions 
to be made by the municipalities or citizens themselves. Well-
developed collaboration with other municipalities is also 
encouraged. Lessons learnt from the realized actions are one 
of the most valuable tools when considering the implementa-
tion of different adaption options. 

The most widely used and applicable climate change 
adaptation measures in response to storm surges in 
the Baltic Sea area are:
•	 Regulations for building elevations in shore areas;
•	 Raising land in relation to sea level rise scenarios 

before building activities;
•	 Accepting the fact of flooding of the ground level 

of buildings and adjusting functions based on this 
fact;

•	 Protecting buildings outside with different types 
and scales of technical solutions (floodgates, dykes, 
removable walls, sandbags);

•	 Choosing and preferring flood-proof building 
materials (waterproof basements/walls).
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Stockholm, Sweden
The city of Stockholm has started climate change 
adaptation by mapping the environmental work of lo-
cal businesses, trade associations and city administra-
tions. The Swedish Meteorological and Hydrological 
Institute (SMHI) has been commissioned to evalu-
ate extreme weather occurrences in Stockholm to 
form the basis of a vulnerability analysis. The city 
of Stockholm also takes part in national and inter-
national working groups and networks committed 
to facilitating adaptation to a changing climate. The 
adaptation report consists of three separate detailed 
reports: adapting to climate change, the effects of cli-
mate change on ground contamination and the effects 
of climate change on biodiversity. Separate studies 
have also been carried out on Lake Mälaren, which is 
located in the close vicinity of the city of Stockholm. 
If the water level in the lake rises dramatically, large 
areas may become subject to flooding. Analysis of wa-
ter level changes has been carried out and tools have 
been developed to provide input to planning for both 
present and future operations concerning the water 
level in Lake Mälaren (Meier et al. 2006)

Source: Adapting to Climate Change in Stockholm (2007), 
City of Stockholm

Copenhagen, Denmark
The Copenhagen Climate Adaptation Plan outlines the challenges the city of Copenhagen faces in the short and medium 
terms as a result of changes expected in the future climate. The Adaptation Plan also identifies those solutions that, 
based on present-day knowledge, appear to be most appropriate and reveal the opportunities climate change may also 
present to the city.

The Cloudburst management plan is aiming:
•	 To react to extreme rainfall events and prepare the city for floods;
•	 To prevent floods instead of restoration once the damage has occurred;
•	 To upgrade the resilience of the city to extreme rainfall events (sewage systems, paved spaces) => favouring blue-

green infrastructure;
•	 To update flood-proofing guidelines and raise the safety level benchmark of the city to cope with extreme rainfall 

events;
•	 To divide and prioritize the areas for implementating adaptive measures;
•	 To make proposals for revising the legislation and financing, and allocating responsibilities;
•	 To prepare an Emergency Response Plan to mitigate damage before the resilience has been secured;
•	 To make a plan for implementation, including close collaboration with the neighbouring cities.

Source: Copenhagen Climate Adaptation Plan (2011) and Cloudburst management plan (201), City of Copenhagen

Malmö, Sweden
In the city of Malmö, the Climate Adaptation Strategy 
is an indication of what kind of climate can be expect-
ed in the city in the future, what consequences there 
could be for the city due to changes in climatic condi-
tions and what actions should be taken to minimize 
the impacts of climate change. The strategy proposes a 
number of actions for each of the risk areas in the city. 
The importance of collaboration and communication 
is discussed. In the city of Malmö, there are various 
processes on citizen participation, also including 
direct information for property managers, homeown-
ers, and homeowner associations. Existing courtyards 
and gardens are an area that the municipality does not 
control. The strategy document highlights the neces-
sity of property owners to understand the benefits of 
a green courtyard instead of covering it with concrete 
or asphalt.

The city has also been involved in interna-
tional projects on climate change adaptation. The 
GreenClimeAdapt project demonstrated how cit-
ies can address and adapt to the impacts of climate 
change, especially to increased precipitation and high 
temperatures and heat waves. The impacts of sealed 
surfaces on the urban environment have been one of 
the main focuses of the studies. The project demon-
strated innovative green adaptation tools for urban 
areas using open storm water management, the use of 
green facades and green roofs. 

Source: Climate Adaptation Strategy (2012), City of Malmö
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7 First analysis of the implementa-
tion of climate change adaptation 
measures in the Helsinki Metropolitan 
Area

To ensure the implementation of a strategy, it is vital to 
actively involve all relevant actors in the preparation 
process from the start. Often key to the implementa-

tion of a strategy is the process by which it is developed. 
In the Helsinki Metropolitan Area, a steering group 

consisting of the key actors from the central sectors was 
established and a series of workshops were organized for the 
stakeholders. The steering group took an active role in the 
preparation of the strategy and in involving their own sectors 
in the process. 

Adaptation is a multi-sectoral issue. In the preparation 
of the Helsinki metropolitan strategy, one key challenge was 
therefore to engage all relevant sectors in the work and to 

7.1 Background

T he Helsinki Metropolitan Area Climate Change 
Adaptation Strategy was jointly prepared by the 
region’s four cities, municipal authorities and other 

regional organisations. It focuses on the urban and built 
environment. The Helsinki Region Environmental Services 
Authority (HSY) coordinated the three-year strategy prepa-
ration process (2009–2012), in which many experts and 
planners from the cities and other parties participated in dif-
ferent stages. The regional strategy is a compilation of policy 
guidelines, and shorter-term policies (2012–2020). 

In the strategy document, adaptation measures and poli-
cies are divided into two groups: 1) regional and joint strate-
gic approaches in adaptation and 2) short-term (2012–2020) 
adaptation policies. The policies are defined for 1) land use, 
2) transport and technical networks, 3) building and climate-
proof neighbourhoods, 4) water and waste management, 5) 
rescue services and safety, 6) social and health services, and 
7) cooperation in producing and disseminating information. 

Through these policies, the Helsinki Metropolitan Area 
can adapt to the impacts of climate variability and change and 
extreme weather events, and reduce the region’s vulnerability 
to them. HSY is monitoring the progress of adaptation in the 
region. HSY is also conveying the increasing climate-related 
information to actors and decision-makers, so that the region 
can better prepare for climate change.

7.2 Implementation of the strategy and examples of good 
practices

overcome problems of inter-sectoral co-ordination. Defining 
the sectors and committing them to climate change adapta-
tion goals is therefore a first and vital step in implementation. 

It is, however, often difficult to activate sectors who do 
not rate adaptation high among their priorities, or who are 
not required by law to take it into account. For example, in 
the Helsinki Metropolitan Area, the municipal social services 
and health sector had little previous exposure to climate and 
weather issues, and had several more urgent issues to deal 
with. Therefore, their participation was low compared to 
the sectors most active in terms of attendance, namely city 
planning, construction, infrastructure, rescue services and 
preparedness planning and environmental administration. 
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Climate and weather impacts on these sectors are quite 
obvious, and they also have to react in response to weather 
and other natural hazards on a regular basis. Also, regulation 
exists concerning climate change adaptation and response to 
natural hazards that these sectors have to comply with.

Usually, there is not just one way to secure the implemen-
tation of a strategy. In the case of adaptation, it is often advis-
able to plan for preparedness for current climate variability 
and extreme weather events. Immediate or near-term benefits 
motivate decision makers to take action. Mainstreaming ad-
aptation to normal procedures and programmes is necessary. 
Adaptation should not be kept as a separate function, but an 
integral part of normal everyday operations and planning. 

Some examples of the implementation of  
adaptation 
In the Helsinki Metropolitan Area, implementation of some 
of the policies of the adaptation strategy started directly 
after the publication of the strategy. Policies concerning, for 
example, land use planning and preparedness planning were 
incorporated into the environmental policy programmes of the 
cities of Espoo and Vantaa. In the city of Helsinki, the policies 
are implemented, for example, as part of the preparedness 
planning of the city. 

In urban planning, adaptation to climate change is one of 
the issues already considered in the Environmental Impact 
Assessment (EIA) phase of the plans. One example is the 
planning of the centre of Tikkurila in the city of Vantaa. 

In the recent urban plans of the Helsinki Metropolitan 
Area, issues such as sea level rise and increased precipita-
tion are taken into account in designing the areas. The lowest 
building height is 3 metres at the coastal areas. Also, space 
is reserved in the community structure for water, also in the 
form of snow. 

In Finland, a national level guide on preparedness for 
floods and recommendations on the lowest building eleva-
tions in shore areas was updated and published in June 2014.  
The guide brings together information on flood occurrence, 
resulting damage and general flood risk management, with a 
focus on matters that need to be considered when determin-
ing the lowest recommended building elevations for the shore 
areas of inland waters and coastal areas. The guide also takes 
into account landslide risks and building in flood hazard 
areas. The recommendations for the coastal areas of the Baltic 
Sea also take into account post-glacial rebound and sea level 
change as a result of climate change. In coastal areas, the 
building site-specific additional elevation should be defined 
based on the building type and the possible effects of wave 
conditions.  

As part of the implementation of the EU Directive 
(2007/60/EC) on the assessment and management of flood 
risks, flood risk maps have been produced for the Helsinki-
Espoo coastal area and a flood risk management plan is un-
der preparation. In the plan, significant risk areas are defined 
and flood protections measures are presented. 

Storm water management with natural management 
measures is nowadays part of all urban plans in the Helsinki 
Metropolitan Area. The recently updated Water Services Act 
(119/2001) also requires natural management methods as 
primary means in managing storm and rainwater in urban 

areas. In the Helsinki region, the Kuninkaantammi district 
is an example of the new ways of planning and managing 
rainwater. 

Water management is preparing for the changing climate 
and weather conditions by, for example, studying and chang-
ing the design of rainwater sewage pipes. Natural storm water 
management is essential to manage the increasing rainwater 
amounts and the cooperation and integration of land use 
planning and water management systems and methods is im-
portant. A warming climate could also affect drinking water 
quality by changing the conditions of the water sources. 

In the contingency planning of the cities, the risks of 
extreme weather events and impacts of climate change have 
been taken into account. In the emergency exercises, prac-
tices in case of natural hazards and weather events are also 
rehearsed.  

Individual preparedness of citizens is very important. The 
cities of Helsinki (2013) and Vantaa (2014) have both pub-
lished guides for property owners and households situated in 
flood risk areas. The guides give advice on how to prepare in 
advance for floods and how to manage during the event. The 
guide booklets have been delivered to all the households in 
flood prone areas and the booklets are also available via the 
Internet.  

Monitoring the implementation and progress of the strat-
egy is important. It is possible to gather valuable information 
on the effectiveness of the policies and actions, and also to 
assess their impact from the perspective of climate change 
mitigation and adaptation actions taking place elsewhere. In 
addition to this, it is also important to monitor changes in 
the operating environment and the latest climate research 
information, so that it will be possible to prepare for the 
impacts of climate change in advance and to modify the 
existing policies if needed. In the Helsinki Metropolitan 
Area, monitoring of the policies and actions of the adaptation 
strategy has started. Information on the status of the actions 
is collected annually. With the monitoring information, it is 
possible to identify gaps in preparedness and needs of further 
action to ensure that the Helsinki Metropolitan Area will also 
be resilient to the changing climate in the future. 
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8 Practical recommendations for  
climate change adaptation in  
southern Finland 

The practical recommendations presented here are 
based on input from stakeholder workshops, expert 
interviews, literature reviews, map evaluations and 

case study visits carried out during the CliPLivE project. The 
knowledge and experience of project team members partici-
pating in several national and international projects related 
to climate change adaptation has also been utilized. The 
presented recommendations and opinions do not have any 
official status, but rather describe the results and experiences 
acquired during the CliPLivE project. 

The importance of natural hazard and climate change 
adaptation has recently grown on political agendas world-
wide. Especially since the publication of the EU strategy on 
adaptation to climate change (COM 2013), the IPCC report 
on extreme events (2012) and the IPCC 5th assessment 
report (IPCC 2014), it is becoming obvious that cities and 
municipalities should engage more actively in the reduction 
of vulnerabilities and towards a stronger focus of adapting 
to extreme events. Companies should also invest in proac-
tive planning to avoid more extensive damage due to natural 
hazards (Munich Re 2013).

Identification of applicable climate change adaptation 
measures requires interdisciplinary co-operation. This is 
achieved via open communication between stakeholders 
and scientists, via cross-administrative and cross-sectoral 
co-operation and via participatory planning processes with 
strong commitment from citizens, i.e. by securing societal 
acceptance. Usually, adaptation options with a non-regret 
character are more easily accepted, because current extreme 
events are easier to understand than potential future events. 
Experience has shown that it is easier for decision makers 
to invest in adaption to current problems, i.e. extreme event 
patterns, rather than to invest in climate change effects that 
might take place in 50 years or more. By doing this, benefits 

are often seen immediately, even in the absence of climate 
change impacts. In other words, the adaptation measures that 
are recommended have a societal acceptance from the start 
because they immediately improve local living conditions, 
and decision makers may justify the investments as playing a 
double role of also adapting to climate change in the decades 
to come. However, while investing in current problems, it is 
feasible to keep potential future climate change impacts in 
mind. It is also evident that short-term actions also promote 
long-term objectives as they are seen as practical solutions for 
today’s living environment.

Land use planning plays a major role in climate change 
adaptation processes. One of the main objectives of the plan-
ning is to promote safe, healthy, pleasant, socially functional 
living and working environment for its all citizens (Land Use 
and Building Act 132/2007). In general, the key requirements 
of the plan are to ensure the functionality and the economic 
and ecological sustainability of the community structure. In 
today’s world, land use planning should even further take 
into account the future climate conditions and long-term 
planning should be carried out in a sustainable manner. 
Today, the common impression is that climate change adapta-
tion options involving green and blue planning should be 
promoted instead of technical solutions.

Awareness raising of citizens cannot be underestimated. 
It is important that everybody becomes aware of their own 
responsibility in mitigating the unwanted impacts of hazard-
ous events. This can be realized via case-specific adaptation 
options such as ensuring preparedness for frequent sea floods 
with sandbags in the coastal area and regularly maintaining the 
water supply and sewerage systems, ditches and underdrain-
age. While topography, soil properties and hydrogeological 
conditions are difficult to influence, individuals may consider 
alternative options for soil sealing and construction materials.  

8.1 Workshops, training events and meetings to  
support communication

In the course of the CliPLivE project, several meetings and 
training events were held in order to exchange experienc-
es and communicate with other experts, stakeholders and 

decision makers. At the beginning of the project, a seminar 
on “Climate Change Adaptation in the Gulf of Finland” was 
arranged to gain and exchange experience on the state-of-
the-art information on climate change adaptation in Finland 
and in St. Petersburg. It was noted that this type of seminar 
provided the project group with useful information and 

provided a forum for other interest groups to interact with 
the project at very early phase of the studies. 

Workshops are a participatory approach tool that 
supports communication among stakeholders, regional 
environmental authorities, regional councils, cities and 
municipalities, scientists and decision makers. In Finland, 
two workshops under the topic “Risk assessment in climate 
change adaptation” were held based on a group discussion 
method to facilitate brainstorming and further development 
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Figure 29. Group discussion during the workshop. Photos: Paula 
Tarvainen, GTK.

Open communication is essential
•	 Sharing knowledge and freely available datasets  

between experts and stakeholders 
 - via informing and training experts  
 - via activating citizens to become involved in  
 climate change adaptation 

Tools for planners are needed
•	 User-friendly GIS applications (map or dataset)
•	 Cost–benefit analysis and methods for different  

management options 

Implementation of climate change adaptation options in 
different fields of governance
•	 Improve science–stakeholder co-operation
•	 Improve co-operation between stakeholders 

Emergency preparedness is important
•	 Feasible site-specific emergency plans
•	 Training of teams for emergency situations at different 

management levels
•	 Practicing emergency situations

Construction norms and guidelines – development and 
implementation
•	 For buildings and infrastructure
•	 Hazard-specific planning practices
•	 Preparedness plans for different sectors

Consideration of  non-regret solutions
•	 Financially profitable
•	 Protection against current extreme events 
•	 Social acceptance is high
•	 Fostering multi-functional structures 

Utilize natural features (wetlands, flood plains) or  
existing physical structures in climate change adaptation 
management

Prefer green and blue climate change adaptation  
management options

The presented ideas on good practices are based on expert 
opinions during workshops, seminars and meetings of the 
CliPLivE project.

Some ideas on developing climate change adaptation measures

of climate change adaptation practices by activating small 
groups. Three themes were selected for detailed discussion: 

•	 How are the flood risk maps used in each participant’s 
own field of expertise? What is the usability of the existing 
maps and are there any ideas for further development?

•	 What could be the usability of the presented CliPLivE-
method in each participant’s own field of expertise? Are 
there any ideas for further development?

•	 What types of tools, datasets or information are needed for 
future risk assessment related to climate change adapta-
tion? What kinds of vulnerability assessment, risk analysis 
and risk prioritizing methods have already been used in 
your field of expertise?

The introductory presentations for each theme covered 
project results and invited presentations from experts and 
stakeholders. The group was divided into smaller groups that 
discussed the given topic with the help of flaps and pens. 
Summaries of the breakout groups were discussed by the 
whole group. The workshops successfully endorsed construc-
tive discussion, and the workshop participants were able to 
identify current problems and information needs as well as 
several ideas for the further development of climate change 
adaptation and risk assessment in Finland. This valuable in-
formation has been used in providing the recommendations 
for regional adaptation to climate change.

The dissemination and open communication of the 
project results is essential to provide interest groups with 
relevant information. In the CliPLivE project, the preliminary 

results were presented to stakeholders during meetings and 
in public seminars. The final dissemination seminar was held 
before the ultimate deadline of the project in order to include 
the feedback and response in the final report. It was proven 
that personnel contacts and face-to-face meetings are the 
most effective way to share information and experiences. The 
project team also took part in excursions to observe climate 
change adaptation measures in practice in their real environ-
ment. This was found to be a feasible tool for stakeholders 
and experts to understand the impacts of climate induced 
hazards and their possible management measures.  
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Hazard and risk mapping must be conducted in a 
transparent manner to ensure that methods and pri-
ority settings can be understood by end users. Open 

systems enable corrections and further development, which 
are important in the process of understanding risk patterns 
and the identification of counter measures.

Map analysis
Hazard and risk areas are not analogous. Although a hazard 
may exist in an area, it does not automatically mean that the 
same area is at risk. An area can be identified as having a high 
storm water flood potential, but if the area does not have a 
designated land use, it does not have any vulnerability in risk 
analysis. Keeping this in mind, future land use planning can 
be carried out in a way that avoids creating risks for this area. 

As a direct outcome from the risk prioritization, the same 
hazards may end up with different risk potentials depending 
on the land use type. An example from the city of Helsinki 
shows that in a storm surge prone area with one inunda-
tion depth class, there are several different storm surge risk 
classes. This is due to the risk prioritization for different 
land use types in relation to the storm surge depth, because 
different land uses have different vulnerabilities. Some areas 
are not as vulnerable to storm surges (e.g. nature protection 
areas) as urban development areas.

8.2 Interpretation of the study area maps with informative 
examples

The method used for identifying the areas prone to storm 
water floods is not able to analyse infrastructure multi-layers. 
Bridges prove to be challenging, since the digital elevation 
model only identifies the topmost part of a bridge. In many 
cases, walkways under bridges may collect runoff waters from 
the surroundings. 

Similar limitations apply to the damage resulting from 
flash floods. As this method only identifies the ground 
surface, possible damage to basements of buildings cannot be 
localized.  The method uses soil sealing, soil type and ground 
surface slope in identifying areas prone to flash floods. Many 
other factors affect the occurrence of storm water flooding, 
and the flood hazard maps presented here are thus very gen-
eral in nature. The method could be improved by adding data 
on sewerage systems, vegetation amount and type and the 
type of soil sealing into the classification as well as with infor-
mation on existing flood management structures. Also, more 
detailed background datasets would improve the analysis.

Helsinki

Espoo

Vantaa

Kauniainen

Helsinki

Espoo

Vantaa

Kauniainen

Figure 30. Storm water flooding map for the Helsinki Metropolitan Area on the left, and storm water flooding risk potential map on the 
right. Blue colour in the storm water flooding map indicates a low soil infiltration capacity. The orange and red colours in the corre-
sponding risk map indicate a high or very high risk potential. Base maps © National Land Survey of Finland; Storm water flooding map 
based on data from GTK, EEA and NLS; Risk map based on the generalised land use plan of Uusimaa © Uusimaa Regional Council. 
Source: CliPLivE project.
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Figure 31. The circled area on the left shows a storm surge prone area with an estimated inundation depth of 1–2 m. On the right, sev-
eral different risk classes are identified within a small area. The changes in risk potential are due to different land use types with different 
vulnerability patterns. Base map © National Land Survey of Finland; Estimated inundation depth based on Parjanne & Huokuna 2014. 
Risk map based on the generalised land use plan of Uusimaa © Uusimaa Regional Council. Source: CliPLivE project.

Figure 32.  Inside the circled area, a highway runs on a bridge 
over a smaller road. The road section under the bridge is known 
to be flood prone during heavy rain events, but it cannot be iden-
tified with the method used. Source: CliPLivE project.

Field visits
Map analysis reveals areas that are in need of potential risk 
management measures. From flood hazard maps, flood-prone 
areas can be identified. When comparing this with the real 
situation, it helps to understand what the hazard means for 
the area in practice. 

The risk and hazard maps in this project were created for 
the purposes of regional planning. More detailed analysis of 
risk areas is needed, as many of the adaptation solutions are 
planned on the local scale. The datasets used are too coarse 
to correctly identify the on-site risks. While estimating the 
potential of an area for storm water flooding, soil sealing data 
may provide misleading estimations. Field visits revealed that 
small green areas often exist between sealed or paved areas, 
which minimize the flash flood risk potential of the site. 
However, these areas are often so small that the background 
datasets are not able to identify them. Sensitive urban areas 
therefore need very detailed background datasets to enable 
more detailed and accurate risk analysis of these sites.
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Figure 33. The city centre of Lohja has 100% soil sealing, like many other municipalities in Finland. The risk map indicates a very high storm 
water flood risk potential for the area due to soil sealing. The risk map does not take into account the sewage system or possible flood risk 
management structures. Base map © National Land Survey of Finland. Photos: Paula Tarvainen ja Kristiina Nuottimäki, GTK. 
Source: CliPLivE project.

Methodologies and tools developed in the CliPLivE 
project are applicable for different planning scales. 
Data accuracy and availability determines the ap-

plicable scale of analysis. The usability of the maps developed 
during the project has been tested in co-operation with 
regional councils and cities. In the city of Vantaa, the map 
of the infiltration capacity of soil, which indicates potential 
for storm water flooding, was combined with information 
on building rights. This map analysis provided preliminary 
information on the quarters that had building rights left but 
may be prone to flash floods. This simple map analysis could 
be utilized for planning centralized storm water management 
when new buildings are being constructed in the area.

In the city of Vantaa, the map of the infiltration capacity 
of soil was also combined with data on existing storm water 
management structures. This analysis served as a quality 
control for the developed map, as well as for preliminary 
assessment of the areas that may need storm water manage-
ment. The review also provided information on the limita-
tions of the used methodology. It was shown that underpasses 
were not identified and hillsides were not considered as flood 
prone areas. However, most of the existing structures were 
located in areas that were considered to be prone to storm 
water flooding. Thus, the simplified mapping method was 
able to provide useful information for the city planners. 

8.3 Further applications of the CliPLivE project results 

Figure 34. The map indicates areas with building rights left and 
sites prone to storm water flooding. The blue quarters are esti-
mated to be the most prone to storm water flooding. Centralized 
storm water management could be recommended for areas in-
side the circle. Source: CliPLivE project.
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Figure 35. The storm water flooding incidents (red points) in the city of Vantaa are shown together with the map of the infiltration  
capacity of soil. The blue areas are prone to storm water floods. Source: CliPLivE project.

Finding the reasons behind hazards enables appropriate miti-
gation actions to assigned for storm water flood prone areas. 
Further analysis on whether soil sealing or the soil type is, for 
example, the more dominant factor in a particular storm water 
flood prone area provides answers regarding the mitigation 
potential of this hazard. The soil type and ground surface slope 
are factors we cannot affect, but instead, suitable land use types 
or storm water management options can be identified for the 
area. Furthermore, vegetation can retain part of the rain water 
and can be planted accordingly. Soil sealing, then again, is a 
factor we can easily affect by removing it if possible or replac-
ing the sealing with a suitable semi-permeable material.   

Former sea bays that were uplifted and are now over-
grown are often prone to storm surge floods. They are low-
lying and the soil consists of organic-rich sediments such as 
gyttja. These areas are easily identified by storm surge hazard 
and Quaternary geological maps, and have to be considered 
as demanding areas with a high potential for floods and poor 
geotechnical properties for construction.   

Since low-lying coastal zones often have multi-challeng-
ing concerns, the city of Helsinki has planned to implement 
an evaluation of coastal areas that are not built up but have 
favourable construction conditions (Kivilaakso 2014). This 
analysis would be based on information on the storm surge 
hazard potential, geotechnical properties of soils, taking into 
account both natural and man-made soils, and informa-
tion on topography. These sites would be combined with 
recommended minimum building heights and wave action 
estimations for an area. By doing this, the city could obtain 

a preliminary overview of non-built-up areas applicable for 
construction. The analysis should be further complemented 
with estimations of potential soil contamination, because 
coastal areas of the city of Helsinki are often brownfields. 
Coastal erosion should also be taken into account especially 
if wave action is considered to be strong. In addition, the con-
struction of pipelines for water and sewage systems in coastal 
areas may be challenging due to the thin soil layers. In order 
to build a climate-proof living area, it is also worthwhile to 
consider renewable energy options for the coastal areas (wind 
power, wave energy, geoenergy potential).

The thematic geological maps can also be utilized to 
identify areas with multiple challenges. In the Kymenlaakso 
region, the Salpausselkä formations, which are mainly com-
posed of sand and gravel, provide good construction condi-
tions and high quality aggregates. They are not considered as 
flood prone due to the good infiltration capacity. However, 
these areas are also important aquifers that provide water for 
residents and industry. The extensive clay areas in the south-
west, on the other hand, pose challenging conditions and are 
also prone to floods due to their low infiltration capacity. 

Many areas may be prone to different types of hazards. 
The potential simultaneous flooding from the sea, river and 
storm waters and its consequences are rarely studied. The 
integrated risk map may be used as a preliminary tool for 
identifying areas that are potentially prone to many types 
of flooding. In coastal areas, a concurrent storm surge and 
extreme precipitation influencing flash floods may seriously 
impact on the functionality of sewage systems.
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8.4 Awareness raising and existing good practices in  
climate change adaptation in the study area 

For the built environment, feasible climate change ad-
aptation includes the promotion of land use planning 
practices for adaptation options, ensuring preparedness 

for and awareness of extreme events, promotion of construc-
tion techniques that are climate proof and improvements in 
infrastructure to cope with climate change and extreme events.

Examples of a non-regret measure were implemented in 
the BaltCICA project (2012) by protecting areas from cur-
rent floods, and also ensuring that the protection measures 
were sufficient to provide protection from future, potentially 
higher floods (e.g. Petersell et al. 2013). In addition, some 
flood retention areas were designed in a multi-functional 
way, e.g. as a recreational park, which also raises the overall 
value of the entire neighbourhood (e.g. Rimkus et al. 2013). 
These win-win situations were achieved through interdisci-
plinary communication between local stakeholders, scientists 
and decision makers. 

Several good and applicable practices for flood risk man-
agement solutions were encountered by the CliPLivE project 
team during site visits in the study areas. It was noticed that 
good and functional options are often of a non-regret type 
and smoothly fit in their environment. Good and feasible 
flood risk management was also found in various prepared-
ness plans and risk assessment procedures of different sec-
tors. Possibilities for mitigation of risks before the hazardous 
events were often well identified and relevant actions had 
been carried out. 

Securing water services
The water services sector has been found to be well pre-
pared and adapted to climate change in Finland (Ministry of 
Forestry and Agriculture 2013), for instance via preparedness 

plans for extreme events and long-term climate change im-
pacts, and warning systems and security plans. 

Climate change impacts on water services can either be 
positive or negative, and direct or indirect. Substantial effects 
are caused by extreme weather events such as prolonged 
droughts, storms, heavy rainfall and floods (Vienonen et al. 
2012). The most considerable indirect effect on the water ser-
vices sector results from power cuts caused by storms, which 
affect both water treatment and distribution. 

Flooding events may have negative impacts on water 
quality and drinking water sources. During river floods, 
infiltration of river water into water intakes may release 
nutrients and other harmful substances into the water. Storm 
water runoff may also release harmful substances into the 
water bodies. Storm surges may cause salinization due to 
infiltration of seawater into aquifers. They can also cause 
river flooding in coastal areas when seawater penetrates into 
river channels. In many cities, the capacities of storm water 
drainage systems are not sufficient for extreme rain events. 
This may cause the overflow of storm waters during heavy 
rains. In some cities, mixed water sewers (as in some parts of 
Helsinki) have to be discharged as an overflow to the sea. In 
coastal areas, storm surges may flow into drainage systems 
when the sea level rises to a higher level. 

For water services, droughts can seriously affect the water 
supply, having impacts on both water quantity and quality. 
Especially in areas with small aquifers, there has been a lack 
of water due to prolonged droughts, for instance in Finland 
in 2006. 

The adaptation measures of water services include prepar-
edness plans. For example to ensure the good quality of tap 
water, multiple sources for water intakes should be available. 

Figure 36. Comprehensive storm water management in Eko-Viikki, Vantaa. The storm waters of the residential area are collected in 
storm water retention ponds and ditches. Photo: Philipp Schmidt-Thomé, GTK.
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Porvoo Water, an early bird in climate change adaptation within waterworks sector

Porvoo Water provides water services for about 43 000 citizens and 700 business enterprises in the city of Porvoo. The 
average water consumption in 2013 was 210 L/d per person. 

The study “Evaluation of risks connected to climate change and evaluation of adapting actions” was published in 
2008 (Gaia Consulting, 2008) and investigated climate change-related risks and adaptation options in the view of city 
water supply management. The study indicated over 20 climate change-related risks for water works, adaptation op-
tions and related cost estimates. Storm surges and extreme precipitation were identified as the most significant climate 
change-induced incidences that pose a risk to water services.

Porvoo Water has two main water intakes, Sannainen and Saksala-Kerkko, which are both using groundwater. These 
water intakes have emergency preparedness plans that also take into account exceptional weather events and long-term 
climate change impacts. They both have emergency power supply systems in case of breakdowns in the electricity sup-
ply and they are prepared for extra chlorination in case of sudden problems with water quality during flood events (nor-
mal disinfection is carried out using a UV radiation technique). The yield of Sannainen aquifer is improved via artificial 
groundwater infiltration and it has secured the water quantity during drought events. Reserve water intakes secure the 
water supply. For long-term preparedness, Porvoo Water has also made preliminary plans for utilizing the water from 
the Päijänne tunnel.

Wastewater treatment faces challenges during flood events as sea water may intrude and exacerbate the sewers. In 
order to mitigate the storm water handling capacities of wastewater treatment plants, planners and the water services 
sector have tightened their co-operation in storm water management to identify and implement feasible solutions.

Photos: Paula Tarvainen, GTK

Source: Presentation of Risto Saarinen and field visit guided by Rabbe Helman, 12.8.2014

Flood risk management
Based on legislation, land use planning should take flood 
events into account even more carefully. While discussing 
flood risk management, existing structures are often the 
most challenging. In new planning areas, it is possible to take 
climate change impacts and flood risk management into ac-
count in the early phase of planning. It is recommended that 
flood prone areas should be reserved for functions that are 
not seriously affected by flooding events and are affordable 
to restore (e.g. parks, golf courses, and recreational areas). 
Areas that are naturally flooded and naturally collect and 
retain water, i.e. wetlands, open ditches and flood plains, are 
sensible to use as flood management areas. In flood-prone 
areas, so-called multi-space thinking is also feasible, i.e. using 
proactive measures for recreation purposes and flood barri-
ers as walking routes. Another example is the avoidance of 
soil sealing by promoting permeable construction materials, 
green roofs and other climate-proof options in buildings. In 

old planning areas with existing functions, it is possible to 
find solutions from existing structures to mitigate climate 
change impacts. Some practical examples exist, such as using 
streets as storm water flooding routes. During reconstruction 
and restoration efforts permeable surfaces were increased via 
new construction and pavement techniques.

It is important to identify storm water flood prone areas 
and choose adequate management options. In an urban 
environment, it is possible to increase natural infiltration 
in the area by choosing permeable or semi-permeable soil 
sealing materials. This is feasible if the soil has good hydraulic 
conductivity. In soil with a low hydraulic conductivity, the di-
rection of storm waters to specific retention ponds enhances 
their natural management. 

For storm surge flood management, non-regret solutions 
are the most practicable, e.g. flood embankments that are 
usually used as walking routes and retention areas that func-
tion as parks and other green areas. At their best, they can 
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provide an attractive living environment with recreational 
value for the citizens, and the expenses are consequently 
more easily accepted by residents. There are, however, some 
points that need to be noted, such as regular maintenance 
of pumping stations and a change in scenic values on the 
coastline. 

River flooding is usually caused by snow melt during the 
spring and by storm surges on coastal rivers. Heavy rains 
do not usually cause any serious river flooding, but their 
significance is increasing due to the increase in storm water 
patterns. The most vulnerable are river catchment basins with 
few lakes and ponds or rivers with small channels. Severe 
flooding has occurred due to ice jams and frazil ice dams. 
Flooding may pose a risk not only to buildings and agricul-
ture, but also to the environment. Nutrient emissions from 
agricultural lands and hazardous substances from urban and 
industrial areas can be significant.

Selected flood risk management options can be a lively 
part of society and they can create an attractive living envi-
ronment. At their best, they benefit air quality, the micro-cli-
mate and biodiversity and provide recreational and educa-
tional values. Natural flood-prone areas can be reserved as 
green and blue zones in land use plans. Scenic and aesthetic 
values in selecting the appropriate adaption option cannot 
be underestimated. Common acceptance is vital for func-
tional solutions. While selecting the techniques and methods, 
seasonal variations and maintenance possibilities should 
also be taken into account. The selected adaptation option 
should work and also look attractive in autumn and winter 
when vegetation is less. Maintenance during the winter may 
entail snow clearance, and freezing and thawing may cause 
problems to structures. 

Figure 37. Natural storm water management can provide citizens with educational and recreational values. Photos: Paula Tarvainen and 
Philipp Schmidt-Thomé, GTK.

Figure 38. Regular maintenance of existing flood risk management structures is essential. Littering, blocking of infiltration material and 
unwanted vegetation may weaken the functionality selected options. Photos: Jaana Jarva and Paula Tarvainen, GTK.
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According to the Land Use and Building Act (132/1999) and 
Water Services Act (119/2001), municipalities are responsible 
for their storm water management. Numerous investiga-
tions and studies have been published on different storm 
water flood management options. The focus of storm water 
management should be on the selection of appropriate op-
tions for an area of interest. Nowadays, natural solutions are 
preferred and storm water discharge to drainage systems are 
to be avoided. The limited capacity of storm water drainage 
systems has been acknowledged and surficial structures are 
favoured. Natural water routes are being utilized and differ-
ent retention possibilities are being implemented (wetlands, 
green roofs, ponds). Prevention, treatment and utilization 
of storm waters are carried out on site and infiltration as a 
purification method is being used (soil properties, biological 
solutions), and water collectors are being installed in order to 
use water for irrigation. Storm waters are often treated with 
small-scale, case-specific solutions. At small scales, runoff 
patterns are easier to manage and possible pollution sources 
are easier to recognize. Maintenance is also usually sim-
pler and more economical, but storm water management is 
recommended to be tightly linked to water catchment basin 

investigations. Comprehensive studies on geological and 
hydrological properties should include investigations on the 
infiltration and retention capacity of soil, natural attenuation 
of pollutants (soil, vegetation), runoff patterns of waters, soil 
sealing, and contaminants and nutrient discharge. Mapping 
of the possible negative impacts on groundwater quality 
and quantity are essential when operating within or near an 
important aquifer. Practical solutions for the natural manage-
ment of storm waters are presented by the ILKKA-project 
(www.ilmastotyokalut.fi).

All in all, flood management should be based on investi-
gations at the catchment basin level, but practical solutions 
can also be site-specific. Flood hazard avoidance is usually 
more cost efficient than the restoration of damage. Thus, it is 
essential to assess possible future hazardous events and make 
planning decisions prior to these assessments. Different land 
use functions should be assigned to areas in or close to flood-
prone areas. Zoning in and around flood-prone areas, i.e. by 
assigning wetlands and artificial flood areas with restricted 
land use as retention basins for flood waters, substantially 
reduces the flood risk potential for settlements.

Figure 39. Examples of green options to manage storm waters. Photos: Philipp Schmidt-Thomé, GTK.

Figure 40. Small-scale storm water management in Lintuvaara and Espoonlahti, Espoo. The storm waters of the residential area are 
collected in a stormwater retention pond via partition ditches and underdrainage pipes. Photos: Paula Tarvainen and 
Philipp Schmidt-Thomé, GTK.
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Risk assessment and preparedness plan for an area with special functions – a practical example from the Port of 
HaminaKotka

The Port of HaminaKotka is the largest full-service universal port in Finland. It consists of seven separate harbours 
with about 170 companies and over 7000 employees. The Port of HaminaKotka is located in a significant storm surge 
hazard area. The location of the functions on the sea shore has been taken into account in the building activities of the 
port. The elevation of the pier and storage areas has been raised and today the lowest building height is +3.0 metres a.s.l. 
Some flood barriers have been established to protect older buildings. A specific challenge of the port area is artificial 
backfills with rock-fill foundations. The permeable quarry gravel enables the flood waters to penetrate long distances 
inland. Thus, flood-prone areas are challenging to delineate.

The preliminary preparedness plan for flood events for the Port of HaminaKotka carefully takes into account the 
specialties of the harbour area, e.g. many actors, huge volumes, large voltages and dependency on telecommunica-
tions. The risk management plan is based on a specific mapping and prioritization process that takes into account the 
probability and impact of a risk to different functions. Via accurate mapping of buildings and constructions (heights, 
locations, owners), a so-called traffic light method has been applied. The method describes different actions for different 
risk levels for various actions leading to actor-specific preparedness plans.

In a complex port area, the common awareness of and tight co-operation between all actors is essential. Common 
training events to improve preparedness for extreme events are a part of the routine safety guidance, and cooperative 
rescue drills are conducted. 

Source: Presentations of Tia Renlund and Teppo Jokimies, 12.8.2014

Storm surge barriers as a climate change adaptation option in the city of Helsinki

The coast of the city of Helsinki has significant storm surge prone areas that have been are mapped out (City of Helsinki 
2007). The mapping has worked as a basis for risk management actions. The most common techniques that are used 
to protect areas from storm surge flooding are flood barriers and pumping stations. For extreme events, temporary 
barriers can also be built with sand bags and other appropriate materials. In addition, wave breakers can be temporarily 
built. 

The building of flood barriers may face strong opposition from citizens. They may be seen to have a negative impact 
on scenic values via blocking of the view to the sea. The image of a “barrier” or “embankment” could also be doubtful. 
In Marjaniemi, the residential area has suffered from frequent seawater floods. Thus, the city has built a flood embank-
ment, a flood retention pond and pumping stations to protect the most vulnerable areas. The embankment is used as a 
walkway and smoothly blends into its surroundings. The Kaitalahti residential area is located around an old sea bay. A 
flood embankment and pumping station were built to protect the low-lying buildings from storm surges. The embank-
ment has been heightened in order to ensure flood protection.

Figure 41. A flood barrier in Marjaniemi, Helsinki that protects the residential area from storm surges. The embankment is used as a 
walking route. Photo: Philipp Schmidt-Thomé, GTK.
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Figure 42. A flood barrier and pumping station that protect the residential area in Kaitalahti, Helsinki from storm surges. The barrier was 
heightened to correspond to new sea level rise scenarios. Photos: Philipp Schmidt-Thomé, GTK.

The accuracy and quality of data plays a key role in flood risk 
management. Applicable data prevent the over- or underes-
timation of risks. Overestimation of risks may also lead to 
overestimated adaptation options that are not cost effec-
tive and may also be time consuming. By identifying data 
gaps, it is possible to prioritize the most urgent data needs. 
Interviews and discussions during the workshops revealed 
that data applicability for storm water flood management at 
the municipal level was often found insufficient.

Construction practices on coastal areas
Coastal zones often have multi-challenging issues that should 
be taken into account in securing the functions in both old 
and new planning areas. In South Finland, besides floods 
and the challenging geotechnical properties of the soil, 
coastal areas are often used for many industrial activities 
and the chemical quality of the soil may be poor due to soil 
contamination.

Awareness raising of climate change
Communication and awareness raising of climate change and 
its adaptation has been highlighted in the evaluation report 
of Finland’s National Climate Change Adaptation Strategy 
(Ministry of Forest and Agriculture 2013). The recommen-
dations for the next steps of the adaptation strategy call for 
practical knowledge and experience of adaptation as well 
as awareness raising for the decision-making process, and 
information should be easily applicable in decision making. 
This can be achieved via active science–stakeholder com-
munication. The role of citizens has also been pointed out, as 
awareness raising will enable everybody to react to climate-
induced risks. 

In the BaltCICA project, participatory climate change 
adaptation played a major role in the communication process 
in the city of Kalundborg, Denmark (Bedsted & Gram 2013). 
Knowledge of climate change and adaptation was increased 
among the politicians, stakeholders and citizens via a citizen 
summit. In Denmark, this was found to be very feasible way 
to achieve greater legitimacy and effectiveness as well as bet-
ter implementation of decisions.

One effective and good solution for awareness raising is 
targeted communication towards citizens, such as guidebooks 
for property owners located in the flood-prone areas.

Current practices regarding insurance policies
In Finland, the new practice concerning flood damage 
compensation came into force at the beginning of 2014. 
According to the Federation of Finnish Financial Services, in 
2004 the state paid € 8 million in compensation for the dam-
age caused by floods, and in 2005 about €17 million (of which 
a major part was due to storm surges). Today, state funding is 
no longer possible with regard to damage caused to buildings 
and movables. It has been replaced by flood insurance of-
fered by insurance companies. However, agricultural damage 
caused by the flooding of waterways will still be covered by 
state funds, as well as flood damage caused to private roads. 
This new policy will hopefully activate citizens to react to 
possible flood impacts beforehand, i.e. it promotes pro-active 
mitigation and adaptation options towards possible flood 
hazards. Citizens are advised on how to minimize damage 
in the case of flood events and storms and how to act during 
and after hazardous events. Insurance cover for floods is vol-
untary and based on case-specific risk evaluations made by 
insurance companies. If the given instructions and guidelines 
to prevent or minimize the damages due to hazardous events 
are ignored, the insurance company may refuse to pay com-
pensation (Aarre 2014). 
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Land use planning practices in the city of Hamina

City of Hamina has planned a new residential area in the Tervasaari area located south of the city centre. The planning 
area is 35 hectares and its mean elevation is about 1.5 meters a.s.l.; the highest point of the area is 6.2 metres a.s.l. It is 
located in an area prone to storm surges and has some old buildings that should be preserved. There have been wood 
processing activities in the areas,and soil remediation should be carried out before new construction. 

In order to mitigate the risks caused by potential storm surges and storm water flooding, different options were 
studied and cost benefit analysis was conducted for decision making. The current plan includes the following climate 
change adaptation measures most of which are non-regret solutions:
•	 The flood barrier will be used as a walkway. The barrier will be +3.15 m a.s.l. with a possibility of being raised by a 

0.5 m during hazardous events;
•	 The office building also functions as flood barrier;
•	 Rainwater sewers can be switched off during storm surge events;
•	 Storm waters can be directed to green areas and parks during extreme events (heavy rains, storm surge).

Source: Presentation of Vesa Pohjola, 12.8.2014
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Climate change adaptation is essential to minimize 
the impacts of changing weather patterns, extremes 
and sea level rise. The main climate induced hazards 

in southern Finland are flooding (storm surges, rivers, storm 
water) and storms. Other important hazards are droughts and 
extreme temperatures.

Methodologies and tools developed in the CliPLivE pro-
ject are applicable for different planning scales. Data accuracy 
and availability determine the appropriate scales of analysis. 
When estimating climate change-induced risks, case-specific 
studies are recommended. The mapping of hazards at an ad-
equate level of detail and identifying the vulnerabilities in co-
operation with stakeholders enable feasible risk assessment. 
Risk assessment may include evaluation of the risk potential 
from different points of view and supports the prioritization 
of adaptation measures.

Good practices for adaptation exist and are already being 
implemented, promoting a climate-proof living environment 
today and in future. Land use planning, open communication 
and cross-sectoral co-operation play key roles in comprehen-
sive climate change adaptation.

 

9 Conclusions
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