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Climate change is causing increased precipitation and extreme weather events such as heavy 
rains. In urban areas, this can lead to the overload of existing sewage systems and urban 
flooding, as well as an increase in surface runoff and subsurface discharge. In addition, the 
increase in sealed, impermeable surfaces and artificial surfaces such as roofs, streets and 
parking lots enhances surface runoff and affects urban flood patterns.

The cross-border collaboration project “Towards higher adaptive capacity in urban water 
management - RAINMAN” examined more closely the challenges posed by climate change 
and urban development to freshwater reservoirs in Mikkeli, Lahti, the Helsinki Metropolitan 
Area and St. Peterburg. The focus was on the potential impacts of changes in precipitation 
patterns and extreme rain events on the urban environment. Densely built-up urban areas 
are potential sources of pollution due to the overflow of combined sewage systems, washout 
of possibly contaminated sites or runoff of road maintenance chemicals. Because cities and 
municipalities are often in close proximity to freshwater resources, these impacts are an 
actual challenge for urban development, especially when nearby freshwater resources are 
used for the drinking water supply. 

Sustainable and feasible stormwater management differs depending on its location. This 
is why in the RAINMAN project, the solutions were investigated in four different land use 
types: green or natural areas, developing or rural areas, densely built-up areas and historical 
built-up areas. The project assumed that nature-based solutions can be easier to implement 
in developing areas, while in densely built-up or historical areas, novel solutions might 
not be possible to realize or may need to be combined with traditional methods to handle 
stormwaters.

The work of the RAINMAN project in different case areas in Finland and St. Petersburg 
provides a deeper insight into adaptation needs and possibilities in urban water manage-
ment. The results of the case studies can be utilised to provide the recommendations and 
feasible short- and long-term solutions that are needed to manage increasing amounts of 
stormwater in a sustainable way.
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Ilmastonmuutos aiheuttaa sadannan ja sään ääri-ilmiöiden, kuten rankkasateiden, lisään-
tymistä. Kaupunkialueilla tämä voi johtaa viemäriverkostojen ylikuormittumiseen ja hule-
vesitulviin sekä kasvattaa pintavalunnan määrää. Lisäksi kaupunkiympäristössä päällystetyn, 
läpäisemättömän maanpinnan osuuden kasvu sekä muut rakennetut pinnat, kuten katot, 
tiet ja pysäköintialueet, tehostavat pintavalunnan määrän muodostumista ja taajamatulvien 
syntymistä.

Rajat ylittävässä yhteistyöprojektissa “Towards higher adaptive capacity in urban water 
management – RAINMAN” selvitettiin ilmastonmuutoksen ja kaupungistumisen tuomia 
haasteita vesivarojen hallinnalle Mikkelissä, Lahdessa, pääkaupunkiseudulla ja Pietarissa. 
Tutkimuksen painopisteenä olivat sadannan muutosten ja rankkasateiden määrän vaihtelun 
vaikutukset kaupunkiympäristössä. Tiiviisti rakennetut alueet ovat mahdollisia likaantu-
mislähteitä viemäriverkoston ylivuotojen, pilaantuneilta maa-alueilta tapahtuvan haitta-
aineiden huuhtoutumisen sekä tiestön ylläpitoon käytettyjen kemikaalien valunnan vuoksi. 
Koska kaupungit on usein perustettu vesistöjen yhteyteen, nämä vaikutukset ovat kriittinen 
haaste kaupunkirakentamiselle, etenkin silloin, kun läheistä pinta- tai pohjavettä käytetään 
talousvetenä.

Kestävä ja tarkoituksenmukainen hulevesien hallinta vaihtelee alueen maankäytön mukaan. 
Tämän vuoksi RAINMAN-projektissa hulevesien hallintaratkaisuja tutkittiin neljällä eri-
tyyppisellä maankäyttömuodolla: luonto- ja viheralueet, uudisrakennusalueet tai harvaan 
rakennetut alueet, tiiviisti rakennetut alueet sekä historialliset kaupunkikeskukset. Projektin 
lähtöoletuksena oli, että luontopohjaisia hulevesien hallintaratkaisuja on helpompi toteuttaa 
uudisrakennusalueilla, kun taas tiiviisti rakennetuilla alueilla tai historiallisissa kaupunki-
keskuksissa luontopohjaisia ratkaisuja ei välttämättä ole mahdollista toteuttaa tai ne on 
yhdistettävä perinteisempiin hulevesien hallintamenetelmiin.

RAINMAN-projektissa tehty tutkimustyö erilaisilla kohdealueilla Suomessa ja Pietarissa antaa 
syvällisemmän näkemyksen kaupunkiympäristön vesienhallinnan sopeutumistoimenpiteiden 
tarpeista ja mahdollisuuksista. Kohdealueilta saatuja tuloksia hyödyntämällä on voitu antaa 
suosituksia sekä ehdotuksia lyhyen ja pitkän aikavälin ratkaisuille, joita tarvitaan kasvavien 
hulevesimäärien kestävään hallintaan. 

Asiasanat: ilmastonmuutos, sopeutuminen, hulevesi, pohjavesi, juomavesi, Mikkeli, Lahti, 
Pääkaupunkiseutu, Pietari
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1 INTRODUCTION 

The discharge of nutrients and hazardous sub-
stances from urban areas into the Gulf of Finland 
and its water bodies continues to be high. Climate 
change is causing increased precipitation and 
extreme weather events, such as heavy rains. This 
can lead to the overloading of existing sewage sys-
tems and urban flooding, as well as an increase 
in surface runoff and subsurface discharge. The 
increase in sealed, impermeable surfaces and arti-
ficial surfaces such as roofs, streets and parking lots 
also affects surface runoff and urban flood patterns.

Densely built-up urban areas are potential 
sources of nutrients and hazardous substances due 
to the overflow of combined sewage systems, wash-
out of possibly contaminated sites or runoff of road 
maintenance chemicals. Because cities and munici-
palities are often in close proximity to freshwater 
resources, these impacts are an actual challenge for 
urban development, especially when nearby fresh-
water resources are used for the drinking water 
supply. Cities and municipalities are continuing to 
expand and densify in these sensitive areas. Thus, 
feasible short- and long-term solutions are needed 
to manage increasing amounts of stormwater in a 
sustainable way.

These issues are part of the major challenge of 
how to ensure the availability and sustainability of 
freshwater. Solutions that help to reduce stormwa-
ter flooding and protect freshwater resources from 
contamination are in line with the UN Sustainable 
Development Goal 6, “Ensure availability and sus-
tainable management of water and sanitation for 
all,” and especially its objective 6.3, which aims 
at improving water quality and reducing pollution 
(United Nations 2015). In addition, the EU adapta-
tion strategy recognizes that climate change can 
threaten water quality and increase flood risk. The 
strategy highlights the need to tackle stormwa-
ter overflows and urban runoff and the benefits of 
nature-based solutions in stormwater management 
(European Commission 2021). Ultimately, the pre-
vention of stormwater flooding and lowering of 
contamination in freshwater will reduce the pol-

lution of the Baltic Sea from land-based sources 
and hence contribute to the goals of the Helsinki 
Convention and the work of HELCOM (HELCOM 
1992).

The RAINMAN project (Towards higher adaptive 
capacity in urban water management) was con-
ducted under the thematic objective “Environmental 
protection, climate change mitigation and disas-
ters prevention/management” of the South-East 
Finland – Russia CBC Programme 2014–2020. 
According to the Programme strategy, the indicative 
actions of promoting environmental protection, cli-
mate change mitigation and adaptation in the pro-
gramme area can improve the living environment. 
The South-East Finland – Russia CBC Programme 
2014–2020 was implemented in the border regions 
between Finland and Russia under the European 
Neighbourhood Instrument (ENI). The Programme 
was funded by the European Union, the Russian 
Federation and the Republic of Finland.  

This report, “General recommendations on 
adapting water management practices to climate 
change impacts in eastern and southern Finland 
and St. Petersburg,” summarizes the main findings 
of the RAINMAN project, with a focus on storm-
water management practices. The report provides 
an overview of the main climate challenges for 
urban water management in Mikkeli, Lahti and 
the Helsinki Metropolitan Area in Finland, and St. 
Petersburg in Russia (Fig. 1). It presents potential 
solutions to address these challenges in each of the 
areas and offers an outlook on how the results can 
be utilised in other areas facing a similar develop-
ment of climate and urbanisation.

The report was written by Jaana Jarva, Johannes 
Klein and Anu Eskelinen (Geological Survey of 
Finland, GTK) (sections 1, 2, 3, 4 and 7), Juha 
Rautio and Hanna Pasonen (City of Mikkeli) (sec-
tion 3), Raisa Rihkavuori and Ismo Malin (City of 
Lahti) (section 4), Maaria Parry, Niina Kautto and 
Outi Kesäniemi (Helsinki Region Environmental 
Services, HSY) (sections 2 and 5), Dinara 
Fasolko and Elena Akentyeva (The Federal State 
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Budgetary Institution “Voeikov Main Geophysical 
Observatory”, MGO) (sections 2 and 6), Maria 
Mamaeva and Olga Zadonskaya (The Federal 
State Budgetary Institution “State Hydrological 
Institute”, SHI) (sections 2 and 6), Irina Kostenko 

and Vladimir Gvozdev (State Unitary Enterprise SUE 
“Vodokanal of St. Petersburg”) (sections 2 and 6) 
and Viktor Ignatchik (Limited Liability Company 
“Association of Water Engineers and Scientists”, 
AVIV LLC) (sections 2 and 6).

Fig. 1. The location of case study sites of the RAINMAN project. Basemap © National Land Survey of Finland. 
Map layout: Tom Rauhaniemi, GTK.
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2 THE RAINMAN PROJECT

The goal of the RAINMAN project was to provide 
new tools and methods to avoid sewage system 
overloads, prevent urban flooding and preserve 
freshwater resources. The project has integrated the 
developed solutions into city development guide-
lines and plans to maintain freshwater resources 
in a good state, despite the changing climate and 
intensified land use. 

The RAINMAN project has enhanced the capac-
ity of cities and municipalities to cope with climate 
change impacts such as increasing stormwater 
volumes, especially within urbanized areas with a 
high share of impermeable artificial surfaces (soil 
sealing), increasing extreme rain events within 
urbanized areas with combined sewage systems, 

and changing recharge patterns of groundwater 
reservoirs (aquifers) located in close proximity 
to built-up areas. All these challenges are already 
being faced today around the Gulf of Finland, and 
their negative impacts will increase in the future if 
no actions are taken towards a more resilient soci-
ety. City development and planning should con-
sider the changing climatic conditions and related 
impacts and should be prepared for these. Cross-
border cooperation can serve as a platform to share 
experiences and best practices, as well as to find 
new, innovative solutions to tackle changing cli-
matic conditions in urban water management in 
the Baltic Sea Region.

2.1 Case Studies

In the cities of Mikkeli and Lahti, the focus of the 
RAINMAN project studies was on groundwater 
protection. To date, groundwater protection plans 
have not taken climate change impacts into account. 
However, it is essential for cities and municipalities 
to cope with these changes while managing their 
drinking water supplies. The RAINMAN project has 
included climate change scenarios in groundwater 
flow models to simulate the potential changes in 
groundwater flow and the water table. This knowl-
edge has been utilized in groundwater protection 
plans while providing risk management measures 
for overall groundwater protection.

In St. Petersburg and the Helsinki Metropolitan 
Area, the aim was to reduce the risk of sewage 
system overflows and consequently the outflow 
of untreated wastewater (often a mix of wastewa-
ter and rainwater) into the Baltic Sea. As such, the 
appropriate dimensioning of the sewage system, the 
development of sustainable urban drainage solu-
tions and the correct assignment of responsibilities 
to the city, the waterworks and to the citizens them-
selves is important. The RAINMAN project provided 
the necessary knowledge to achieve this, includ-
ing information about the potential future climate 
change and feasible methods to cope with increasing 
stormwater runoff in different land use types.

2.1.1 Case studies Mikkeli and Lahti

In Mikkeli and Lahti, the key challenges are the 
infiltration of nutrients and hazardous substances 

into streams, lakes and groundwater reservoirs 
(aquifers). Thus, there is a demand in both cities 
to identify the run-off routes of rainwater, ground-
water flow and potential sources of contamination. 
This knowledge would provide valuable input for 
the updating of groundwater protection plans. It 
would also help to protect the drinking water of 
Mikkeli and Lahti now and in the future. Both cities 
are located directly on top of aquifers that supply 
drinking water for the residents. The Environmental 
Protection Act (527/2014) prohibits groundwater 
pollution. Groundwater areas that are important or 
suitable for water supply are determined and clas-
sified as regulated in the Act on the Organisation of 
River Basin Management and the Marine Strategy 
(1299/2004). A municipality may prepare a protec-
tion plan for a groundwater area that is located in 
the territory of the municipality. 

Legislation, the issuing of permits and land use 
plans, as well as groundwater protection plans, 
guide the activities that are allowed to take place 
on or near groundwater reservoirs. So far, these 
documents have not considered climate change 
impacts on run-off and groundwater recharge. In 
the RAINMAN project, existing groundwater flow 
models of the two main aquifers in the cities of 
Mikkeli and Lahti have been updated with the lat-
est information to obtain a uniform understand-
ing of the groundwater levels, groundwater flow 
and discharge. This has included studies on surface 
water infiltration from the surrounding streams, 
ponds and lakes to the aquifers. In addition,  

7



Geological Survey of Finland, Open File Research Report 6/2022
Jaana Jarva (ed.), Johannes Klein (ed.), Elena Akentyeva, Anu Eskelinen, Dinara Fasolko, Vladimir Gvozdev, Victor Ignatchik, Niina Kautto,  
Outi Kesäniemi, Irina Kostenko, Maria Mamaeva, Maaria Parry, Hanna Pasonen, Juha Rautio and Olga Zadonskaya

simulations of climate change impacts on the 
groundwater level and flow were conducted based 
on scenarios for changes in evaporation, rainfall, 
snowmelt and surface runoff. In Mikkeli, more 
detailed studies on the aquifer’s main catchment 
area were also conducted. This provided informa-
tion on potential nutrient and pollution loads to 
the aquifer, which is partly recharged from surface 
water. These simulations were carried out for dif-
ferent climate change scenarios to understand the 
potential changes in pollution loads and to better 
respond to these risks.  

2.1.2 Case study Helsinki Metropolitan Area

In the Helsinki Metropolitan Area (HMA), the main 
challenges in stormwater management include the 
increasing amount of impermeable surfaces, the 
capacity of the stormwater sewer network, the com-
bined sewerage network in the centre of Helsinki 
and varying quality of stormwater, as well as storage 
of stormwater data in many different places. While 
the responsibilities in stormwater management 
are shared between the joint municipal authority, 
i.e., Helsinki Region Environmental Services HSY, 
and its member cities, Helsinki, Vantaa, Espoo and 
Kauniainen, there is a need for tight co-operation 
between all actors. HSY has attempted to make 
stormwater data available for city planners. This 
has included collecting all the existing data into 
one database to support overall stormwater man-
agement within the whole Helsinki Metropolitan 
Area. A green factor tool is used in planning in the 
HMA that ensures a sufficient amount of perme-
able surfaces in urban development to manage the 
stormwater floods in an environmentally sustain-
able manner.  

2.1.3 Case study St. Petersburg

In St. Petersburg, the main challenges in stormwa-
ter management are:
 • Climate change, which is characterized by an 

increase in the amount of short-term intense 
precipitation and an increase in the number of 
warm days in the winter months;

 • An outdated regulatory framework for the design 
of drainage networks for surface runoff, which 
applies 60-year-old rainfall intensities;

 • An increase in impermeable surfaces such as 
roofs due to active construction, new streets and 
parking lots in the new dwelling areas, as well as 
densification in the existing areas, which have all 
increased the amount of surface runoff. 

The above-mentioned factors lead to the for-
mation of large volumes of surface runoff, and 
even today cause an overload of the existing sew-
age systems, and thus, temporary accumulations 
of water on the ground. Sewer networks overflow 
during periods of intense rainfall, which can cause 
local flooding of urban areas and the discharge of 
untreated wastewater into freshwater bodies. 

SUE “Vodokanal of St. Petersburg” has accumu-
lated a huge set of statistical data to study the oper-
ating modes of sewerage networks. Additionally, 
within the RAINMAN project framework, field 
measurements were carried out in the networks 
both during periods of precipitation of varying 
intensity and in dry weather. Moreover, specific 
climatic indices were calculated that affect water 
management in St. Petersburg. 

The changes in climatic indicators were esti-
mated based on the regional climate model of the 
Voeikov Main Geophysical Observatory (MGO) 
and revealed patterns of change in precipitation 
parameters (Volkov et al. 2020a, 2021). Thus, cli-
matic reference information for St. Petersburg was 
developed, which includes the microclimatic zoning 
of St. Petersburg. Estimates of changes in precipita-
tion intensity, as well as in the frequency of excep-
tional rainfall events, were taken into account when 
developing a model for the modernization of the St. 
Petersburg wastewater disposal system (Volkov et 
al. 2020a,b, 2021). These data, as well as materi-
als provided by the RAINMAN project partners and 
subcontractors, enabled the identification of pat-
terns in the occurrence of challenges to the sewer 
networks of St. Petersburg and recommendations 
for their elimination and prevention during the fur-
ther development of the city’s territories, including 
in the climate change context.
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2.2 Climate change

The expected climate change in Northern Europe is 
characterized by an increase in temperatures and 
precipitation. The rise in temperatures will be more 
pronounced than in Western and Central Europe 
or the Mediterranean area. While precipitation will 
decrease in the Mediterranean and only slightly 
increase in Western and Central Europe, there will 
be a clear increase, especially in the autumn and 
winter, in Northern Europe (Gutiérrez et al. 2021).

The surroundings of the Gulf of Finland are fac-
ing similar challenges related to climate change 
impacts, such as stormwater floods. Changing 
precipitation patterns with more extreme rainfall 
events, as well as changes in temperature, especially 
during winter, have already caused disastrous urban 
flooding events and contamination of freshwater 
resources. These negative impacts will increase in 
the future if no actions are taken towards a more 
resilient society.

In the Gulf of Finland, Ruosteenoja et al. (2016) 
projected a temperature increase of 4–5 °C in 
winter and 2–3 °C in summer between 2040–
2069 compared to the current climate (under 
IPCC RCP8.5, which stands for the representative 
concentration pathway (RCP) based on the very high 
emission scenario of the Intergovernmental Panel 
on Climate Change (IPCC)). Precipitation in winter 
could increase by 10–20% during this period. By the 
end of this century, the temperature could rise by 
7 °C in winter (5 °C in summer), with the increase 
in precipitation still being in the range of 10–20% 
(Meier et al. 2021). The more specific climate change 
scenarios for the RAINMAN case studies in Mikkeli, 
Lahti and St. Petersburg, as well as in the Helsinki 
Metropolitan Area, correspond to these general 
findings (see sections 3.1, 4.1, 5.1 and 6.1). 

Future climate change over north-western 
Russia, including the St. Petersburg area, has been 
projected by a large ensemble of regional climate 
simulations using the regional climate model 

(RCM) produced by the MGO, the so-called MGO 
RCM (Shkolnik & Efimov 2015, Shkolnik et al. 2018). 
Thirty experiments differing in the initial atmos-
pheric and land surface conditions have been con-
ducted spanning three decadal periods, 1990–1999 
(baseline), 2050–2059 and 2090–2099, using the 
IPCC RCP8.5 scenario (van Vuuren 2011). The analy-
sis has demonstrated that the signal-to-noise ratio 
is larger than 1 for the changes in temperature and 
temperature-based characteristics throughout the 
year and for the cold season precipitation, while the 
uncertainty of the summer precipitation projection 
is considerably larger. The probabilistic distribution 
of temperature changes in St. Petersburg has been 
evaluated on a seasonal basis. There is a clear effect 
of warming that leads to a shift in the distributions 
towards higher seasonal temperatures. However, 
there is still a non-zero probability of the occur-
rence of colder seasons, at least until the middle of 
the 21st century, as compared to the baseline simula-
tion. The colder seasons could be accompanied by 
precipitation amounts close to those in the baseline 
period until the end of the 21st century.

The climate in Finland is characterized by sea-
sonal variation, with snow accumulation in winter 
and snowmelt during spring. However, with warmer 
temperatures, there will be less snow accumulation 
during winter and earlier spring floods caused by 
snowmelt (Veijalainen et al. 2019). Warmer tem-
peratures may shorten the time when the ground 
is frozen or even hinder freezing. Thus, ground-
water recharge may also take place during win-
ter months. During summer, evapotranspiration is 
generally higher than in winter and groundwater 
discharge decreases. The longer growth period due 
to an earlier spring and longer summer will cause 
even more evapotranspiration (Veijalainen et al. 
2019). This will decrease groundwater recharge in 
the summer months.

2.3 Methodology

2.3.1 Stormwater management within different  
land use types

The RAINMAN project was based on the assump-
tion that stormwater management solutions have 
to be suitable for the areas in question. For exam-
ple, nature-based solutions can be easier to imple-

ment in developing areas, but in densely built-up 
or historical areas, traditional methods to handle 
stormwaters might be more feasible. This is why in 
the RAINMAN project, we decided to specify solu-
tions for different land use types that have compa-
rable characteristics in Finland and Russia (see Fig. 
2). It was agreed to divide the solutions into four  
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different categories: green or natural areas, devel-
oping or rural areas, densely built-up areas and 
historical built-up areas. The analysis of similar 
land use types in all case study areas enabled the 
sharing of best practices and cross-border learning 
to address common challenges. 

In green and natural areas, specific attention 
should be paid to stormwater quality to preserve 
and maintain nature values and biodiversity. In 
these areas, natural attenuation already takes place 
or nature-based solutions for stormwater manage-
ment are easy to establish or build, as enough space 
for such solutions exists. Natural attenuation puri-
fies stormwaters before they enter watersheds or 
infiltrate into aquifers. However, a heavy or sudden 
load of nutrients or other harmful substances may 
disturb the natural attenuation processes and slow 
down or even stop them, which in turn could cause 
the increased release of nutrients or contaminants 
to the environment.

In developing and densely built-up areas with 
high soil sealing patterns, increasing stormwa-
ter volumes may cause unexpected, sudden urban 
floods if stormwaters are not managed properly. 
Nature-based solutions might not be possible in 
all areas if, for example, concentrations of harm-
ful substances are too high. In addition, the lack of 
space and appropriate areas may hinder the uti-
lization of nature-based solutions. This particu-

larly concerns historical built-up areas with limited 
building and alteration possibilities. In old city 
centres, such as in Helsinki and in St. Petersburg, 
special attention should pe paid to urbanized areas 
with combined sewage systems.

Increased stormwater volumes cause greater 
direct (economic) damage and deterioration in 
built-up areas than in green and natural areas. 
At the same time, untreated stormwater may sig-
nificantly pollute the surrounding environment, 
especially the watersheds. In built-up areas, the 
quality of stormwater is usually worse the denser 
and more intensive the land use is. If stormwater is 
not treated appropriately, it can cause eutrophica-
tion and pollution of receiving watersheds, as well 
as surrounding green and natural areas. 

In urban built-up areas located in close proximity 
to or on top of aquifers, proper stormwater manage-
ment is essential to ensure groundwater protection. 
The infiltrated stormwaters should not endanger 
the quality of groundwater. This is why storm waters 
might need to be directed outside the groundwa-
ter area before they are allowed to infiltrate the 
ground. On the other hand, a sufficient amount of 
stormwater should be infiltrated to ensure the water 
balance of the aquifer and to prevent unwanted 
changes in the groundwater level. There might be 
a need to establish restrictions for some activities 
on aquifers. For example, an increasing demand for 

road maintenance (use of de-icing or anti-icing 
chemicals) due to increasing mild winters with  
temperatures fluctuating above and below the 
freezing point should be acknowledged and alter-
native options for road maintenance considered. 

2.3.2 Nature-based solutions in stormwater  
management

Sustainable stormwater management differs 
depending on its location. While unmanaged urban 
flooding may cause significant economic losses, the 
development of new approaches highlighting the 
role of ecosystems in reducing the socio-economic 
and environmental costs of climate change has 
been boosted (Martín et al. 2020). Traditionally, 
infrastructural solutions (“grey” and “hard” solu-
tions) are used to reduce and manage the impacts of 
flooding and to manage water resources. However, 
nature-based solutions (“green” and “blue” solu-
tions) for water management have become more 
common, as they are usually cost-effective (World 
Bank 2019). They also represent actions that can 
be used, as defined by the International Union for 
Conservation Nature (IUCN 2021), “[t]o protect, 
sustainably manage, and restore natural and modified 
ecosystems that address societal challenges effectively 
and adaptively but also simultaneously providing human 
well-being and biodiversity benefits.” 

Nature-based solutions in stormwater manage-
ment are an umbrella concept for different inte-
grated approaches to urban water management that 
correct or mimic the natural cycle of water, and that 
are different from grey infrastructure (directing 
the water as quickly as possible away from paved 
surfaces through underground pipes into sewers). 
These approaches can be referred to in various 
ways, such as blue and green solutions, sustainable 
urban drainage systems, sponge cities, ecosystem-
based adaptation and water-sensitive urban design 
(Kautto 2022). The European Commission (2015) 
defines them as follows: “[n]ature-based solutions 
aim to help societies address a variety of environmen-
tal, social and economic challenges in sustainable ways. 
They are actions which are inspired by, supported by or 
copied from nature….They have tremendous potential 
to be energy and resource-efficient and resilient to 
change, but to be successful they must be adapted to 
local conditions….Many nature-based solutions result 
in multiple co-benefits for health, the economy, society 
and the environment, and thus they can represent more 

Fig. 2. Four land use types, their influence on stormwater management and representative case studies in the 
RAINMAN project. The RAINMAN project was based on the assumption that in green and natural areas, specific 
attention should be paid to stormwater quality, as natural flood routes are more easily available and stormwater 
volumes easier to handle. In addition, nature-based solutions can be easier to implement in developing areas or 
areas with less dense land use.
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road maintenance (use of de-icing or anti-icing 
chemicals) due to increasing mild winters with  
temperatures fluctuating above and below the 
freezing point should be acknowledged and alter-
native options for road maintenance considered. 

2.3.2 Nature-based solutions in stormwater  
management

Sustainable stormwater management differs 
depending on its location. While unmanaged urban 
flooding may cause significant economic losses, the 
development of new approaches highlighting the 
role of ecosystems in reducing the socio-economic 
and environmental costs of climate change has 
been boosted (Martín et al. 2020). Traditionally, 
infrastructural solutions (“grey” and “hard” solu-
tions) are used to reduce and manage the impacts of 
flooding and to manage water resources. However, 
nature-based solutions (“green” and “blue” solu-
tions) for water management have become more 
common, as they are usually cost-effective (World 
Bank 2019). They also represent actions that can 
be used, as defined by the International Union for 
Conservation Nature (IUCN 2021), “[t]o protect, 
sustainably manage, and restore natural and modified 
ecosystems that address societal challenges effectively 
and adaptively but also simultaneously providing human 
well-being and biodiversity benefits.” 

Nature-based solutions in stormwater manage-
ment are an umbrella concept for different inte-
grated approaches to urban water management that 
correct or mimic the natural cycle of water, and that 
are different from grey infrastructure (directing 
the water as quickly as possible away from paved 
surfaces through underground pipes into sewers). 
These approaches can be referred to in various 
ways, such as blue and green solutions, sustainable 
urban drainage systems, sponge cities, ecosystem-
based adaptation and water-sensitive urban design 
(Kautto 2022). The European Commission (2015) 
defines them as follows: “[n]ature-based solutions 
aim to help societies address a variety of environmen-
tal, social and economic challenges in sustainable ways. 
They are actions which are inspired by, supported by or 
copied from nature….They have tremendous potential 
to be energy and resource-efficient and resilient to 
change, but to be successful they must be adapted to 
local conditions….Many nature-based solutions result 
in multiple co-benefits for health, the economy, society 
and the environment, and thus they can represent more 

efficient and cost-effective solutions than more tradi-
tional approaches.”

In practice, nature-based solutions are often 
combined with grey stormwater management ele-
ments (Kautto 2022). For example, the stormwater 
is directed to sewer systems after treatment with 
nature-based systems. Dense city structures or the 
incremental building and refurbishment of storm-
water management systems are potential reasons 
for the combination of different approaches. 

2.3.3 Groundwater vulnerability

The vulnerability of two aquifers in the cities of 
Mikkeli and Lahti (the Hanhikangas and Lahti aqui-
fers, respectively) was analysed with the stand-
ardized DRASTIC method developed by the US EPA 
(Aller et al. 1985, Eskelinen et al. 2021). This method 
enables a description of the groundwater pollution 
potential caused by the hydrogeological setting of 
the aquifer. It is based on seven hydrogeological 
parameters that affect the vertical movement of 
water from the ground surface to the groundwater. 
1. Depth to water (thickness of the unsaturated, 

vadose zone; groundwater level)
2. net Recharge (the amount of water that infil-

trates the ground surface and reaches the 
aquifer)

3. Aquifer media (soil media in the saturated, 
groundwater zone)

4. Soil media (land use and uppermost soil layer)
5. Topography/Slope (slope of the land surface)
6. Impact of the vadose zone (soil medium in the 

unsaturated, vadose zone)
7. hydraulic Conductivity (hydraulic conductivity 

of the saturated, groundwater zone)

As a result, aquifers can be classified into catego-
ries that qualitatively describe their vulnerability. 
The DRASTIC method can be used as a preliminary 
tool to identify the most vulnerable areas within 
a groundwater area that require site-specific risk 
assessment. These findings can be further inte-
grated into land use plans and groundwater pro-
tection plans in which risk management measures 
are given.  

The DRASTIC method can also be utilized to esti-
mate possible changes in groundwater vulnerability 
due to the changing climate. Increasing precipita-
tion as a result of climate change can mainly cause 
changes in the D (depth to water, i.e., groundwater  

Fig. 2. Four land use types, their influence on stormwater management and representative case studies in the 
RAINMAN project. The RAINMAN project was based on the assumption that in green and natural areas, specific 
attention should be paid to stormwater quality, as natural flood routes are more easily available and stormwater 
volumes easier to handle. In addition, nature-based solutions can be easier to implement in developing areas or 
areas with less dense land use.
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level) and R (net recharge, i.e., precipitation) 
parameters in the DRASTIC analysis. According to 
the modelling performed in the RAINMAN project, 
changes in these values are, however, likely to be 
relatively small within the next few decades in the 
Hanhikangas and Lahti aquifers. 

2.3.4 Groundwater flow modelling

Groundwater flow models mathematically represent 
the flow of groundwater in an aquifer. They provide 
an informative tool for groundwater management to 
study the water balance of an aquifer under differ-
ent conditions (pumping rates, recharge patterns). 
Groundwater flow models are also used to delineate 
groundwater protection zones. It should be noted 

that flow models are only numerical predictions and 
their applicability strongly depends on the accuracy 
and coverage of the background data. 

In the RAINMAN project, groundwater flow 
was modelled in the Hanhikangas and Lahti 
aquifers using MODFLOW (Modular Three-
Dimensional Finite-Difference Ground-Water 
Flow Model) (McDonald & Harbaugh 1988) and 
GMS (Groundwater Modelling Software) (Hyvönen 
et al. 2021, Luoma et al. 2022). The models were 
implemented as a steady-state one-layer model 
that is time-invariant and describes the long-term 
mean groundwater status under current climatic 
conditions. In addition, a transient flow model was 
constructed in order to simulate climate change 
impacts on groundwater flow.

3 CASE STUDY MIKKELI 

3.1 Climate change impacts

The annual mean temperature in Mikkeli rose 
by over 1 °C from 1991–2021 (Fig. 3). Winter 
temperatures have risen more than summer 
temperatures. GTK applied three regional climate 
change models to indicate the changes in the annual 
mean temperatures and precipitation in Mikkeli by 
2100 (Klein & Luoma 2020, Hyvönen et al. 2021). 

Assuming a continuously high emission of 
greenhouse gases (IPCC RCP8.5), the results of three 

regional climate change models (MPI REMO2009, 
CCLM and SMHI RCA4) indicate an increase in tem-
perature of up to 6 °C by the end of the century (Fig. 
4), with a more pronounced rise in winter ranging 
from 3.7 to 6 °C. In the summer months, the increase 
according to the models will be between 1.3 and 3.3 °C  
(Klein & Luoma 2020). Figure 5 illustrates the 
absolute monthly mean temperature in Mikkeli for 
the periods 1981–2010, 2021–2050 and 2071–2100.

in precipitation for individual months cannot be 
completely excluded, either (Klein & Luoma 2020). 
Figure 7 presents the absolute monthly mean pre-
cipitation in Mikkeli for the periods 1981–2010, 
2021–2050 and 2071–2100.

 

 

-15

-10

-5

0

5

10

15

20

1 2 3 4 5 6 7 8 9 10 11 12

M
ea

n 
te

m
pe

ra
tu

re
 °C

Month

1931-60 1961-90 1991-2020

Fig. 3. Monthly mean temperatures (°C) in 1931–60, 1960–90 and 1991–2020 in Mikkeli (Häkkinen 1993, 
Ilmatieteen laitos 2021, H. Nikander, personal communication, January 2021).

Fig. 4. Change in the monthly mean temperature in Mikkeli between 1981–2010 and 2051–2050 (on the left) and 
between 1981–2010 and 2071–2100 (on the right) according to the regional climate change models MPI REMO2009, 
CCLM and SMHI RCA4 under RCP8.5.

Fig. 5. The absolute monthly mean temperature in Mikkeli for the periods 1981–2010 and 2021–2050 (on the left) 
and 1981–2010 and 2071–2100 (on the right) according to the regional climate change models MPI REMO2009, 
CCLM and SMHI RCA4 under RCP8.5.

Fig. 6. Change in the monthly mean precipitation in Mikkeli between 1981–2010 and 2021–2050 (on the left) 
and 1981–2010 and 2071–2100 (on the right) according to the regional climate change models MPI REMO2009, 
CCLM and SMHI RCA4 under RCP8.5.
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Fig. 4. Change in the monthly mean temperature in Mikkeli between 1981–2010 and 2051–2050 (on the left) and 
between 1981–2010 and 2071–2100 (on the right) according to the regional climate change models MPI REMO2009, 
CCLM and SMHI RCA4 under RCP8.5.

Fig. 5. The absolute monthly mean temperature in Mikkeli for the periods 1981–2010 and 2021–2050 (on the left) 
and 1981–2010 and 2071–2100 (on the right) according to the regional climate change models MPI REMO2009, 
CCLM and SMHI RCA4 under RCP8.5.

 Based on the high emission scenario RCP8.5 and 
the regional models, annual precipitation in Mikkeli 
will increase between 7% and 24.8% by the end of 
the century (Fig. 6). The increase in precipitation 
for individual months in autumn and winter could 
be more than 40%. On the other hand, a decrease 

in precipitation for individual months cannot be 
completely excluded, either (Klein & Luoma 2020). 
Figure 7 presents the absolute monthly mean pre-
cipitation in Mikkeli for the periods 1981–2010, 
2021–2050 and 2071–2100.
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Fig. 3. Monthly mean temperatures (°C) in 1931–60, 1960–90 and 1991–2020 in Mikkeli (Häkkinen 1993, 
Ilmatieteen laitos 2021, H. Nikander, personal communication, January 2021).

Fig. 6. Change in the monthly mean precipitation in Mikkeli between 1981–2010 and 2021–2050 (on the left) 
and 1981–2010 and 2071–2100 (on the right) according to the regional climate change models MPI REMO2009, 
CCLM and SMHI RCA4 under RCP8.5.

13



Geological Survey of Finland, Open File Research Report 6/2022
Jaana Jarva (ed.), Johannes Klein (ed.), Elena Akentyeva, Anu Eskelinen, Dinara Fasolko, Vladimir Gvozdev, Victor Ignatchik, Niina Kautto,  
Outi Kesäniemi, Irina Kostenko, Maria Mamaeva, Maaria Parry, Hanna Pasonen, Juha Rautio and Olga Zadonskaya

 

Fig. 7. The absolute monthly mean precipitation in Mikkeli for the periods 1981–2010 and 2021–2050 (on the left) 
and 1981–2010 and 2071–2100 (on the right) according to the regional climate change models MPI REMO2009, 
CCLM and SMHI RCA4 under RCP8.5

The actual development of temperature and pre-
cipitation in the coming decades is expected to be 
between the current climate and the model results 
for the high emission scenario RCP8.5.

The Finnish Environment Institute (SYKE) has 
applied a water quality and nutrient load model, 
VEMALA, to predict the changes in discharges at the 
Tampinkoski dam (Fig. 8), which is located at the 
northern end of the Hanhilampi pond on the west-
ern side of the Hanhikangas aquifer, and the reten-
tion times in the Hanhilampi pond (Fig. 9) using the 
climate model MPI-M-MPI-ESM-LR and emission 

scenario RCP8.5. According to the VEMALA model, 
the peak discharge in spring due to snowmelt will 
disappear and surface runoff in winter will strongly 
increase. Furthermore, winter minimum discharges 
will disappear, and the period of summer minimum 
discharges will begin earlier and will be prolonged. 
The retention time in the Hanhilampi pond will be 
substantially shorter by the end of the 21st century 
due to the increase in discharge, and the period of 
long summer retention will begin earlier and be 
prolonged (Huttunen et al. 2021).

Fig. 8. The long-term mean discharge of the Tampinkoski dam in 1990–2019, 2020–2049, 2050–2079 and 
2080–2100 according to the climate model MPI-M-MPI-ESM-LR under RCP8.5 (Huttunen et al. 2021).

Fig. 9. Changes in the retention times in the Hanhilampi pond in 1990–2019, 2020–2049, 2050–2079 and 
2080–2100 according to the climate scenario model MPI-M-MPI-ESM-LR under RCP8.5 (Huttunen et al. 2021).
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scenario RCP8.5. According to the VEMALA model, 
the peak discharge in spring due to snowmelt will 
disappear and surface runoff in winter will strongly 
increase. Furthermore, winter minimum discharges 
will disappear, and the period of summer minimum 
discharges will begin earlier and will be prolonged. 
The retention time in the Hanhilampi pond will be 
substantially shorter by the end of the 21st century 
due to the increase in discharge, and the period of 
long summer retention will begin earlier and be 
prolonged (Huttunen et al. 2021).

Fig. 8. The long-term mean discharge of the Tampinkoski dam in 1990–2019, 2020–2049, 2050–2079 and 
2080–2100 according to the climate model MPI-M-MPI-ESM-LR under RCP8.5 (Huttunen et al. 2021).

Fig. 9. Changes in the retention times in the Hanhilampi pond in 1990–2019, 2020–2049, 2050–2079 and 
2080–2100 according to the climate scenario model MPI-M-MPI-ESM-LR under RCP8.5 (Huttunen et al. 2021).

3.2 Groundwater vulnerabilities and risks

The Hanhikangas aquifer provides domestic water 
for the city of Mikkeli. It is a glaciofluvial forma-
tion that mainly consists of sand and gravel (Fig. 
10). The overall thickness of the unsaturated vadose 
zone is about 10 to 20 metres in major parts of the 
aquifer. The thickness of the saturated zone var-
ies from a few metres to 20 metres. The aquifer is 
hydraulically connected to the surrounding lakes, 
ponds and rivers. Bank filtration takes place espe-
cially in Kalevankangas, on the western side of the 
aquifer on the shore of the Pankajoki river (south 
of the Hanhilampi pond) and the Hanhilampi pond. 
The share of surface water in the pumped ground-
water varies between 35% and 55% (Kaipainen et 
al. 2021). From the groundwater protection point 
of view, the existing surface water–groundwater 
interaction creates a demand to consider activities 
that cause risks not only for the aquifer itself but 
also for the freshwater resources that are recharg-
ing the aquifer. The potential load with nutrients 
and harmful substances from the watershed of the 
Hanhikangas aquifer are discussed in section 3.3.

The impact of climate change on groundwater 
flow and especially on groundwater levels was mod-
elled in the Hanhikangas aquifer (Hyvönen et al. 
2021). The simulation was based on the SMHI RCA4 

regional climate change model under RCP8.5 for the 
time intervals 2021–2050 and 2072–2100, and the 
results were compared with the period 1981–2010 
(current climate). As a result of climate change, 
there will be changes in groundwater recharge pat-
terns. The current rise in groundwater levels due 
to spring runoff and in early summer will disap-
pear. For late summer, autumn and early winter, 
climate change impacts on the groundwater level 
will, however, be less pronounced. Figure 11 displays 
the average monthly groundwater recharge from 
precipitation per month in the Hanhikangas aquifer 
in 1981–2010, 2021–2050 and 2071–2100.

The overall groundwater vulnerability of the 
Hanhikangas aquifer was studied with the DRASTIC 
method (Eskelinen et al. 2021). The study revealed 
that major parts of the Hanhikangas aquifer are 
vulnerable to contamination. This is mainly due to 
the high permeability of the aquifer material (the 
soil medium is mainly gravel and sand) and the 
groundwater level being close to the ground sur-
face. Thus, land use planning should pay particu-
lar attention to activities that may have negative 
impacts on the environment and are located or are 
planned in these vulnerable areas. 
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3.3 Surface water vulnerabilities and risks

Fig. 11. Average monthly groundwater recharge in the Hanhikangas aquifer in 1981–2010 (black line), 2021–2050 
(green line) and 2071–2100 (green dashed line) according to the regional climate change model SMHI RCA4 under 
RCP8.5 (Hyvönen et al. 2021).

Fig. 10. Superficial deposit map of the Hanhikangas aquifer, Mikkeli. Map layout: Tom Rauhaniemi, GTK.
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Fig. 11. Average monthly groundwater recharge in the Hanhikangas aquifer in 1981–2010 (black line), 2021–2050 
(green line) and 2071–2100 (green dashed line) according to the regional climate change model SMHI RCA4 under 
RCP8.5 (Hyvönen et al. 2021).

3.3 Surface water vulnerabilities and risks

In order to study in more detail the leaching and 
transport of nutrients, suspended solids and 
contaminants within the Hanhilampi watershed 
under different weather conditions and climate 
change scenarios, the VEMALA model was applied 
(Huttunen et al. 2021). According to the VEMALA 
model, visible changes in surface water discharges 
within the Hanhilampi watershed will occur rela-
tively rapidly by 2050. Because the Hanhikangas 
aquifer partly recharges from surface water, it is 
possible that the prolonged dry seasons during 
summer will substantially lower the groundwater 
level in the Hanhikangas aquifer, if the reduced 
discharge causes lower water levels in the surface 
water bodies. At the time as the discharge in the 
Tampinkoski dam is lowest and the retention times 
in the Hanhilampi pond are longest, the changes in 
the quality of surface water pose the greatest risk 
to groundwater.

Changes in the quality of surface water can 
roughly be detected in the quality of groundwa-
ter. For example, the trend in the chemical oxygen 
demand in the Pankajoki river, which flows to the 
Hanhijoki river and the Hanhijoki pond, has been 

increasing (1995–2017), and a similar trend can 
also be detected in the groundwater (1991–2019) 
(even though the groundwater pumping rate has 
not increased). According to Ikäheimo & Hakoniemi 
(2008), there is a slightly positive correlation 
between the amount of pumped groundwater and 
the chemical oxygen demand, as well as the amount 
of humus, indicating surface water infiltration to 
the aquifer.

The increase in chemical oxygen demand can 
be detected in the larger area of the Hanhilampi 
watershed, which can also pose a risk to ground-
water. The increase in chemical oxygen demand can 
ultimately lead to anoxic conditions in the aquifer 
which, in turn, will increase the likelihood of met-
als and other harmful substances dissolving in the 
groundwater. The temperature of groundwater has 
also increased (1991–2019), which often indicates 
surface water intrusion to the aquifer. Higher tem-
peratures in groundwater, for example, create more 
favourable conditions for bacterial growth.

The phosphorus load that enters the Hanhilampi 
pond was modelled using the VEMALA model. The 
phosphorus load to the whole Hanhilampi water-Fig. 10. Superficial deposit map of the Hanhikangas aquifer, Mikkeli. Map layout: Tom Rauhaniemi, GTK.
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shed and to the Hanhilampi pond is presented in 
Figure 12. The phosphorus load from the Hanhilampi 
watershed almost entirely enters the Hanhilampi 
pond. The land use of the Hanhikangas watershed 
has been analysed, and the proportion of built-up 
areas generating stormwater is 14%. According to 
the VEMALA model, the stormwater contributes 
approximately 23% to the total phosphorous load 
(Huttunen et al. 2021). 

The VEMALA model was also used to estimate the 
changes in the load of phosphorus and suspended 
solids to the Hanhilampi pond under changing cli-
matic conditions. Several climate scenarios were 
used. According to the worst-case climate scenario 

(MPI-M-MPI-ESM-LR with the emission scenario 
RCP8.5), the phosphorus load will increase by about 
60% (being 238 kg/year), and suspended solids by 
83% (being 40 000 kg/year) by the end of the 21st 

century. Hence, the phosphorous and suspended 
solids load to the Hanhilampi pond will increase 
due to climate change. However, the phosphorus 
concentration will not correspondingly increase 
because of increasing discharge in the Hanhilampi 
pond. By comparison, it appears that the concen-
tration of suspended solids will increase. The three 
most important sources of phosphorus are natural 
runoff, stormwater and agricultural areas.

Fig. 12. The phosphorus load (kg/ha/a) generated in the Hanhilampi watershed (left) and the proportion (%) of 
the phosphorus load entering the Hanhilampi pond (right) (Huttunen et al. 2021). The Hanhilampi pond is in the 
easternmost corner of the modelled area.
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3.4 Solutions and recommendations

While the periods of minimum discharge and 
dry seasons in summer will most probably be 
prolonged in the future, risk management and 
adaptation measures are needed to ensure a suf-
ficient amount and quality of groundwater in the 
Hanhikangas aquifer. Because the water intake of 
the Hanhikangas aquifer is reliant on bank filtra-
tion, it should be carefully considered that good 
quality surface water is ensured in these areas. 

Several measured water quality parameters are 
likely to increase downwards along the river con-
tinuum, i.e., towards the Hanhilampi pond and the 

Hanhikangas aquifer. The Sannastinoja creek (south 
from the Pankajoki river), in particular, transports 
a humus load to the Hanhijoki river (Fig. 13), which 
can be detected in an increase in the nitrogen load 
and chemical oxygen demand. An increase in the 
amount of humic substances in surface water can 
in turn cause challenges for bank filtration and 
the quality of groundwater. Hence, it is important 
to monitor the water quality and manage various 
load factors (stormwater, natural runoff, land use) 
before surface waters enter to the groundwater for-
mation area of the Hanhikangas aquifer.

Fig. 13. The Sannastinoja creek (on right) brings high concentrations of humic substances to the downstream 
section of the river continuum. The humus load can be identified as a dark brown colour entering the mainstream. 
Photo: Juha Rautio, Mikkeli.

With active means of stormwater management, 
the city of Mikkeli can affect the environmental load 
entering the area of the Hanhikangas aquifer. Better 
management of stormwater and other urban surface 
waters will also provide a better tool for managing 
and preparing, for example, for chemical accidents. 
In addition to the better management of stormwa-
ter, active means of improving the water quality in 
nearby ponds and lakes are important. Increasing 

the oxygen concentration in the nearby ponds and 
rivers, for example, would eventually benefit the 
groundwater in the Hanhikangas aquifer.  

The groundwater protection plan of the 
Hanhikangas aquifer was updated during the 
RAINMAN project. This included groundwater flow 
modelling, as well as a water quality and nutrient 
load modelling of surface waters under different 
climate scenarios (Rautio 2022). The main findings 
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were discussed in several stakeholder workshops. 
The workshops also included risk assessment ses-
sions, in which different types of potential risks to 
groundwater were identified and further analysed 
with experts, environmental authorities and other 
stakeholders. The accomplished risk assessment 
with management measures and responsibilities is 
an essential part of the Hanhikangas groundwater 
protection plan.

The main recommendations for the protection of 
the Hanhikangas aquifer are:
 • An updated groundwater protection plan that 

takes climate change impacts into account and 
also presents management measures for risks 
that may occur in the future due to climate 
change;

 • The establishment of an automatic groundwa-
ter quality and quantity monitoring system in 

the Hanhikangas groundwater area, especially to 
monitor bank filtration and stormwater loads;

 • Protection activities should be extended to the 
whole Hanhikangas watershed to better moni-
tor the surface water quality changes that may 
negatively affect groundwater quality; 

 • Accidents and short-term impacts should be pre-
vented with better structural solutions;

 • De-icing chemicals used on main roads in the 
Hanhikangas catchment area should be replaced 
with those that are less harmful to groundwater 
quality; 

 • Novel solutions, such as nature-based stormwa-
ter treatment, should be considered to minimize 
the negative impacts of stormwater and extreme 
rainfall events on the Hanhikangas aquifer. 

4 CASE STUDY LAHTI 

4.1 Climate change impacts

GTK applied three regional climate change models 
to indicate the changes in annual mean tempera-
tures and precipitation in Lahti by 2100 (Klein & 
Luoma 2020, Luoma et al. 2022). Assuming con-
tinuously high emissions of greenhouse gases 
(IPCC RCP8.5), the results of three regional cli-
mate change models (MPI REMO2009, CCLM and 
SMHI RCA4) indicate an increase in temperature 
of up to 6.1 °C by the end of the century (Fig. 14). 
The estimated rise is more pronounced in winter, 
ranging from 4.2 to 6.1 °C. In the summer months, 
the increase according to the models is between 1.7 
and 2.9 °C (Klein & Luoma 2020). Figure 15 displays 

the absolute monthly mean temperature in Lahti for 
the periods 1981–2010, 2021–2050 and 2071–2100.

 Based on the high emission scenario and the 
regional models, annual precipitation in Lahti will 
increase by between 5.5% and 31% by the end of the 
21st century (Fig. 16). The increase in precipitation 
for individual months in autumn and spring could 
be more than 55%. On the other hand, a decrease 
in precipitation for individual months cannot be 
completely excluded, either (Klein & Luoma 2020). 
Figure 17 presents the absolute monthly mean 
precipitation in Lahti for the periods 1981–2010, 
2021–2050 and 2071–2100.

Fig. 14. Change in the monthly mean temperature in Lahti between 1981–2010 and 2051–2050 (on the left) and 
2071–2100 (on the right) according to the regional climate change models MPI REMO2009, CCLM and SMHI 
RCA4 under RCP8.5.
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Fig. 15. The absolute monthly mean temperature in Lahti for the periods 1981–2010 and 2021–2050 (on the left) 
and the periods 1991–2010 and 2071–2100 (on the right) according to the regional climate change models MPI 
REMO2009, CCLM and SMHI RCA4 under RCP8.5.

Fig. 16. Change in the monthly mean precipitation in Lahti between 1981–2010 and 2051–2050 (on the left) and 
between 1981–2010 and 2071–2100 (on the right) according to the regional climate change models MPI REMO2009, 
CCLM and SMHI RCA4 under RCP8.5.

Fig. 17. The absolute monthly mean precipitation in Lahti for the periods 1981–2010 and 2021–2050 (on the left) 
and 1981–2010 and 2071–2100 (on the right) according to the regional climate change models MPI REMO2009, 
CCLM and SMHI RCA4 under RCP8.5

The actual development of temperature and pre-
cipitation in the coming decades is expected to be 

between the current climate and the model results 
for the high emission scenario RCP8.5.

4.2 Groundwater vulnerabilities and risks

The Lahti aquifer provides domestic water for the 
city of Lahti. The formation is part of the First 
Salpausselkä ice-marginal formation (Fig. 18). It 
consists of sand and gravel with a varying thick-
ness of fine-grained sediment layers. The thick-

ness of the unsaturated vadose zone varies, but over 
large areas it is more than 20 metres. The aquifer 
is hydraulically connected to Lake Vesijärvi in the 
north, where surface water–groundwater interac-
tion has been identified to take place.
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Fig. 18. Superficial deposit map of the Lahti aquifer (Lahti). Map layout: Tom Rauhaniemi, GTK.

The impact of climate change on groundwater 
flow and especially on groundwater levels was mod-
elled in the Lahti aquifer (Luoma et al. 2022). The 
simulation was based on the SMHI RCA4 regional 
climate change model under RCP8.5 for the time 
intervals 2021–2050 and 2071–2100, and the results 
were compared with the period 1981–2010 (current 
climate). As a result of climate change, there will 
be changes in groundwater recharge patterns. The 
current rise in groundwater levels due to spring 
runoff and in early summer will disappear. For late 
summer, autumn and early winter, climate change 
impacts on groundwater levels will, however, be 
less pronounced by 2021–2050. By the end of the 
century, there will be an increase in recharge in late 
autumn and winter. Due to the considerable thick-
ness of the unsaturated and saturated zones, climate 
change impacts on groundwater recharge will, how-
ever, be very limited. Figure 19 displays the average 
monthly groundwater recharge from precipitation 
per month in the Lahti aquifer in 1981–2010, 2021–
2050 and 2071–2100. The geological structure of the 
Lahti aquifer is very complex and there is consid-
erable variation in the hydrogeological character-

istics of the unsaturated zone. In addition, because 
of the high proportion of impermeable surfaces, a 
large amount of the precipitation does not infiltrate 
into the aquifer.  Thus, climate change impacts vary 
spatially and temporarily throughout the aquifer. 
Especially in areas where bank filtration from Lake 
Vesijärvi takes place, changes in the pumping rates 
also play a crucial role in groundwater level changes.

The overall groundwater vulnerability of the Lahti 
aquifer was assessed with the DRASTIC method 
(Eskelinen et al. 2021). The study revealed that 
major parts of the Lahti aquifer have average vul-
nerability to contamination. This is mainly due to 
the considerable thickness of the overburden above 
the groundwater, which protects the groundwater 
from pollution, as contaminants need to travel 
a long distance to reach the aquifer. However, it 
should be noted that the soil medium of the aquifer 
is mainly sand and gravel with high permeability, 
which decreases the travel time. Thus, land use 
planning should pay particular attention to activi-
ties that may have negative impacts on the envi-
ronment and groundwater quality and are located 
or are planned on the aquifer. 
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Fig. 19. Average monthly groundwater recharge per month in the Lahti aquifer in 1981–2010 (black line), 2021–
2050 (blue line) and 2071–2100 (red dashed line) according to the regional climate change model SMHI RCA4 
under RCP8.5 (Luoma et al. 2022).
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4.3 Solutions and recommendations

The use of de-icing chemicals likely to grow, as 
near-zero temperatures are expected to increase 
during the winter months. Traditionally, sodium 
chloride (i.e., salt) has been used for the de-icing 
of the roads. However, this might have negative 
impacts on the groundwater, and, for example, ele-
vated chloride concentrations have been detected 
in the groundwater monitoring wells of the Lahti 
aquifer. Thus, in Lahti city centre, sodium chloride 
has been replaced with potassium formate as a de-
icing agent since the autumn of 2017.

During the RAINMAN project, the effects of 
substituting sodium chloride on the chloride con-
centration levels in the groundwater were moni-
tored. The groundwater observation well used in 
this monitoring is located in the city centre of Lahti 
in the middle of the Lahti aquifer. The observa-
tion well has already been monitored by the local 
waterworks since 2003. Thus, it provides a good 
overall picture how de-icing with sodium chloride 
can affect the groundwater chloride concentra-
tion. Figure 20 displays the chloride concentration 

(mg/l) in the groundwater monitoring well during 
the years 2003–2021. The concentration rose until 
2017, when the city of Lahti stopped using chloride 
as a de-icing agent. The monitoring results indicate 
that even though sodium chloride has been replaced 
with potassium formate, the recovery of ground-
water cannot yet be detected. However, the chloride 
concentration is expected to decline over time, as 
the emission source has disappeared. The city of 
Lahti will continue monitoring chloride concentra-
tions in the groundwater monitoring well. In the 
future, it would be important to also examine the 
possible groundwater effects of potassium formate. 

In addition to the monitoring of de-icing chem-
icals, soil frost depth measurement points were 
installed in the Lahti aquifer (Fig. 21). The meas-
urements can be used when estimating groundwater 
recharge during winter. When the ground is fro-
zen, no recharge takes place, and the groundwater 
level decreases during winter months. The soil frost 
depth can vary considerably between years.
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Fig. 20. The chloride concentration (mg/l) in the Lahti aquifer groundwater measured from the groundwater 
monitoring well (HP 126) during the years 2003-2021.

Fig. 21. A schematic diagram of the frost depth measurement principle (on the left) and measurement of the 
device (on the right). Photo:  Riikka Mäyränpää, Ramboll Ltd.

The results and findings of the RAINMAN project 
revealed applicable information and new ideas for 
the future work and plans within the Lahti aquifer.

Generally, it should be ensured that no functions 
or activities that may have pollution potential are 
allowed in areas that have particularly sensitive 
hydrogeological features. The DRASTIC vulnerabil-
ity analysis and its results can be used in the coming 
decades, despite the changing climate. The city of 
Lahti will export the generated DRASTIC maps to 
a map software package, allowing city personnel 
to easily use them in their work. Before this, the 
personnel will be informed more specifically about 
what possibilities the DRASTIC vulnerability maps 
can offer in land use planning and the risk assess-
ment of different functions.

In the follow-up work, the city of Lahti will 
update the groundwater protection plan of the 
Lahti aquifer and especially the risk assessment and 
management part of the plan with new acquired 
information and data. Some novel risk assessment 
measurements have already taken place in the Lahti 
aquifer. Since 2018, the stormwater from the city 
centre has been directed to the nearby sub-urban 
area of Hennala, located over the southern part of 
the aquifer, for further treatment. The purifica-
tion of the stormwater is based biofiltration in the 
Hennala area (Järveläinen 2021). 

The RAINMAN project provided information on 
how the climate could change in the future and how 
this will affect groundwater flow and levels. The 
biggest change that will affect the entire aquifer is 
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increasing precipitation, especially during the win-
ter months. This means that groundwater recharge 
will take place year-round. Thus, it is recommended 
to examine in more detail the potential changes in 
the water quality of Lake Vesijärvi and the volume 

of bank filtration. This is especially because the 
Jalkaranta waterworks, which provides water for 
domestic use, is located on the Lahti aquifer in close 
proximity to Lake Vesijärvi. 

5 CASE STUDY HELSINKI METROPOLITAN AREA 

The Helsinki Metropolitan Area (HMA) is comprised 
of four municipalities: Helsinki, Espoo, Vantaa and 
Kauniainen. It is an important growth centre with a 
population of 1.2 million in autumn 2021 (Statistics 
Finland 2021), i.e., roughly one-fifth of the Finnish 

population. The HMA is one of the country’s most 
significant foci for new construction. The Helsinki 
Metropolitan Area belongs to the Helsinki-Uusimaa 
Region.

5.1 Climate change impacts

Local climate change scenarios had already been 
available and updated for the Helsinki Metropolitan 
Area before the RAINMAN project. HSY commis-
sioned local climate change scenarios from the 
Finnish Meteorological Institute after the 4th and 
5th Assessment Report of the IPCC. These were car-
ried out in 2010 (HSY 2010) and 2016 (Mäkelä et 
al. 2016), and they have provided the necessary 
information on climate change impacts for adap-
tation planning in the Helsinki Metropolitan Area. 
Furthermore, the Finnish Climate Change Panel 
published a report on changes in weather and cli-
mate factors in each Finnish region in September 

2021 (Gregow et al. 2021). This newly published 
report for the Helsinki-Uusimaa region underpins 
the outcomes of previous research. According to the 
report, depending on how global greenhouse gas 
emissions will evolve in the coming decades, the 
mean temperature is expected to be 1.7 to 2.8 °C 
warmer than today in the Helsinki-Uusimaa Region 
by the end of the century. This is anticipated to 
lead to an increase in precipitation, as illustrated 
in Figure 22. Both mean and maximum precipita-
tion will increase, especially in winter months, and 
heavy rainfall events will become more frequent in 
summer (Mäkelä et al. 2016).

Fig. 22. Change in annual mean precipitation (%) according to the RCP2.6 (green), RCP4.5 (blue) and RCP8.5 
(red) scenarios in South Finland (Mäkelä et al. 2016).
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Climate change is also expected to increase the 
volume of cloudbursts. Cloudbursts are usually a 
local phenomenon, and the probability of heavy 
rainfall occurring in densely built city areas is rela-
tively low (Mäkelä et al. 2016). The infrastructure 
of cities should, however, be designed and built to 
be resilient to changes in the amount and density 
of rainfall in the future, as damage can turn out to 
be costly to repair and cause significant harm to 
the residents.  

The risk of stormwater floods will increase in 
the future along with increased cloudburst events, 
and this risk is recommended to be prepared for. 
Estimated climate change impacts also include sea 
level rise and an increased risk of sea floods (Gregow 
et al. 2021). This is expected to affect stormwa-
ter management systems, especially if cloudburst 
events and elevated sea levels occur simultaneously.

5.2 Stormwater management

5.2.1 Helsinki Metropolitan Area and vulnerabilities  
of stormwater management

With regard to the land use types defined at the 
outset of the project, i.e., green or natural areas, 
developing (or rural) areas, densely built-up areas 
and historical built-up areas, only Helsinki includes 
all four land use types, as it has historical built-up 
areas, while the rest of the HMA cities only include 
the other three land use types.

The vulnerabilities of the Helsinki Metropolitan 
Area’s stormwater management are related to 
the challenges mentioned in section 2.3.1, namely 
increasing impermeable surfaces, the capacity of 

the stormwater sewer network, combined sewer-
age in the centre of Helsinki and its flooding, and 
the varying quality of stormwater, as well as the 
storage of stormwater-related data in many dif-
ferent places.

Regarding the first challenge, even though 
Finland is sparsely populated compared to many 
other countries, even here cities face the pressures 
of densification. Figure 23 displays the impermeable 
surface area in the HMA: 28% of the surface area 
is built-up (including roads, buildings and other 
impermeable surfaces, as well as bare rock), 69% is 
covered with vegetation (low vegetation and trees) 
and 3% is inland water. 

Fig. 23. The impermeable surface area in the Helsinki Metropolitan Area (built-up area and bare rock). Compiled 
by HSY based on the Helsinki Metropolitan Area land cover dataset © HSY and municipalities in the region 2020; 
background materials © National Land Survey of Finland 2020, © Finnish Transport Agency, Digiroad 2020.
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Fig. 24. The relative percentage of vegetated areas in different districts in Helsinki, including trees, low vegeta-
tion and agricultural fields. Compiled by HSY based on the Helsinki Metropolitan Area land cover dataset © HSY 
and municipalities in the region 2020; background materials © National Land Survey of Finland 2020, © Finnish 
Transport Agency, Digiroad 2020.

Also, in part illustrating the share of permeable 
surface, Figure 24 presents the relative percentage 
of vegetated areas in different districts of the City of 
Helsinki, including trees, low vegetation and agri-
cultural fields. The vegetation is classified based on 
an orthophoto showing the exact locations of living 
vegetation. The source of this data is HSY’s land 
cover dataset, and this district-level analysis was 
conducted in the RAINMAN project. The majority of 
central Helsinki has a vegetation share of less than 
20%, whereas in natural areas in northern parts of 
the city, 80–95% of the area is vegetated. 

Central Helsinki includes historical and densely 
built-up areas and has a combined sewer system: 
the wastewater and stormwater are conveyed to the 
same sewer and onwards to the Viikinmäki waste-
water treatment plant (Fig. 25). In the event of 
heavy rains, a rapid peak of stormwaters can form. 
This increases the risk of overflow of the com-
bined sewage system, which in turn means that 

untreated water can eventually end up in the Baltic 
Sea. Moreover, stormwater cools down the waste-
water and hence reduces the treatment efficiency 
at the wastewater treatment plant. There are plans 
to separate stormwater from the combined sewer in 
a few parts of central Helsinki, but this is expected 
to happen slowly. 

The capacity of the stormwater network is related 
to the fact that, as in many other city regions, most 
of the current urban stormwater management infra-
structure of the HMA was developed under climatic 
conditions that are different from today’s, calling 
for more climate-resilient systems. Stormwater has 
traditionally been managed in urban areas with so-
called grey infrastructure, including directing the 
water as fast as possible away from paved surfaces 
through underground pipes into sewers. In the case 
of heavy rainfall events, the water often creates 
blockages in the sewage system and can cause flash 
floods, damaging buildings and other property. 
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Fig. 25. Stormwater and combined sewerages in the City of Helsinki. Source: HSY, Stormwater sewerage and 
combined sewerage 2020.

In addition to the increased amounts of storm-
water needing to be handled, the quality has also 
gained growing interest. Along with increasing 
urbanisation and impermeable surfaces, the qual-
ity of stormwater is worsening. Harmful substances 
in stormwater reduce the quality of surface and 
groundwaters. The need to manage the quality of 
stormwater in Finnish city centre areas has been 
indicated at least in terms of solid matter, phos-
phorus, heavy metals such as zinc and copper, and 
nitrogen (Sillanpää 2020, Helsingin kaupunki 2021). 
In Helsinki, oil hydrocarbons and chloride have also 
been considered to need more investigation (Airola 
et al. 2014).  

With regard to the last factor contributing to 
the vulnerability of stormwater management in 
the HMA, it has been recognised that data con-
cerning stormwater, e.g., data on sewers, reten-
tion structures, ditches and streams, are scattered 
and have been stored under different organisa-
tions. HSY recognised the need to develop the 

management of stormwater data and started a 
project on a shared stormwater database (HUTI 
– Hulevesitiedonhallinta, i.e., stormwater data 
management) in 2019. A shared database allows 
for more effective city planning, street design and 
maintenance of the abovementioned structures. 

The first phase of the shared stormwater database 
project was the formulation of a suitable content 
structure for the database. This phase was partly 
funded by the RAINMAN project. The consulting 
company Sitowise was chosen to arrange interviews 
and workshops to identify the needs of the potential 
users of the database and to propose the data con-
tent of the HUTI system. Figure 26 presents the data 
classification and hierarchy of the HUTI database. 
HSY continued to develop the database by collect-
ing documents, standardising all data to the HUTI 
format and building a GIS-based application for the 
users of the stormwater data. The HUTI database is 
part of the SeutuRuutu map service for professional 
use and requires a personal licence.
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Fig. 26. Structure of the HUTI database.

5.2.2 Stormwater management duties, 
responsibilities and steering mechanisms

Stormwater management duties and responsibili-
ties are divided between the HMA cities, the owners 
or occupiers of properties and the joint municipal 
authority, HSY. The following points are based on 
the legislation and the stormwater management 
agreements between HSY and the HMA cities:
 • The cities are responsible for planning stormwa-

ter management as a whole within their territory. 
This includes preparing a stormwater manage-
ment plan, assessing stormwater flood risks and 
taking care of stormwater management in public 
areas, such as water removal from streets and 
flood routes. In addition, the cities are respon-
sible for the construction and maintenance of 
the municipality’s stormwater systems, such as 
open ditches as well as detention and retention 
structures. In the Helsinki Metropolitan Area, 
three out of the four cities have a stormwater 
management programme (Helsinki, Espoo and 
Vantaa). Stormwater management issues are also 
recognised in the city-level climate change adap-
tation plans. 

 • HSY is responsible for the construction and 
maintenance of the main stormwater sewer net-
work in a separately defined stormwater sewer-
age area and owns the stormwater pipe network. 
HSY provides stormwater sewerage services in 

this stormwater sewerage area approved by its 
member municipalities. HSY charges connection 
fees and basic rates for stormwater sewerage. 

 • The owner or occupier of a property is responsible 
for the drainage of the building and the man-
agement of stormwater formed on the property. 
There should be a plan for conveying and treating 
stormwater. Stormwater can be infiltrated and 
detained, as well as conveyed into HSY’s storm-
water sewer or the municipality’s stormwater 
system in a controlled manner. The property 
must be connected to HSY’s stormwater sewer 
if it is located in the stormwater sewerage area. 
Even if the property owner infiltrates storm-
waters in their property, this does not remove 
the obligation to join HSY’s stormwater sewer 
system. 

As a rule, stormwater conducted into the storm-
water sewer network is not treated, but rather dis-
charged into water bodies as such. Stormwaters 
must not be conducted into the wastewater sewer 
network.

The most important steering measures and leg-
islation on stormwater management in Finland are:
 • The Land Use and Building Act (132/1999) and its 

amendment (682/2014)
 • The Water Services Act (119/2001)
 • The Water Act (587/2011)
 • The Flood Risk Management Act (620/2010)
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Importantly, the Land Use and Building Act was 
amended in 2014 to reduce stormwater damage to 
the environment and property, to require munici-
palities to develop integrated stormwater manage-
ment in areas where a local detailed plan is in force, 
to infiltrate and detain stormwater at the source 
and to promote giving up the practice of convey-
ing stormwater into wastewater sewers (City of 
Helsinki 2018). In addition, a comprehensive guide 
of the Association of Finnish Local and Regional 
Authorities (Kuntaliitto 2012) on stormwater man-
agement emphasises integrated stormwater man-
agement and source control.  

Furthermore, municipalities must assess storm-
water flood risks according to the law (Act 620/ 
2010). This means carrying out an initial assess -
ment of stormwater flood risks and naming pos-
sible significant stormwater flood risk areas. If 
this assessment reveals such significant stormwa-
ter flood risk areas, then the municipality needs 
to develop more detailed assessments, flood risk 
maps and stormwater management plans.

5.2.3 Report on measures for green or 
nature-based stormwater management

While stormwater has earlier been connected with 
drainage and underground structures, it is nowadays 
increasingly seen as a resource and an opportunity 
to create attractive and interesting living spaces for 
city dwellers. In addition, natural or nature-based 
management solutions are emphasised, and storm-
water is directed as part of the natural water cycle 
in stormwater management planning.

One aim of the RAINMAN project was to develop 
measures for green stormwater management in the 
Helsinki Metropolitan Area. This was translated into 
a report introducing “alternative green solutions” 
to reduce the negative impacts of stormwater tar-
geted at the four land use types defined in the pro-
ject (Kautto 2022). Such solutions were considered 
to include various types of “green”, “natural” or 
“nature-based” stormwater management struc-
tures (see section 2.3.2). 

The findings of Kautto (2022) suggest that the 
HMA cities prefer the use of the term “natural” 

stormwater management, among other reasons, 
due to the established use of the term in national-
level stormwater-related legislation and guid-
ing documents, as well as city-level stormwater 
management programmes (already before the 
European Commission defined nature-based solu-
tions in 2015). These solutions can include technical 
structures or be artificially implemented, but also 
support nature’s structures and take into account 
values beyond stormwater management. Therefore, 
a common term “nature-based solutions” was 
adopted in the report as an umbrella term to refer 
to more sustainable approaches to stormwater 
management.

The aim was to address the following questions:
 • How is a “green” or “nature-based” stormwater 

management solution defined?
 • What are the good practices and solutions for 

stormwater management in the HMA cities?
 • Are certain types of solutions favoured? What 

kinds of solutions are currently planned?
 • What are the co-benefits?
 • How are these solutions monitored or maintained?
 • What types of governance structures or strategies 

cities have been adopted or put in place?
 • What factors have facilitated these solutions, and 

what obstacles still remain?

Kautto (2022) intended to answer to these ques-
tions, among other matters, by highlighting a set of 
nature-based stormwater management solutions in 
the HMA (see Table 1 and Fig. 27). These solutions 
were selected based on discussions and interviews 
with the cities’ staff, as well as findings in the lit-
erature. In addition, different land use types were 
attempted to be exhibited. By providing a snapshot 
of the definitions, types of solutions, co-benefits, 
monitoring and maintenance, as well as governance 
structures and strategies for nature-based solutions 
for stormwater management, Kautto (2022) has also 
examined the prerequisites of cities to implement 
nature-based stormwater management solutions.

Fig. 27. Selected sites to showcase nature-based stormwater management solutions by land use type in the Helsinki 
Metropolitan Area. Photos: Mikko Käkelä, HSY (first three photos) and Julius Jansson, Unsplash (Helsinki’s  
historical city centre).
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stormwater management, among other reasons, 
due to the established use of the term in national-
level stormwater-related legislation and guid-
ing documents, as well as city-level stormwater 
management programmes (already before the 
European Commission defined nature-based solu-
tions in 2015). These solutions can include technical 
structures or be artificially implemented, but also 
support nature’s structures and take into account 
values beyond stormwater management. Therefore, 
a common term “nature-based solutions” was 
adopted in the report as an umbrella term to refer 
to more sustainable approaches to stormwater 
management.

The aim was to address the following questions:
 • How is a “green” or “nature-based” stormwater 

management solution defined?
 • What are the good practices and solutions for 

stormwater management in the HMA cities?
 • Are certain types of solutions favoured? What 

kinds of solutions are currently planned?
 • What are the co-benefits?
 • How are these solutions monitored or maintained?
 • What types of governance structures or strategies 

cities have been adopted or put in place?
 • What factors have facilitated these solutions, and 

what obstacles still remain?

Kautto (2022) intended to answer to these ques-
tions, among other matters, by highlighting a set of 
nature-based stormwater management solutions in 
the HMA (see Table 1 and Fig. 27). These solutions 
were selected based on discussions and interviews 
with the cities’ staff, as well as findings in the lit-
erature. In addition, different land use types were 
attempted to be exhibited. By providing a snapshot 
of the definitions, types of solutions, co-benefits, 
monitoring and maintenance, as well as governance 
structures and strategies for nature-based solutions 
for stormwater management, Kautto (2022) has also 
examined the prerequisites of cities to implement 
nature-based stormwater management solutions.

Table 1. Selected nature-based stormwater management solution sites in the Helsinki Metropolitan Area.

Name City Land use type Construction 
year

Management type Solution

Fannynkallio residential 
area, Kuninkaantammi 
ecological district 

Helsinki Developing/ 
densely built-up 
area

2019 On source  
management,  
conveying,  
detention & infiltration

Permeable surfaces, 
green roofs, rain 
gardens

Helene Schjerfbeck’s 
park, Kuninkaantammi 
ecological district 

Helsinki Green or natural/ 
developing area

2018 On source  
management,  
conveying, detention & 
infiltration

Streams, channels, 
swales, detention 
basins and wetlands 

Maunulanpuisto park Helsinki Green or natural 
area

2015 Detention & infiltration Detention basins, 
biofiltration area, 
ditch

Merituulentie road Espoo Developing/ 
densely built-up 
area

2018 Detention & infiltration Biofiltration swales

Huhuilijanpuisto park Espoo Green or natural 
area

2013 Conveying, detention 
& infiltration

Wetland, ditch

Koisotie road snow 
reception area 

Vantaa Green or natural 
area

2013 Conveying, detention 
& infiltration

Biofiltration area, 
wetland

Meiramitie road Vantaa Densely built-up 
area

2014 Detention & infiltration Biofiltration swales

Skvatterbäck creek Kauniainen Green or natural 
area

2009 Conveying, detention Creek

Fig. 27. Selected sites to showcase nature-based stormwater management solutions by land use type in the Helsinki 
Metropolitan Area. Photos: Mikko Käkelä, HSY (first three photos) and Julius Jansson, Unsplash (Helsinki’s  
historical city centre).
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5.3 Solutions and recommendations 

5.3.1 Green solutions

According to Kautto (2022), the stormwater solu-
tions that the HMA cities implement are often 
hybrid solutions, that is, including both green and 
grey infrastructure. This is probably because of 
dense building in the cities. The lack of space that 
nature-based solutions often require leads at least 
partly to underground structures, such as cassettes 
and pipes, with aboveground infiltration and deten-
tion structures. 

One can see the variety of nature-based solutions 
applied in the HMA cities from Table 1. In many 
cases, the solutions combine different structures or 
elements. Most of the selected sites were situated in 
green or natural areas, indicating that it is easier to 
establish nature-based structures in areas that are 
natural, e.g., on the edge of parkland.  

In Helsinki, which has the highest built-up area 
among the HMA cities (39%), detention and sedi-
mentation basins are reported as the most com-
mon structures. However, other solutions have also 
been implemented (or are partly still in develop-
ment), such as those in the Kuninkaantammi eco-
logical district. While Helsinki is the only city in 
the HMA possessing the historical built-up land 
use type, no nature-based solutions were found to 

have been implemented in the historical city cen-
tre, and the stormwater is directed straight to the 
combined sewerage. This is because Helsinki city 
centre includes a lot of underground infrastructure 
that prevents basic types of stormwater infiltration 
structures. Temporary solutions, such as green-
ery in parking spaces, could be implemented, not 
because of stormwater management but to enhance 
the area’s attractiveness. 

Helsinki’s stormwater management pilot area 
of Kuninkaantammi, a developing ecological dis-
trict that has been half constructed, includes new 
design solutions in parks and residential areas 
(Fig. 28 and Fig. 29). While it is still rather early 
to determine how well the stormwater pilot area 
is functioning, especially from the stormwater 
quality point of view, one study has investigated 
whether the stormwater management solutions of 
Kuninkaantammi have affected the water quality 
in the nearby Hakuninmaanoja stream when com-
paring the period before construction with that 
after the construction of one portion of the dis-
trict. The study concluded that the water quality 
of Hakuninmaanoja stream appears satisfactory or 
good regarding most variables studied, regardless 
of the construction activities (Sanaslahti 2019).

 

Fig. 28. In Kuninkaantammi’s Fannynkallio residential area, Helsinki, the main design principle has been diverse 
vegetation that utilises the conveyed surface waters. Walkways have permeable pavements, and the topography 
of the area was designed so that surface waters are directed to rain gardens. Green (or vegetated) roofs were 
installed on low yard buildings and carports. Photo: Mikko Käkelä, HSY.
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Fig. 29. Helene Schjerfbeck’s park in the Kuninkaantammi district, Helsinki, exhibits the application of the latest  
knowledge on handling stormwater at the place of origin and conveying it to wetlands and pools, where it is 
detained. The park acts as a flood meadow in which plant islands symbolise the palette colours of the famous 
painter Helene Schjerfbeck. Photo: Mikko Käkelä, HSY.

In Espoo, with 20% of its surface area built-up 
(the lowest among the HMA cities), wetlands and 
stormwater basins are frequently built and utilised, 
and thus clearly favoured. The choice of solution 
largely depends on the management need and how 
the solutions are maintained, as well as on the val-
ues of attractiveness, recreation and nature. One of 
the sites selected was the Merituulentie road, along 
which biofiltration swales (sand-based and biochar-
based) have been installed (Fig. 30). The swales are 
part of the decentralised stormwater management 
plan of the surrounding area, which is develop-
ing but also densely built-up. There is a creek in 
the area that has flooded in recent years, and the 
management plan aims to reduce the flow peaks, 
as well as to slow down, direct and purify storm-
water with different types of nature-based struc-
tures. Project research included monitoring of the 
functioning of the biofiltration systems in 2018. It 
was found that the sand-based structure consider-
ably reduced the concentrations of several elements 
in the stormwater (e.g., solid matter by 97% and 
phosphorus by 63%) (Kerkkänen et al. 2019).

In Vantaa, with 29% of its surface area built-up, 
about 50 management structures have been built in 
the last 20 years, mainly aboveground structures 
such as detention pools, wetlands and biofiltration 
areas. Koisotie road’s snow reception area (Fig. 31) 
was built almost ten years ago, so it is one of the 
oldest solution sites showcased by Kautto (2022). 

It includes a biofiltration area that is designed to 
purify the snow melt water of the snow reception 
area. The stormwater that has passed through the 
biofiltration area is directed to a wetland. These 
appear to have been functioning well, although only 
one water measurement sampling is known to have 
been taken a few years ago to test for heavy metals. 
The site acts as a good example of recreational and 
landscape enhancing benefits combined with the 
management of stormwater quantity and quality.

In Kauniainen, the smallest city compared to the 
other three major cities in the HMA and with 24% of 
its surface area built-up, open ditches and depres-
sions are mainly favoured in treating stormwaters. 
This is because the city is hilly and rocky with nar-
row street networks. Furthermore, the small city 
is entirely surrounded by the City of Espoo and the 
stormwater is discharged into Espoo. Hence, an 
attempt has been made to reduce the point load to 
Espoo by retaining and detaining stormwaters as 
much as possible. The Skvatterbäck creek, which 
flows through Kauniainen’s Thurmaninpuisto park, 
an important recreational area, collects stormwa-
ters from the city centre (Fig. 32). The original creek 
was modified to make it more nature-based and 
to add detention areas for water. The plants along 
the creek have been carefully selected so that they 
bloom at different times of the year and withstand 
changing conditions. No stormwater quality moni-
toring has been carried out in the creek. 
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Based on the findings of Kautto (2022), the fol-
lowing points are determined as facilitating factors 
or drivers for nature-based solutions for stormwa-
ter management: 
 • There are national-level steering measures and 

legislation in place that support integrated and 
nature-based stormwater management, includ-
ing requiring municipalities to develop integrated 
stormwater management in areas where a local 
detailed plan is in force.  

 • City-level stormwater management programmes 
dictate that the management, treatment and con-
veying of stormwater follows the priority order 
set by the national-level stormwater legislation. 
They also recognise the values beyond stormwa-
ter quantity and quality management. 

 • There is a dedicated body, such as a stormwater 
management working group, including all rel-
evant actors and ensuring seamless communica-
tion and cooperation on stormwater management 
issues. 

 • Green Factor and Green Efficiency tools, such as 
those used in Helsinki and Vantaa, support the 
aims to increase green areas and nature-based 
solutions in the city. 

Fig. 32. Skvatterbäck creek flows through Thurmaninpuisto park, Kauniainen, which is an important recreational 
area for the residents. Vegetation in the park has been carefully selected to reduce the need for maintenance, to 
withstand changing conditions and to make the area more attractive. Photo: Mikko Käkelä, HSY.

Fig. 30. The biofiltration swales along Merituulentie road in Espoo are part of the decentralised stormwater man-
agement plan for the surrounding area. The objective of the bioswales is to manage the quantity and quality of 
stormwater, and to reduce the nutrient and metal load to the Gräsanoja trout creek. Photo: Mikko Käkelä, HSY.

Fig. 31. In Vantaa, Koisotie road’s snow reception area in Tikkurila central park includes a biofiltration area that 
is designed to purify the snow melt water. Most of the biofiltration area is covered by plants that have been 
selected based on their ability to withstand moisture and high salt concentrations. Photo: Mikko Käkelä, HSY.
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Fig. 32. Skvatterbäck creek flows through Thurmaninpuisto park, Kauniainen, which is an important recreational 
area for the residents. Vegetation in the park has been carefully selected to reduce the need for maintenance, to 
withstand changing conditions and to make the area more attractive. Photo: Mikko Käkelä, HSY.

Based on the findings of Kautto (2022), the fol-
lowing points are determined as facilitating factors 
or drivers for nature-based solutions for stormwa-
ter management: 
 • There are national-level steering measures and 

legislation in place that support integrated and 
nature-based stormwater management, includ-
ing requiring municipalities to develop integrated 
stormwater management in areas where a local 
detailed plan is in force.  

 • City-level stormwater management programmes 
dictate that the management, treatment and con-
veying of stormwater follows the priority order 
set by the national-level stormwater legislation. 
They also recognise the values beyond stormwa-
ter quantity and quality management. 

 • There is a dedicated body, such as a stormwater 
management working group, including all rel-
evant actors and ensuring seamless communica-
tion and cooperation on stormwater management 
issues. 

 • Green Factor and Green Efficiency tools, such as 
those used in Helsinki and Vantaa, support the 
aims to increase green areas and nature-based 
solutions in the city. 

 • The process of developing a nature-based storm-
water management solution considers monitor-
ing and maintenance (e.g., by directing funds 
and including the maintenance staff and other 
essential personnel at an early stage). 

 • Stormwater management data are organised 
into a city-level maintenance card file (such as 
in Vantaa and Espoo) that can help keep track of 
maintenance needs and offer ways to develop old 
operation models.  

 • Monitoring and impact evaluation of nature-
based solutions are essential to be able to 
determine their success, as well to support 
evidence-based land use planning and policy 
making. They also support increasing the under-
standing of the benefits and trade-offs of nature-
based solutions.

 • Documenting and sharing both successes and 
failures in implementing nature-based solutions 
can serve as learning for others, increase under-
standing of the function of various solutions, and 
strengthen cooperation among various actors.

 • An increasing amount of impermeable surfaces 
and densification lead to a lack of space to imple-
ment nature-based solutions. However, when 

Fig. 31. In Vantaa, Koisotie road’s snow reception area in Tikkurila central park includes a biofiltration area that 
is designed to purify the snow melt water. Most of the biofiltration area is covered by plants that have been 
selected based on their ability to withstand moisture and high salt concentrations. Photo: Mikko Käkelä, HSY.

Fig. 30. The biofiltration swales along Merituulentie road in Espoo are part of the decentralised stormwater man-
agement plan for the surrounding area. The objective of the bioswales is to manage the quantity and quality of 
stormwater, and to reduce the nutrient and metal load to the Gräsanoja trout creek. Photo: Mikko Käkelä, HSY.
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changing the purpose of areas, for instance, when 
industrial areas are converted to residential areas, 
there is an opportunity to remove impermeable 
surfaces and replace them with green areas and 
nature-based solutions. Roof spaces can also 
offer opportunities to introduce nature-based 
solutions.

Hindering factors such as community opposi-
tion can already be addressed in the design phase 
when the local context and aim of the stormwater 
management structures are carefully considered.  

5.3.2 Green Factor Tools: plot-
level and larger scale tools 

A Green Factor tool is one way to ensure a sufficient 
area of vegetation in new built areas when the city 
structure becomes denser. The Green Factor, which 
is a plot-level tool, is the ratio of the scored green 
area to the plot area. The more vegetation, per-
meable surfaces and stormwater solutions a plot 
has, the higher the factor is. The idea for the Green 
Factor originated in Berlin in the 1980s.
 
Green Factor Tool (plot level)
The Green Factor that is being used in the Helsinki 
Metropolitan Area was developed in 2014 and fur-
ther improved in 2017. The first sites in which the 
Green Factor was used in planning were built in 
Finland in 2019.  The tool is currently being used 
in city planning in Helsinki and Vantaa.

The different green elements have different 
scores that represent their importance. Ecological, 
functional and cityscape values and maintenance 
aspects were considered in scoring the green ele-
ments. For example, a preserved large tree has a 
score of 3.5, a preserved small tree has a score of 
3.0, a rain garden has a score of 2.8 and a lawn 1.1. 
The Green Factor is the sum of scored green areas 
divided by plot area. Due to the scoring, the Green 
Factor can be above 1.0. Different land use classes 
have different Green Factor target levels as follows: 
Residential Area 0.9, Services 0.8, Commercial 0.6, 
Industry and Logistics 0.5. The target levels are 
based on city decisions.

The tool is an Excel file that can be downloaded 
from the cities’ websites, and it is available in 
English and Finnish. Planners enter into the work-
sheet the input values for the plot, as well as the 
areas and amounts of different green elements, and 
as a result, they obtain the Green Factor value, as 

well as some stormwater management metrics such 
as the stormwater volume generated in the plot and 
whether there is sufficient stormwater retention 
according to the plan. The tool also has fact sheets 
that describe the different green elements. 

The Green Factor is a relatively new tool with 
little follow-up data. Biodiversity is not enhanced if 
all planners use the same plants, and for city plan-
ning, it is a very detailed tool intended for plot-level 
planning. 

Green Area Factor Tool (larger scale)
In addition to plot-level planning, a broader per-
spective needs to be considered. For this, a Green 
Area Factor for the city district level has been devel-
oped in Sweden.

It focuses on larger areas, not only plots. The 
green area tool needs a good understanding of the 
area and its ecosystem services, such as quiet areas 
and areas with high biodiversity. The Green Area 
Factor tool highlights the many benefits of green 
areas and enables the measurement of green areas 
and their many functionalities. So far, it has only 
been piloted in Helsinki, where it was found to 
function well.

In conclusion, Green Factor tools are a good way 
to bring the green elements into urban planning and 
discussion. They are practical tools to measure the 
amount and importance of green elements in urban 
areas and to set target values for green infrastruc-
ture. The plot level and larger scales need different 
approaches. More information on these tools can 
be found from IWater (n.d.) and C/O City (2020).

5.3.3 Recommendations

HSY summarises the outcomes of the RAINMAN 
project activities in the following recommendations:
 • Plan for the future
  The amount and intensity of rainfall are 

expected to increase in the future, although the 
magnitude of change will depend on how well 
the global greenhouse gas emission reduction 
targets are met. All city planning and con-
struction should be designed to be resilient 
to increasing flows of water to minimise the 
risks to infrastructure and residents’ every-
day lives. Climate change scenarios and risk 
assessments are essential in understanding 
future challenges. 

 • Make stormwater data available for city planners
  Stormwater data are necessary for planning 
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a resilient city. Spatial data on, for example, 
catchment areas, flood routes and stormwater 
structures should be available for city plan-
ners to ensure an effective and sustainable city 
structure. 

 • Ensure a sufficient amount of permeable surfaces 
  The need to make room for permeable sur-

faces and vegetation in inward-growing city 
structures has been recognised in the climate 
change adaptation plans of the HMA cities.

 • Adopt nature-based solutions in stormwater 
management

  Nature-based solutions are increasingly being 
adopted as a business-as-usual approach 
to stormwater management. In addition to 
stormwater quantity and quality management, 
they also help provide other benefits, such as 
supporting biodiversity, improving aesthetic 
and recreational values, and reducing the 
urban heat island effect.  

6 CASE STUDY ST. PETERSBURG 

6.1 Climate change impacts

Since 1966, the average annual temperature in the St. Peterburg area has risen by 0.49 °С / 10 years (Fig. 
33). The greatest increase has been seen in winter temperatures.

Fig. 33. Average winter air temperature (°С) (a) and duration of the freeze-free season (days) (b) in the  
St. Petersburg area.

The indices of the precipitation regime are char-
acterized by very high spatial-temporal variabil-
ity. Despite this, there is a positive trend for the 
extreme precipitation indices. The proportion of 
heavy rainfall has increased and an increase in the 
number of days with heavy precipitation (more than 
15 mm per day) has been observed (Fig. 34).

The most pronounced changes in surface air 
temperature and precipitation are projected across 

the St. Petersburg area in winter and autumn, with 
a temperature increase in the range of 4–5 °C in 
the eastern part of the area and a precipitation 
increase of 20–40% in its north-west (Fig. 35 and 
Fig. 36). By the end of the 21st century, the changes 
in temperature and precipitation are projected to 
be twice as large as compared with the change for 
2050–2059.

37



Geological Survey of Finland, Open File Research Report 6/2022
Jaana Jarva (ed.), Johannes Klein (ed.), Elena Akentyeva, Anu Eskelinen, Dinara Fasolko, Vladimir Gvozdev, Victor Ignatchik, Niina Kautto,  
Outi Kesäniemi, Irina Kostenko, Maria Mamaeva, Maaria Parry, Hanna Pasonen, Juha Rautio and Olga Zadonskaya

The decrease in the water equivalent of the 
snow cover has occurred against the background of 
increasing winter precipitation (Fig. 37). An increase 
in winter air temperature leads to an increase in 
the proportion of liquid and mixed precipitation 
(the amount of liquid precipitation has increased 
by 30%) and to a decrease in the maximum snow 
depth and maximum snow cover water equivalent. 

Fig. 34. Annual precipitation sums (mm) (a) and number of days with precipitation of more than 15 mm/day (b) 
in the St. Petersburg area.

 
Fig. 35. Future changes in the seasonal surface air temperature (°С) projected by a large ensemble of regional 
climate simulations using the MGO RCM for the period 2050–2059 (a) and 2090–2099 (b) relative to 1990–1999 
under IPCC RCP8.5.

 
Fig. 36. Future changes in the seasonal mean precipitation (%) projected by a large ensemble of regional climate 
simulations using the MGO RCM for the period 2050–2059 (a) and 2090–2099 (b) relative to 1990–1999 under 
IPCC RCP8.5.
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The decrease in the water equivalent of the 
snow cover has occurred against the background of 
increasing winter precipitation (Fig. 37). An increase 
in winter air temperature leads to an increase in 
the proportion of liquid and mixed precipitation 
(the amount of liquid precipitation has increased 
by 30%) and to a decrease in the maximum snow 
depth and maximum snow cover water equivalent. 

However, despite a general decrease in the water 
equivalent of the snow cover in some years, their 
extreme values are still possible.

The values of monthly and daily precipitation 
in St. Petersburg according to observed values and 
model estimates by the middle of the 21st century 
are presented in Table 2 and Table 3.

 

Fig. 35. Future changes in the seasonal surface air temperature (°С) projected by a large ensemble of regional 
climate simulations using the MGO RCM for the period 2050–2059 (a) and 2090–2099 (b) relative to 1990–1999 
under IPCC RCP8.5.

Fig. 34. Annual precipitation sums (mm) (a) and number of days with precipitation of more than 15 mm/day (b) 
in the St. Petersburg area.

Fig. 36. Future changes in the seasonal mean precipitation (%) projected by a large ensemble of regional climate 
simulations using the MGO RCM for the period 2050–2059 (a) and 2090–2099 (b) relative to 1990–1999 under 
IPCC RCP8.5.

 

Fig. 37. Different types of precipitation (mm) (a) and maximum water equivalent of snow cover (mm) (b) in the 
St. Petersburg area.

Table 2. Observed (1936–2019) and projected monthly precipitation (mm) in St. Petersburg by the middle of the 
21st century (2050–2059), obtained by the regional climate model of the MGO (MGO RCM) with an estimate of 
the uncertainty due to the natural variability of the climate system.

Months Average monthly  
precipitation (mm) 

for the period  
1936–2019

Projected average monthly 
precipitation (mm) by the middle 
of the 21st century (2050–2059), 
obtained by the MGO regional 

climate model (MGO RCM)

1 40 50 ± 12

2 33 38 ± 10

3 32 42 ± 17

4 35 43 ± 7

5 42 45 ± 8

6 59 59 ± 13

7 77 84 ± 16

8 80 93 ± 28

9 61 76 ± 18

10 60 72 ± 16

11 53 66 ± 15

12 46 59 ± 18
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Table 3. Estimated (1936–2019) and projected maximum one-day rainfall (mm) by the middle of the 21st century 
(2050–2059) in St. Petersburg.

Probability of 
exceedance

Estimated daily 
maximum  

precipitation (mm) 
for the period 

1936–2019

Projected maximum one-day 
rainfall (mm) by the middle of 
the 21st century (2050–2059), 
obtained by the MGO regional 

climate model (MGO RCM)

1% 88 100 ± 13

50% 30 36 ± 7

63% 27 32 ± 5

According to the MGO RCM, the intensity of pre-
cipitation is likely to increase even further by the 
middle of the 21st century. The maximum amount 
of precipitation falling within 1 hour in the St. 
Petersburg region may increase by 20–30% (Fig. 
38).

The projected precipitation intensity in 20 
minutes with 63% probability of exceedance will 
increase by the middle of the 21st century by about 
15–30% in the St. Petersburg area and will be 70–80 
l/s per hectare, i.e., 8.4–9.6 mm in 20 minutes.

The main water body of St. Petersburg, the Neva 
River, is not affected by changes in precipitation 
intensity, as a feature of its water level regime is the 
absence of rain-induced floods. This is explained 
by the insignificance of such floods in compari-
son with the volume of water entering the Neva 
River from Lake Ladoga. The water level regime of 
the Neva River is very peculiar and complex. Water 
discharges, storm surges and ice jams all combine 
in different ways in time and along the length of 
the river. For the purpose of modelling, high water 
levels (annual, spring snow melt flood, summer–
autumn surge flood, winter ice-jam flood) of dif-
ferent probability levels (1, 2, 5, 10, 20 and 25%) 
were calculated at six streamflow measuring sta-
tions: Neva - Novosaratovka (27 km from the mouth 
of the Neva river), Neva - Obukhov Plant, Neva - 
Okhta Bridge, Neva - Liteiny Bridge, Neva - Mining 
Institute (mouth) and Neva - Malaya Nevka.

To analyse changes in the maximum water levels 
in small rivers of St. Petersburg, data were collected 
from 29 comparable rivers located in the Leningrad, 
Pskov and Novgorod regions under similar physi-
cal and geographical conditions. Only some rivers 
have a more frequent onset of maximum discharges 
and levels in the summer–autumn period, which is 
associated with an increase in the number of rainfall 
events and their intensity. On all rivers, there is 
an increase in runoff during the winter low water 

Fig. 38. Future changes in the precipitation intensity 
for 1 hour in summer (%) projected by a large ensemble 
of regional climate simulations using the MGO RCM 
for the period 2050–2059 relative to 1990–1999 under 
IPCC RCP8.5.

period and a decrease in runoff in the spring snow 
melt flood.

The processes that threaten freshwater quality 
in St. Petersburg are:
 • An increase in the frequency and intensity of 

rainfall events (increased load of nutrients and 
harmful substances);

 • An increase in temperature (algal blooms in water 
bodies);

 • An increase in the length of the open-water 
period (warming of water bodies and water-
courses, earlier and more intense algal blooms);

 • Stormwater collection (water inflow reduction, 
stagnation);

 • Wastewater discharge (environmental 
degradation);

 • Violation of melioration systems (changes in 
water inflow and stagnation zones);

 • Discharge of cooling water (large amounts of 
cooling water increase the water temperature in 
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surface waters and change the natural hydrologi-
cal regime).

Identified climate sensitive elements:
 • The Neva River water levels (including maxi-

mum levels and their onset time): sensitive to air 
temperature (ice jams and flood waves from the 
Ladoga Lake), cyclonic patterns (storm surges), 
winds (wind set-up);

 • Water levels of small rivers (including maximum 
levels and their onset time): sensitive to air tem-

perature in winter and spring periods (winter and 
spring flood), precipitation, number and duration 
of heavy rains (storm runoff);

 • The quality of water bodies (nutrients and harm-
ful substances concentrations, algal blooms, 
etc.):  sensitive to the frequency and intensity 
of showers, temperature, length of the open-
water period, management of storm, drainage 
and wastewater.

6.2 Stormwater management

The study of the dynamics of climate change made 
it possible to identify an important feature for the 
hydraulic calculations of drainage networks (Volkov 
et al. 2021). There has been an increase not only 
in the total amount and intensity of rainfall, but 
also in the number of extreme precipitation events 
(cloudbursts). At the same time, the distribution 
of extreme rainfall over the territory is affected 
by its microclimatic features. The extreme rainfall 
distribution has been shown to depend, for exam-
ple, on the time of the day, altitude of the area and 
topography (mountainous or coastal). As a result, it 
has become evident that the distribution of intense 
rainfall has a focal rather than a linear nature, as it 
is laid down in the current set of rules of the Russian 
Federation. 

The revealed patterns emphasize the relevance 
of this issue but cannot be taken into account when 
calculating rainfall characteristics for surface runoff 
networks. This is because the rainfall values used in 
regulations and norms were obtained for territories 
whose areas significantly exceed even the largest 
utilities’ catchment areas. For this reason, it became 
necessary to carry out empirical studies on surface 
runoff discharge under real conditions.

The sewage system of St. Petersburg was adopted 
as an empirical base. A network of 34 automatic 

rain gauges recording at 5-minute intervals was 
established, and a database of measurement results 
for 6 years was used as empirical information. The 
empirical research methodology provided for the 
construction and comparison of probability curves 
to determine the dependences of precipitation 
intensities on their recurrence for basins with dif-
ferent and similar microclimatic conditions. 

Examples of different microclimatic conditions 
are as follows:
 • The territory of St. Petersburg and two locations 

equipped with rain gauges, one of which is in the 
Gulf of Finland and the other in the Leningrad 
region. The research results are presented in 
Figure 39.

 • The right-bank and left-bank parts of the ter-
ritory of St. Petersburg. The research results are 
presented in Figure 40.

The eastern and western parts of St. Petersburg 
are taken as an example of similar microclimatic 
conditions. At the same time, a line dividing the city 
into approximately two equal parts was taken as the 
border without accounting for climatic features. The 
research results are presented in Figure 41.

41



Geological Survey of Finland, Open File Research Report 6/2022
Jaana Jarva (ed.), Johannes Klein (ed.), Elena Akentyeva, Anu Eskelinen, Dinara Fasolko, Vladimir Gvozdev, Victor Ignatchik, Niina Kautto,  
Outi Kesäniemi, Irina Kostenko, Maria Mamaeva, Maaria Parry, Hanna Pasonen, Juha Rautio and Olga Zadonskaya

The results obtained from empirical data and 
probabilistic-statistical modelling during the 
implementation of the recommended measures at 
the pilot facilities allow us to draw the following 
conclusions:
1. The data from the automated rain gauge network 

allow for the calculation of rainfall probability– 
intensity distributions. 

2. The urban environment of St. Petersburg has a 
microclimate that differs from the climate outside 
of the city. In addition, there are several microcli-
matic zones in the city in which the dependences 
of precipitation intensities on their frequency can 
differ significantly. At the same time, the dif-
ferences in rainfall intensity appear for return 
periods of 1.5–2 years and higher. Differences in 
rainfall intensity were not observed for shorter 
return periods (see Fig. 41). The results are con-
sistent with:
a. the research results presented in Section 6.1, 

indicating the uneven dynamics of changes in 
the intensity of the calculated rainfall;

b. other authors, who have empirically estab-
lished that the frequency of extreme rains 
increases in those areas of cities, usually  

Fig. 39. Results of the analysis of data on the precipitation amount that fell over a 20-minute time interval:  
1 - data from the territory of St. Petersburg; 2 - data from two points located outside St. Petersburg; 3,  
4 - results of data approximation from the territory of St. Petersburg and data from two points located outside of it;  
5 – normed precipitation probability for St. Petersburg.

Fig. 40. Results of the analysis of data on the precipitation amount that fell over a 20-minute time interval.  
1 - data from the right-bank part of the territory of St. Petersburg; 2 - data from the left-bank part of the territory 
of St. Petersburg; 3 – normed precipitation probability for St. Petersburg; 4, 5 - results of data approximation 
from the right-bank and left-bank parts of the territory of St. Petersburg.
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Fig. 41. Results of the analysis of data on the precipitation amount that fell over a 20-minute time interval.  
1 - data from the western part of the territory of St. Petersburg; 2 - data from the eastern part of the territory 
of St. Petersburg; 3 – normed precipitation probability for St. Petersburg; 4 - results of data approximation for 
the entire territory of St. Petersburg.

The results obtained from empirical data and 
probabilistic-statistical modelling during the 
implementation of the recommended measures at 
the pilot facilities allow us to draw the following 
conclusions:
1. The data from the automated rain gauge network 

allow for the calculation of rainfall probability– 
intensity distributions. 

2. The urban environment of St. Petersburg has a 
microclimate that differs from the climate outside 
of the city. In addition, there are several microcli-
matic zones in the city in which the dependences 
of precipitation intensities on their frequency can 
differ significantly. At the same time, the dif-
ferences in rainfall intensity appear for return 
periods of 1.5–2 years and higher. Differences in 
rainfall intensity were not observed for shorter 
return periods (see Fig. 41). The results are con-
sistent with:
a. the research results presented in Section 6.1, 

indicating the uneven dynamics of changes in 
the intensity of the calculated rainfall;

b. other authors, who have empirically estab-
lished that the frequency of extreme rains 
increases in those areas of cities, usually  

historical ones, in which there is a smaller 
amount of green spaces and, accordingly, 
a higher degree of surface overheating in 
summer;

3. The dependence of the precipitation intensity on 
the frequency for different districts of the city, 
divided administratively or conventionally with-
out identifying microclimatic zones, practically 
does not differ.

4. The dependence between the calculated rainfall 
rate return periods (p), as defined in regula-
tion SP 32.13330.2018 (Ministry of Construction, 
Housing and Utilities of the Russian Federation 
2018), leads to an underestimation of rainfall 
intensities in urban microclimatic zones for 
return periods longer than one year. Regulation 
SP 32.13330.2018 establishes the design rules for 
newly built and reconstructed wastewater dis-
posal systems, external networks and permanent 
structures for household wastewater and surface 
(rain and meltwater) runoff, as well as industrial 
wastewater. The normed precipitation probability 
in the regulatory documents provides designers 
with parameters of the probability of precipita-
tion for St. Petersburg.

Fig. 40. Results of the analysis of data on the precipitation amount that fell over a 20-minute time interval.  
1 - data from the right-bank part of the territory of St. Petersburg; 2 - data from the left-bank part of the territory 
of St. Petersburg; 3 – normed precipitation probability for St. Petersburg; 4, 5 - results of data approximation 
from the right-bank and left-bank parts of the territory of St. Petersburg.

Fig. 39. Results of the analysis of data on the precipitation amount that fell over a 20-minute time interval:  
1 - data from the territory of St. Petersburg; 2 - data from two points located outside St. Petersburg; 3,  
4 - results of data approximation from the territory of St. Petersburg and data from two points located outside of it;  
5 – normed precipitation probability for St. Petersburg.
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Taking into account the above conclusions and 
using the information obtained from flow meters, a 
list of measures (engineering and urban planning) 
was developed aimed at adapting the pilot facilities 
of St. Petersburg.

To assess the current climate change impacts on 
the quality of freshwater, a total of 12 water samples 
were taken from three small rivers. The discharge of 
water and water temperature were measured at the 
same time. During water sampling, the discharge 

varied from 0.1 to 0.55 m3/s. Different chemical 
parameters were analysed in stream waters: pH, 
BOD5, COD, suspended solids, Ntot, N-NH4, Ptot, 
petroleum products, chloride, Fe, Mn, Zn and Pb. 
No significant correlation was found between the 
amount of rainfall and concentrations of the ana-
lysed chemical parameters. The possible reason may 
be that no more than 11 mm of precipitation was 
observed in the sampling period.

6.3 Solutions and recommendations

Drainage systems can be adapted to the impacts of 
climate change either by adapting the operation of 
the system or adapting the design of the system 
(Volkov et al. 2020c). The following measures could 
be applied to the operation of the sewerage system 
in St. Petersburg:
1. Reduction of runoff ratios, i.e., reducing the 

share of rainwater that enters the drainage sys-
tem (development of green infrastructure, use of 
permeable surfaces and coatings in construction).

 – Green infrastructure planning provides a 
richer green infrastructure for the construction 
or reconstruction of new sites in a dense urban 
environment (green technology - provides a 
higher green ratio in existing development; 
installation of permeable surfaces - provides 
a lower runoff ratio).

2. An increase in the specific control volume (reten-
tion of water in the system, construction of con-
trol reservoirs).

 – The retention of water in the system or con-
struction of regulating reservoirs provides a 
decrease in peak (maximum) wastewater flows 
due to the construction of additional regulating 
volumes in the network.

 – The introduction of a mechanism to increase 
the specific control volume is recommended, 
mainly through the construction of control 
reservoirs. However, after justifying the size 
of the tanks, in accordance with the current 
regulatory enactments, it is necessary to verify 
the actual regulation ratios through dynamic 
modelling. The need for this measure follows 
from the fact that the regulatory methods for 
calculating reservoirs are imperfect, and the 
calculated parameters of rainfall are outdated. 

3. Increase in the utilization rate of the regulating 
volume (regulation of the water flow)

 –  Water retention in the system or the regulation 
of the water flow provides a decrease in the 
peak (maximum) amount of wastewater due to 
a more complete use of the regulating volumes 
available in the networks (virtual tanks).

 – It is recommended to introduce a mechanism 
to increase the utilization rate of the regulating 
volume using a system for the automated reg-
ulation of wastewater flows with a simultane-
ous increase in the regulating volumes. At the 
same time, in order to increase the efficiency 
of regulation, it is advisable to build several 
control reservoirs located at different points 
in the catchment area. This will minimize the 
emerging problems of this mechanism.

4. Reduction or management of the hydraulic head 
(high water level) in drainage networks by con-
trolling the downstream sections or by closing the 
sluice gates (vertically moving metal shutters)

5. Increase in the number and estimated flows of 
storm drains

 – Sewerage system design, taking into account 
the climate change scenarios, includes the 
updating of design regulations.

In St. Petersburg, the SUE Vodokanal plans to 
continue to work within the framework of hydraulic 
modelling under the Program for the Automated 
Water Discharge Management System to obtain 
results that can be implemented in the city as 
a whole as measures to prevent flooding. This 
includes calculation of the required number of rain-
water outlets, the use of virtual tanks, the possibil-
ity of reducing flow ratios, increasing the specific 
regulating volume by increasing the volume of wells 
that contain necks and operational chambers, and 
so on. For each typical zone, it is possible to choose 
an appropriate engineering solution.
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The list of priority adaptation measures for 
urban flooding should also include updating of the 
regional methodological document “RMD 40-20-
2016 St. Petersburg. Construction of water sup-
ply and sewerage networks in St. Petersburg” by 
developing additional sections on the design of sur-
face runoff networks and tunnel collectors taking 
into account the dynamics of climate change. The 
regional methodological document system regulates 
urban planning activities in St. Peterburg. It is used 
in construction on the territory of St. Petersburg 
in accordance with the order of the Committee for 
Construction of St. Petersburg. The current Code 
of Rules for climatic parameters, which is used 
to determine rainfall intensity, does not take into 
account future scenarios of climate change, and 
rainfall intensities are based on 35-year-old data. It 
is advisable to develop and approve climatic param-
eters in St. Petersburg at the level of a regional 
methodological document.

The operation of drainage system catchment 
areas in the most vulnerable territories of St. 
Petersburg was modelled to analyse the effective-
ness of the adaptation mechanisms for wastewa-
ter disposal systems in the face of climate change, 
taking into account the prospects for the territorial 
development of St. Petersburg.

Calibration of the calculated hydraulic models 

was carried out by conducting field measurements 
of flow rates, flows and water levels during periods 
of dry weather and during periods of precipitation. 
This was done by using three non-contact radar 
flow meters, an electromagnetic velocity meter 
and a flow meter for free-flow streams that were 
installed during the RAINMAN project. The cali-
bration results indicate that in “dry” weather the 
flow rates according to the model are slightly lower 
than the actual rates, which confirms the presence 
of infiltration in the networks. In the rainy season, 
the situation is the reverse. Model flow rates are 
slightly higher than actual rates, since the rate of 
surface waters entering the sewer probably differs 
from the calculated value.

The simulation results indicate that, along with 
climate change, resistances play an important role 
in pressure modes, which is not taken into account 
by the Russian design standards. The simulation 
results allow us to draw the following conclusions:
 • An increase in the specific regulating volume and 

an increase in the utilization rate of the regulat-
ing volume with a systematic approach are effec-
tive mechanisms to eliminate flooding.

 • Their application allows a reduction in the maxi-
mum water flow rate by 60% on average in indi-
vidual catchment areas and an increase in the 
duration of water flow by 80–100%.

7 CONCLUSIONS 

The work of the RAINMAN project in four differ-
ent case areas in Finland and the St. Petersburg 
area provides a deeper insight into adaptation needs 
and possibilities in urban water management. The 
results in the case studies allow us to give the fol-
lowing recommendations (Fig. 42).

The governance of urban water management 
plays a crucial role in its adaptive capacity. Because 
urban water management depends on many dif-
ferent actors and organisations, a clear distribu-
tion of responsibilities is indispensable. The case 
of the Helsinki Metropolitan Area shows that the 
joint municipal service authority, the municipalities 
and the citizens and property owners each play an 
important role in urban water management, and 
their activities have to be coordinated (see section 
5.2.2). Legislation can be an enabling or restrict-
ing factor for the adaptation of urban water man-
agement. In Finland, the Land Use and Building 

Act (132/1999) and Flood Risk Management Act 
(620/2010) guide municipalities in tackling storm-
water flood risks and the Act on the Organisation of 
River Basin Management and the Marine Strategy 
(1299/2004) provides the legal background for 
groundwater protection plans. In St. Petersburg, 
regulation SP 32.13330.2018 for “Sewerage. External 
networks and structures” of the Ministry of 
Construction, Housing and Utilities of the Russian 
Federation defines rainfall intensities for certain 
return periods, but it currently seems to underes-
timate the actual rainfall intensity in St. Petersburg 
for return periods longer than one year (see section 
6.2). Planning for the future is essential in tack-
ling the impacts of climate change. Robust water 
management must be able to cope with a range of 
possible future (climatic and urban) developments 
(see sections 3.4, 4.3, 5.3 and 6.3).
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Facing an uncertain future, informed decisions 
need a sound basis of information. Some actions do 
not have to be implemented immediately, but mon-
itoring of water quality and quantity parameters 
can provide information regarding when to start 
adaptation or risk mitigation activities to safeguard 
groundwater quality (see sections 3.4 and 4.3) or 
when to act proactively to avoid flooding (see sec-
tion 6.3). In the RAINMAN project, the modelling 
of climate change impacts on groundwater recharge 
and levels, surface runoff, and the amount and flow 
of water in the sewage system provided new data 
for climate change adaptation (see sections 3.2, 3.3, 
4.2 and 6.3). While the responsibilities for urban 
water management are distributed among many 
actors, adaptive capacity strongly depends on shar-
ing information and knowledge (see section 5.3).

A good state of the environment is a precondition 
to minimize harmful climate change impacts on 
urban water management. Depending on the type of 
land use, different aspects come to the fore. In green 
or natural areas and areas with many waterbodies, 
the quality of surface waters is important. Good 
surface water quality reduces the risk of groundwa-
ter contamination through surface water infiltration 
(see section 3.3 and 4.3). In built-up areas (e.g., 
former or currently active industrial areas), soil 
contamination can be mobilized due to changes in 
the hydrological or groundwater regime. Therefore, 

it is important to avoid, reduce or remediate soil 
contamination (see sections 3.2 and 4.2). In areas 
where climate change causes more freeze and thaw 
cycles, there will be an increased need for road de-
icing. This is especially important in areas with a lot 
of paved surfaces. Salt, which has traditionally been 
used, has a negative impact on the environment. It 
is advisable to change or reduce the use of de-icing 
agents (see sections 3.4 and 4.3).

Nature-based solutions are an excellent way 
to adapt urban water management systems to the 
challenges of climate change. However, not all 
urban land use types offer space for the imple-
mentation of nature-based solutions. If there is 
a limited amount of space, hybrid solutions can 
combine nature-based solutions with grey solutions 
or, where possible, impermeable surfaces can be 
replaced by permeable surfaces (see section 5.3.1, 
5.3.2 and 6.3). In very densely built areas and in 
historical centres, the drainage of stormwater via 
the sewage system might be the only feasible solu-
tion. Under these conditions, adaptation can occur 
either through the operation of the network (e.g., 
emptying the network before a heavy rain event) or 
through grey solutions, i.e., adapting the network 
either by creating more retention space or, where 
possible, separating the stormwater and sewage 
networks (see section 5.3.1, 5.3.2 and 6.3).

Fig. 42. Summary of methods to improve the adaptive capacity of urban water management for different land 
use types ranging from green or natural areas to historical built-up areas.
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