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Introduction
CliPLivE (Climate Proof Living Environment) project was carried out in framework of the South-East Finland –
Russia ENPI CBC 2007-2013 Programme. (http://www.southeastfinrusnpi.fi/). The aim of this Programme was
to promote cross-border co-operation across the Finnish-Russian border between South Karelia, South Savo,
Kymenlaakso, Uusima, St.Petersburg and the Leningrad Region. It was co-funded by the European Union from
the European Neighborhood and Partnership Instrument (ENPI), the Russian Federation and the Republic of
Finland.

The project participants included the State Geological Unitary Company “Mineral” (SC Mineral) and two other
project partners from St. Petersburg: the A.P. Karpinsky Russian Geological Research Institute (VSEGEI) and the
Committee for Nature Use, Environmental Protection and Ecological Safety of the city of St. Petersburg, as well
as four partners from Finland: the Geological Survey of Finland (GTK), the Regional Council of Kymenlaakso,
Uusimaa Regional Council and Helsinki Region Environmental Services Authority (HSY). The city of Turku
(Department of Environment and City Planning) acted as an associate partner in the project.
The study areas were the city of St. Petersburg, the Kymenlaakso Region, the Uusimaa Region and the Helsinki
Metropolitan Area.

The project aimed to recognise the geological and environmental risks in the urban environment on the coast of
the Gulf of Finland and has produced preliminary recommendations on how to adapt these areas to climate
change impacts.

Overall project objectives:
• Assessment the integrated geological and environmental risks for the built areas in the Gulf of Finland region
caused by geological peculiarities of the region;
• Identification climate change parameters and their possible influence on geological and environmental
processes causing environmental risks for the built areas in the Gulf of Finland region;
• Developing the adaptation strategies for St. Petersburg, the Kymenlaakso region, the Uusimaa region and the
Helsinki metropolitan area through cooperation between local and regional authorities and organizations.

The eligible programme area of the South-East
Finland – Russia ENPI CBC 2007–2013
Programme, and the
case areas of the CliPLivE project: St.
Petersburg, Kymenlaakso and Uusimaa (darker
blue colour).
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• development and implementation of measures on
adaptation to climate changes including
considering the climate change factor in the
social and economic development programs of
Saint Petersburg;

Currently the climate policy in Russia is at the stage
of study and planning. The Climate Doctrine adopted
on the 17 December, 2009 has laid the foundation of
the state policy in relation to the climate change
issues and has determined core directions of
development of legal, economic and other tools
intended to ensure the security of society and state
from the adverse effects of this changes and to create
the conditions for efficient use of favorable
opportunities arising from climate change. At that a
relatively higher (in comparison to many countries
and regions of the world) sustainability potential of
Russia to adverse effects of regional and global
climate change is registered, that is due to large size
of territory, availability of significant water
resources, as well as relatively small share of
population inhabiting the areas particularly
vulnerable to the above mentioned changes.

• development and implementation of the system
of prevention of ecological and other risks
resulting from climate changes;

• ensuring the effective protection system of the
territory of Saint Petersburg from hazardous
weather and climate events including drainage
systems, hydro-technical utilities, performance of
bank protection works, taking measures on
prevention of adverse impact of water, etc.;

• certification of drainage systems and stand-alone
hydro-technical utilities in the territory of Saint
Petersburg;

A comprehensive implementation plan of Climate
Doctrine over the period up to 2020 has been
approved by the Order of the Government of the
Russian Federation in accordance to which the state
authorities of the subjects of the Russian Federation
are recommended to consider climate change when
developing social and economic development plans.
Moreover, development and implementation of
operative and long-term measures on adaptation to
climate changes and mitigation of anthropologic
effect on climate shall be marked out of the core
objectives of climate policy according to the Climate
Doctrine.

• continuous operational use of state drainage
systems of Saint Petersburg including prevention
of emergency situations and current maintenance
of the facilities of state drainage systems of Saint
Petersburg.

It shall be noted that the issues on the need of
considering climate changes are reflected only in the
Ecological policy of Saint Petersburg. Currently the
measures on adaptation to climate change are not
reflected in the social and economic development
programs of Saint Petersburg. Currently the
measures on adaptation to climate change are not
considered in the social and economic development
programs of Saint Petersburg. The systems of
prevention of ecological and other risks resulting
from climate changes as well as efficient protection
system of the territory of Saint Petersburg from
hazardous weather and climate events have not
been developed. In this regard the project CliPLivE
which considers the issues of climate change impact
on the urban economy laying a foundation for
subsequent implementation of the mentioned
measures.1. Description of the study area

The following step, a development of the
comprehensive Climate strategy of Saint Petersburg,
seems extremely urgent and is provided by the
Decree of the Government of Saint Petersburg of 18
June, 2013 No. 400 “On ecological policy of Saint
Petersburg” over the period up to 2013”.
Furthermore, according to the Ecological policy the
following mechanisms shall also be implemented
when preventing ecological and other risks resulting
from climate changes:
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1. Description of the study area
1.1. Geography, nature and climate
St.Petersburg is situated in northwest of the Russian
Federation along the shores of the Neva Bay of the Gulf of
Finland surrounding the Neva river mouth and at the
multiple islands in the Neva delta. The length of the city
from northwest to southeast is about 90 km.

Western and southwestern winds predominate at the
territory of the city, the sky is covered with clouds and the
humidity is high throughout the year. During the last
decades the main climatic parameters of the territory of
St.Petersburg has substantially changed.

St.Petersburg lies on 33 officially named islands,
particularly on the following main islands formed by the
river arms: Vasilyevsky, Petrogradsky, Krestovsky,
Kamenny, Petrovsky, Yelagin.

The territory terrain has formed as a result of the ice-flow
and ice-melt water action that caused numerous lakes.
Uplifting and lowering of earth level in the Baltic shield
area made the water level in the ice lakes frequently
change. The city territory is mostly situated at the height
of 2-3 m above the sea level, herewith the right and the left
banks of the Neva widely differ as to their terrain
parameters. The right bank of the Neva, being the highest
one, is characterized by its large relief with the vast
landscaped areas, lakes and ponds. As to the left-bank
district of the city the territory lying up to the Pulkovo
Heights is more flat with the height within 2-5 m above the
sea level. The highest area within the city boundaries is the
Duderhof Heights in the vicinity of Krasnoye Selo with the
maximum height of 176 m. The zero point of the height
and depth reference system is located at the city territory
being the point of reference for the leveling networks of
the several states (Kronstadt depth gauge).

As to water abundance, the city takes one of the first
places in the world – the water plane makes 1/10 of the
whole city territory. There are around 385 water channels
with the total length of around 800 km and 620 water
basins, the total area of which amounts to 3300 hectares.
The Neva river is deep, wide and navigable along its whole
length, it has a broad delta amounting to 1000-1200 m and
is considered to be the main waterway and thoroughfare
of the city.

The city is situated at the border of two geologic
structures: the Baltic crystalline shield and the Russian
Platform consisting primarily of sedimentary rocks.
Heavily folded metamorphosed rocks of the shield
(granitic rock, gneiss) occur at the depth of up to 200 m.
On the top they are covered by the sedimentary mantle
with the section subdivided into two rock masses: the
lower consists of densified and practically anhydrous
paste, sandstone rock of Cambrian and Vendian period,
while the lower one –of the sandy-argillaceous soil of the
Quaternary Period. The Quaternary Period sediments are
formed as a result of the multiple interchange of the glacial
and interglacial epochs causing complex geological and
hydrogeological conditions for the territory geology.

The green resources of St.Petersburg cover about 30% of
the city territory. Almost half of all city vegetation is
concentrated in the municipal forests of the suburban
districts. In order to preserve biological diversity and
maintain the natural state of the conservation areas, 14
specially protected natural areas with the total area of
6 000 hectares were arranged at the city territory, being
mostly localized in Kurortny and Primorsky districts.

Distinctive feature of the city vegetation is large species
diversity (up to 800 types of plants), most of them being
registered in the Red Book of St.Petersburg and the
Russian Federation. St.Petersburg fauna is represented by
267 birds species, 211 of them (about 80%) being found at
the specially protected natural areas, and 38 mammal
species. Primary fauna diversity rare species
concentration is revealed at the least negatively impacted
natural areas situated at the suburban parts of the city
neighbored with the natural complexes of the Leningrad
Region.

The climate of the city is transitional between the marine
and the continental ones, with winters being moderately
cold and summers – moderately warm. Average yearly air
temperature amounts to 5.6°С according to the results of
the long-term observations. As to its geographic location
St.Petersburg is in the humid region. Average yearly
precipitation amount is 653 mm; however the annual
distribution is non-uniform: about 70% of precipitation
falls over the warm season (from April till October).

1.2. Social and economic characteristics

Saint Petersburg is an independent subject of the Russian
Federation as a part of the North-West federal district. The
city area is divided into 18 administrative districts within
the limits of which 111 intraurban municipalities, 9 towns
(Zelenogorsk, Kolpino, Krasnoe Selo, Kronstadt,

Lomonosov, Pavlovsk, Petergof, Pushkin, Sestroretsk) and
21 villages are located.

Being one of the largest Russian cities by population (as of
January 1, 2015 – 5,197.1 thousand people), as well as by
area (1439 sq.m.), Saint Petersburg owns a strong
development potential.
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Geographical location of the city: close proximity to
Northern and Eastern Europe as well as access to the
Baltic Sea are favorable for its economic development.
Economic potential is determined by extent of the
economic complex and diversified structure of economy.
Saint Petersburg is widely regarded to be a cultural and
scientific center of the world importance. The city is an
important industrial and transport center of Russia,
marine capital of the country. All these directions
complementing each other are the basis for sustainable
development of the region.

Large population, high cultural and educational level of the
residents, a powerful scientific and educational base, a
great number of high-tech enterprises engaged in the
innovation processes indicate a possible development of
intellectual potential of the city.
The city’s economy is characterized by diversified nature
and generally has a high development potential, but stable
growth of the economy including high investments
attractiveness of the region faltered in the year 2014
under complex geopolitical and economic situation in
Russia as a whole.

The relatively low density of population in the city (as of
January 1, 2015 3.611,62 persons per sq.km.; compared to
Moscow this indicator is 4852,26 persons per sq.km.) and
availability
of
reserve
development
territories
demonstrate a rather high territorial potential of Saint
Petersburg.

Despite the abovementioned, efficient spatial development
of Saint Petersburg and security of individual objects of
social, engineering and transport infrastructure still are
the most important structural element of the sustainable
economic growth, are an absolute priority measures
necessary for implementation even in the age of new
economic reality.
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2. Characteristics of observed and projected climate change on the
territory of St.Petersburg
2.1. Climate characteristics of Saint Petersburg
Saint Petersburg and its suburb belong to the Atlanticcontinental area of the temperate zone, therefore the
climate of the city has the features both of the marine and
continental climate.

caused by natural fluctuations in temperature as well as by
the emergence of local “perturbation” of the thermal
regime of surface air which is known as the “urban heat
island”. According to the ideas of scientists, the formation
of the “urban heat island” is caused by emissions of water
vapor, accumulation of which under inversion layers
increases atmosphere counter radiation, creating a local
“greenhouse effect”. At that the center of the “urban heat
island” is usually shifted from the city center towards the
direction of the prevailing winds. Thus, the core of the
“heat island” in Saint Petersburg is presumably located in
the Tsentralny and Admiralteysky districts.

Under real claudage and average conditions of
transparency the total number of cloudy days in the region
is 177 days. In general, the average number of bright days
in Saint Petersburg is low – for about 60 days, and most of
them coincide with the summer months (from 10.1
“sunny” hours in June up to 2 “sunny” hours in December)
mainly due to the increase of the day length during the
“white nights” starting from late May till mid-July.

The graphs of variance of mean annual air temperature
according to the observations in Saint Petersburg and at
the station Belogorka, which is 70 km to the south of Saint
Petersburg, are demonstrated in the Fig. 2.1 A and B. As
can be seen from the figure, the presence of the “urban
heat island” in the city explains the rise in temperature by
0.5–1.5°C in Saint Petersburg in comparison with the
suburbs.

Geographical location of the city, the influence of air
currents of Atlantic origin, as well as the proximity of the
Baltic Sea and the North Atlantic have caused the
peculiarities of the temperature regime of the city, which
manifest themselves primarily through smoothing the
differences between the air temperature in the coldest
month (annual average temperature in December and
February is –7.9...–10.4°С), as well as reducing its annual
amplitude (up to 10 °C). At that, according to long-term
observations, an annual average temperature of the air in
the city is 5.6 °C.

It is worth noting that most of the minimum temperature
values in Saint Petersburg were registered in XVIIIbeginning of XX century; while at the beginning of the XXI
century fall the majority of the maximum temperature
values (Table 2.1). But we cannot absolutely insist on the
catastrophic rise in temperature in recent decades, as the
“urban heat island” was absent in the XVIII-XX centuries.

According to the estimates made, over the last 30 years in
the territory of Saint Petersburg, in addition to a marked
rise in the annual average temperature of the open air, a
decrease in the duration of the winter season (deviation
from the norm over the period 1961–1990 is about 6
days), a significant decrease in the number of days with
abnormally cold weather (below -15 °C) and a clear
tendency to increase in the number of days of the thaw in
the winter (from 12 days in December to 6 days
in February) have also been observed. However, the
number of days with abnormally hot weather (from 15–20
to 25–30 days a year) have significantly increased during
the warm season.

Thus, the presence of the “heat island” significantly
complicates
the
possibility
to
forward-looking
assessments of climate change, which do not take into
account the local effect of the urbanized landscape. To
solve this problem the development of a climate model of
the city, as well as method of translation of scenario
assessments of climate change for urban conditions are
required.

Because of its geographical location Saint Petersburg
belongs to a zone of excessive moisture caused by the
intensity and frequency of cyclones, as well as the
influence of the proximity of the Gulf of Finland and large
lakes, particularly Ladozhskoe Ozero. Since the amount of
precipitations exceeds evaporation by around 200–250
mm, Saint Petersburg is characterized by high air humidity
which is about 80 % (during the warm months it is 60–
70%, during the cold months it makes 83–88%). The
number of days with relative humidity not less than 80 %
ranges from 140 to 155.

Total change in temperature regime in the city for the
entire period of temperature measurement (from 1752
year) has made 2 °C, the average temperature during the
winter months has made 3.4 °С, the average temperature
during the summer months has made 0.5 °C. At the same
time over the past 30 years the air temperature has raised
by 1.7 °C on average for a year: by 3.5 °C in winter and by
1.5 °C in summer.

Thus, the dynamics of air temperature in Saint Petersburg
is characterized by significant positive temperature trend,
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Fig 2.1. Air temperature (°С) for Petersburg and Belogorka station over the period from 1900 to 2012 (А) and air
temperature anomalies (°С) in relation to the normal values of 1961–1990 (B). Thick line shows the temperature
trend for 1978–2012 (°С/10 years) for Saint Petersburg.

Month
January
February
march
April

Min, °С (year)

Abs.min, °С

Max, °С

Abs.max, °С

-21,4 (1814*)
-19,5 (1799, 1871)
-11,5 (1942)
-4,5 (1851)

-35,9 (1883)
-35,2 (1956)
-29,9 (1883)
-21,8 (1881)

-0,3 (1925)
1,7 (1990)
3,6 (2007)
8,4 (1921)

8,7 (2007)
10,2 (1989)
14,9 (2007)
25,3 (2000)

May
2,1 (1867)
-6,6 (1885)
16,0 (1897)
30,9 (1958)
June
11,1 (1810)
0,1 (1930)
20,4 (1999)
34,6 (1998)
July
14,1 (1832, 1837, 1878)
4,9 (1968)
24,4 (2010)
35,3 (2010)
August
12,6 (1835, 1856)
1,3 (1966)
19,9 (1972)
37,1 (2010)
September
7,0 (1894)
-3,1 (1976)
15,0 (1938)
30,4 (1992)
October
-0,5 (1880)
-12,9 (1920)
9,3 (1775, 1909)
21,0 (1889)
November
-10,0 (1774)
-22,2 (1890)
4,2 (1772)
12,3 (1967)
December
-18,4 (1788)
-34,4 (1978)
3,0 (2006)
10,9 (2006)
Table 2.1 Maximum and minimum average monthly air temperature values, absolute minimum and maximum
temperatures in Saint Petersburg over the period 1752–2010.
The average annual amount of precipitations in Saint
Petersburg for the last 30 years is 653 mm. During the
year, precipitations in the territory of the city occur
irregularly: most of them (67 %) are during the warm
season (maximum in July–August) and only 33 % are
during the cold season (least amount in February–March).

month with a marked decrease of their intensity. The
amount of rain precipitations in recent years has increased
by 35 %, and the amount of solid and mixed precipitations
have decreased that can be linked with the general trend
of global warming. Recently there has been a tendency to
increase of the number of days with heavy precipitations
(more than 15 mm/day).

Differences between the amount of precipitations in
different areas of the city are caused by the complex and
ambiguous influence of the urban development. In the
northern part of the city and in the north of the suburban
area annual amount of precipitations is greater for about
10–12% than in the central regions. At the mouth of the
Neva annual amount of precipitations, on the contrary, is
less than in the center by 5–7%. Even less amount of
precipitations occurs on the coast of the Gulf of Finland
(in the village of Lisiy Nos, Peterhof, Strelna) and on the
islands (Kronstadt), where the difference with the center
reaches 8–9%. Thus, the number of days with
precipitations varies from 155–160 days on the coast and
islands of the Gulf of Finland to 180–200 days in the
central and eastern districts of the city.

The maximum and minimum amount of precipitations in
Saint Petersburg over the period of instrumental
observations is presented in the Table 2.2.

Snow cover in the city appears 2–3 weeks later than in the
suburbs and repeatedly melts during the winter thaws.
The average duration of snow cover in the city is about
120 days, and in the suburbs this period is increased to
130 days. Snow cover depth varies greatly from year to
year, the highest snow density is observed in the open
field, on the coast and islands of the Gulf of Finland that is
associated with stronger winds. The maximum increase of
snow cover per day in the city is 22 cm. The intensity of
snowfall is mainly 0.5–0.6 cm/h, the maximum intensity
ranges within 1 and 4 cm/h.

The duration of precipitations in summer season averages
about 60 hours a month, and in the winter season the
duration of precipitations can reach 225–235 hours per

9

SOUTH-EAST FINLAND - RUSSIA ENPI CBC 2007 – 2013
Climate Proof Living Environment (CliPLivE)

Month

Norm

Min/month, mm

Max/month, mm

January
44
4 (1909)
87 (2011)
February
33
3 (1886)
92 (1990)
march
37
0,7 (1923)
83 (1971)
April
31
6 (1965)
85 (1966)
May
46
2 (1978)
127 (2003)
June
71
8 (1889)
154 (1998)
July
79
5 (1919)
166 (1979)
August
83
1 (1955)
191 (1933)
September
64
11 (1901)
178 (1912)
October
67
5 (1987)
150 (1984)
November
56
2 (1993)
117 (2010)
December
51
7 (1890)
112 (1981)
Year
662
395 (1882)
842 (2003)
Table 2.2 The maximum and minimum amount of precipitations in Saint Petersburg

The maximum water content of snow is registered at the
end of the winter season – In March. The average snow
load in the city is 73 kg/m2 with a noticeable but rare rise:
once in 10 years – to 140 kg/m2, once in 20 years – 170
kg/m2.

Max/day, mm
23 (1955)
13 (1990)
26 (1971)
29 (1991)
56 (1916)
44 (2004)
69 (2002)
76 (1947)
34 (1912)
37 (2003)
31 (2010)
28 (2009)
76 (1947)

of Finland and Neva Bay. As for the Neva River, the
dominated impact is caused by the difference between the
levels of the Ladozhskoe Ozero and the Baltic Sea.

Within Petersburg (up to 32 km from the mouth) the
freezing period of the Neva lasts from 2–3 to 15–20 days.
Fast ice boundary during the most winters is confined to
the Neva Bay, and its thickness, on average, does not
exceed 50 cm. Over the last 15 years the thickness of the
floe ice as well as of the fast one was reduced at average by
10–15 cm with respect to the normal value.

Features of the ice conditions of the water system the Gulf
of Finland – Neva Bay – Neva River are caused by rise in
the air temperature, a vast area of water reservoirs, large
reserves of water masses heat and the constant influence
of variously directed winds. The ice conditions are also
affected by the depth and impact of river flow for the Gulf

2.2. Forecast of climatic variables changes for Saint Petersburg
Forecasting changes of climatic factors is the first step
towards identification the territories, facilities and sectors
of municipal economy and population groups the most
affected by climate change and towards further
development of effective adaptation measures.

quantitative and qualitative characteristics of the changes
of major climatic variables (air temperature,
precipitations) in the territory of Saint Petersburg caused
by the global and regional climate characteristics were
determined, an assessment methodology for “urban heat
island” of Saint Petersburg was developed and an
empirical model to assess the “perturbation” of the
thermal regime of the city was constructed.

It should be noted that the below presented estimates
have been carried out based on global climate models
CMIP3 and, respectively, using scenarios of greenhouse
gas emissions, as described in the Special Report on
Emissions
Scenarios
IPCC,
2000.
During
the
implementation of project for prognostic assessments of
changes of climatic variables, the global scientific
community was guided by global climate models of the
new generation CMIP5, which were characterized by a
high quality of prognostic information through the use of
more reliable parameterizations, as well as by a more
complete description of climate forcing. Also, the updated
scenarios of greenhouse gas emissions characterized by
the total amount of the additional radiative effect on the
climate system were used instead of the earlier adopted
ones.

The analysis of the available hydro-meteorological
information was performed using arrays of climatic data
for Saint Petersburg and its suburban areas presented in
the following sources:

-

-

Thus, the following results can be updated based on the
use of new evidence-based methods and criteria for
assessing changes of climatic variables.

Archive of the National Climatic Data Center of the
USA (National Climatic Data Center US Department of
Commerce, NCDC) – data on the temperature regime
and precipitations regime for stations on St.
Petersburg, Tallin, Helsinki;
FGBU “All-Russian Research Institute of Hydrometeorological Information – World Data Center” – the
results of observations for the stations Saint
Petersburg, Vyborg and Belogorka.

According to the estimates of long-period series of
observations, the average annual temperature of the
atmosphere air of Saint Petersburg as well as the average
annual amount of precipitations tend to increase as
described in the previous section. To account for the

Within the framework of the project the hydrometeorological information available was analyzed, the
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“urban heat island”, formed by the metropolis of Saint
Petersburg, empirical-statistical approach to evaluation of
the dynamics of the anthropogenic component of the
thermal regime of surface air was used.

Dynamics of changes of climatic norms of maximum and
minimum atmosphere air temperatures of Saint
Petersburg, presented in Fig. 2.3 and 2.4, are characterized
by a complex nature. The most pessimistic estimates of
rise in the minimum and maximum air temperatures by
the end of the century are stated for the scenario “A2” 7.2 °
C and 13.5°C respectively.

In accordance with the results (Fig. 2.2), the average
annual temperature in Saint Petersburg by the end of XXI
century could rise to 8.2°C in the case of development of a
favorable scenario “B1”, up to 9.4 °C – for adverse
scenarios “A1B” and “A2”. Thus, the rise in the average
surface air temperature by the year 2100 compared with
the period 1971–2000 (5.4 °C) will be: for the scenario
“B1” – by 2.8°C, for scenarios “A1B” and “A2” – by 4.0°C.

According to the model estimates, an increase in the
amount of precipitations in comparison with the period
1981–2010 by the end of the XXI century (Fig. 2.5) will be:
for favorable scenario “B1” – 228 mm, for the adverse
scenario “A2” – by 262 mm (with an average annual
precipitations over the past 30 years, 653 mm).
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Fig. 2.2. Prognostic estimates of change of climate norms of the average surface air temperature in the XXI century

Fig. 2.3. Prognostic estimates of change of climate norms of the maximum surface air temperature in the XXI century
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Fig. 2.4. Prognostic estimates of change of climate norms of the minimum surface air temperature in the XXI century
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Fig. 2.5. Dynamics of climate norms of the annual amount of precipitations in the XXI century

Atmospheric precipitations, as well as the maximum and
minimum surface air temperature, differ by complex
nature of variability. Distribution of scenarios by the
degree of “favorable” shall develop only during the period
2071-2100. Increase in the amount of precipitations
compared with 1981-2010 shall be: for the scenario “B1” –
228 mm, for the scenario “A1B” – 244 mm, for the scenario
“A2” – 262 mm.

equal to 63.3 l/s/ha. According to SP 32.13330.2012
“Sewerage. External networks and facilities”, the intensity
of precipitations is taken as 60 l/s /ha for Saint
Petersburg.
Estimates of scenarios of the Baltic Sea level increase using
a regional climate model RCAO show that the largest
increase in sea level will occur in the southern and eastern
part of the Baltic Sea. When implementing a favorable
scenario “B2”, a sea level increase in the Saint Petersburg
area by the end of the XXI century may be about 40 cm, in
the case of implementing the adverse scenario “A2”
a corresponding sea level increase will be up to 1 m.
However, given the influence of a Complex of structures

It should be noted that by the end of the century the
increase of the intensity of atmospheric precipitations up
to 20% is projected: the intensity of rain lasting 20
minutes can make about 76 l/s/ha, whereas estimates
over the period 1981–2010 show that this indicator is
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protecting Saint Petersburg, the maximum level of water
rise outside the protected area can reach 417 cm. At the
same time, the total number of floods is expected to
increase by more than 40%, while the number of “severely
hazardous floods” may increase by 30%.

increase of water reserves in the snow are projected to
take place.

Frequent changes of Arctic cold air masses by warm
Atlantic masses in autumn and winter, as well as
increasing in the air temperature will help to change the
nature of the process of ice formation and its duration.

Due to an increase in air temperature during the cold
season, the further increase in the proportion of liquid and
mixed precipitations, as well as increased frequency of
thaws, resulting in a further shift of the timing of
formation and decomposition of a stable snow cover in the
territory of Saint Petersburg, decrease in its height,

According to the regional modeling data, the duration of
the ice season in the Gulf of Finland by the end of XXI
century may be reduced by 2 months. Further reduction of
areas of floe and fast ice and their thickness shall be
projected.
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3. Identifying hazards and estimating potential risks in the study area
3.1. Methodological approach for the geological and environmental risk assessment
Potential risks assessment method applied in the project is
based on forming of the matrix setting the potential risk
levels for various dangerous natural processes including
the geological ones (risk factors) depending on the land
use type peculiar for the studied area.

climatic scenarios – optimistic (В1), pessimistic (А2) and
balanced (А1В). Later on in course of risks assessment the
simulation results for the balanced (intermediate)
scenario were considered to be insufficiently informative,
and further investigations were performed only for the
optimistic and pessimistic scenarios.

Various territories studied within the project are
characterized by their complex of dangerous natural
processes. Thus, the primary risk factor for the project
territories in Finland (Uusimaa and Kymenlaakso
provinces, as well as Helsinki region) is the hazard of
various types of the area water flooding, such as flooding
with river and sea waters or flooding caused by
heavy / long-lasting rains. Besides these factor, the risk
factor associated with the foundations stability for
construction was also assessed for the territories in
Finland.

The maps were prepared for each of the hazardous nature
processes indicating the way this process is performed at
the territory of St.Petersburg and the project areas in
Finland. For stable risk factors that do not depend on the
climate changes the maps were drawn up for the actual
climatic situation, and for the climate-dependent ones –
the maps of the process were prepared both for the actual
climatic situation and for optimistic / pessimistic climatic
change scenarios.
Various land use plans for the project territories in Finland
were consolidated; herewith the similar land use types
were grouped. Land use types for St.Petersburg were
designated considering the urban development zoning
principles defined by the Law of St.Petersburg dated June
28, 2010 No. 396-88 "On standards of land use and
development of St.Petersburg" (Table 3.1).

Geologic aspects of St.Petersburg turned out to be one of
the limiting factors in the city development. The main
geologic risks for St.Petersburg were defined within the
framework of GeolnforM project, the results of which were
published in the Geological atlas of St.Petersburg in 2009.

Eleven risk factors for the territory of St.Petersburg were
studied within the framework of CLIPLIVE project: reliable
layer depth, biogenic gas formation, coastal erosion,
surface water flooding, ground water and head water
flooding, karst processes, neotectonic areas, paleovalleys,
the level of radon impact hazard and daylight surface slope
ratio. Primary geologic information kept in the national
information system of environmental protection and
nature management "St.Petersburg area's ecological
certificate" was used as the basic ones.

The main land use types typical for St.Petersburg are
shown on Functional zoning map (Fig. 3.1).

The core of the used methodology for geological and
environmental risk mapping for urban planning is a matrix
that assigns a certain level of risk depending on the
combination of land use and geological and environmental
characteristics of an area. The selected geological and
environmental characteristics describe the "hazard" and
land use categories of the regional or master plan the
"vulnerability"

Considering that assessment of climatic changes impact on
development of the hazardous nature processes peculiar
for the project regions was one of the main tasks of the
project, close attention was paid to climate-dependent risk
factors.

The used risk assessment methodology is based on a risk
matrix approach. The matrix assigns a certain level of
geological or environmental risk depending on the
combination of land use stipulated in the plan and
geological or environmental characteristics (Klein et al.
2013). The matrix gives a tool to estimate the geological or
environmental risk potential against certain land use. The
risk potential is assessed for each type of land use
indicated in plan and each class of selected geological or
environmental factors separately. The risk potential is
determined in nominal values from 1-4 comprising four
levels (Table 3.2). The estimation of risk levels indicated in
the matrix is based on expert opinions specialized in
geology, risk assessment and land use planning.

As to the territory of Finland, climate-dependent risk
factors include flooding with river and sea waters or
flooding caused by heavy / long-lasting rains.
Among 11 risk factors typical for the territory of
St.Petersburg studied within the framework of the project,
only three factors, particularly coastal erosion, surface
water flooding and ground water flooding, can be
categorized as climate-dependent. Simulation of the
process variability depending on different scenarios of
climatic situation change was performed for these factors.
The first stage of simulation was performed for three
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Land use type

Land use subtype

Engineering and
transport
infrastructures

Airline service objects and its infrastructure
Highways, major roads
Civil engineering and transport structure objects, public facilities, sanitary purification objects
including warehouses and factories
Water transport objects and its infrastructure
Rail transport objects and its infrastructure
Business
and Business and social building including its infrastructure
social zones
Public health, culture, education, offices, research centres, religious buildings
Residential zones
Low-rise building and its infrastructure
Private houses for one family
Multistory building and its infrastructure
Industrial zones
Enterprises of 2-3 class of danger (500 and 300 m protected area)
Enterprises of 4-5 class of danger (100 and 50 m protected area)
Recreational zones Forest or recreational forest
Green areas for common use
Recreation zones, sport zones, entertainment places, tourism and sanatorium places, open sport
facility or beach
Historical parks
Rural areas
Agricultural land
Special
Cemetery or crematorium
purposes zones
Dump area
Other lands
Table. 3.1. Land use type for St.-Petersburg

Fig. 3.1. Functional zoning map
The scores were distributed using Delphi method. This
method was invented in mid 1900s for development of
forecasts regarding the problems associated with the
uncertainty factors. Delphi method can be characterized as
the auxiliary instrument applied in the group discussions
and in course of solving complex multisided problems. The

described method can be used to find the solution or to
formulate the general opinion regarding the issues with
numerous variables and the problems for which no
objective solution can be found. Presently, Delphi method
is applied in various risk analyses covering social,
economic and ecological aspects.
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At the initial stage of CliPLivE project the target recipients
were provided with the questionnaire of the partner
organizations of the project. Selection of target recipients
was made in such a way as to represent all the studied
areas of the point of interest, and to ensure that the
responding organizations have necessary expertise from
the different areas of knowledge. In such case the
questionnaire was used as a risk matrix, in which each
respondent had to assess each combination of land use
type and the ris k factor against the scale of 1 to 4 (with
score 1 meaning the minimal risk and score 4 – the
maximal one). Based on the obtained results the average
values were derived, herewith the risk matrices with the
average values were presented to the experts for
reassessment of the studied risks. After making minor
changes the second (final) version of the risk matrix was
created.

integral maps in such a way that the highest risk class
existing at each point is shown.

All maps of hazardous natural processes and phenomena
development as well as the appropriate risk maps
prepared within the framework of the project are
presented
at
the
project
website:
http://www.infoeco.ru/cliplive/. The site offers a
procedure of comparing the maps both against various
project territories and against different types of hazardous
natural processes and risks.

Balance calculation of the territories of St.Petersburg,
subjected to particular climate-dependent risk factors, was
performed by the spatial analysis of the cartographic
materials of the national information system of
environmental protection and nature management
"St.Petersburg area's ecological certificate", containing the
following information for each city district: residential
facilities and non-residential buildings, the number of the
city inhabitants. The following data for 2013 were used as
the basis for calculation: the number of buildings in the
city – 124 916 pcs, the number of residential buildings –
34 920 pcs, the total number of residents in St.Petersburg
– 4 264 292 people.

Finally, two individual integral matrices of the potential
risks were formed for Finland and St.Petersburg (Table
3.3). Based on the integral matrices for the project
territories the maps of potential natural risks for the
actual climate situation, as well as for optimistic and
pessimistic scenarios of climate change (in the case of
climate-dependent factors) were prepared.

In interpreting the results of the integrated geological risk
assessment obtained using this method, it is necessary to
take into consideration the following.

In addition to separate maps of potential risks the integral
potential risks maps of various project territories were
prepared for the actual climate situation. The data of the
individual potential risks maps are combined in the
Risk
level

Risk potential

Potential consequences

The potential consequences of an event caused
by a geological characteristic are expected to
1
be minor under the current or indicated land
use
One or more of the geological characteristics
Potentially
medium
could cause a hazardous event. The potential
geological risk for the
2
consequences are of such a magnitude that
current or indicated type
they require some effort to prevention or
of land use
protection of an area
One or more of the geological characteristics
Potentially high geological indicate that a certain hazard is probable. The
3
risk for the current or potential consequences are of such a
indicated type of land use
magnitude that they require considerable
effort to prevention or protection of an area
One or more of the geological characteristics
Potentially very high indicate that a certain hazardous event is very
geological risk for the probable and the potential consequences are
4
current or indicated type of such a magnitude that they require
of land use
considerable effort to prevention or protection
of an area
Table 3.2. Levels for potential geological risk (modified after Klein et al. 2013)
Potentially low geological
risk for the current or
indicated type of land use
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Risk management
Measurements to reduce the
damage potential or probability of
a hazard are usually not needed

Measurements are recommended
to reduce the damage potential or
the probability of a hazard
Measurements
should
be
considered to reduce the damage
potential or the probability of a
hazard
Extensive measurements should
be ensured to reduce the damage
potential or the probability of a
hazard
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In the described method, the risk is qualified as potential
risk in as much as the indicators in the risk matrix
describe only the preconditions for risk appearance. So,
the degree of natural risk factor assigned to an area
describes the preconditions favoring the occurrence of a
certain type of natural hazard, but it does not describe
directly the probability of occurrence of a certain
hazardous event (e.g. how often groundwater flooding is
occurring or rate of karst propagation, etc.).

On the other hand, the existing land use types do not
describe directly the damage potential of a hazardous
event (possible number of affected people, value of
affected assets). They describe the preconditions that
contribute to the damage: high number of people in new
residential areas, construction of valuable buildings or
elements of vital infrastructure. Specialized studies are
necessary to solve potential problems associated with
risks.

The geological structure features of St.Petersburg territory
defined the range of the hazardous geologic processes
significant for the city. Among them are the following:
reliable layer depth, biogenic gas formation, flooding with
head water, karst processes, neotectonic areas,
paleovalleys, the level of radon hazard and daylight
surface slope ratio. Development of these hazardous
geologic processes is practically independent from the
climate change.

construction is represented by the ostashkovsk moraine
layer. This layer is of a great practical importance, while
being a rather reliable natural base for buildings and
structures foundations of all types, including the pile ones.
Ostashkovsk moraine deposits may be found almost
everywhere on St.Petersburg territory, with mean
accumulation from 20 to 30 m and more. This strata
occurrence depth changes from meters to dozens of
meters, with ostashkovsk moraine formations coming out
to the daylight surface from place to place.

3.2. Assessment of the potential risks caused by the climate-independent hazardous
natural processes

3.2.1. Reliable layer depth

The area of the city is divided into 4 classes: reliable layer
depth <2 m, 2-7 m, 7-17 m and >17 m.

One of the most important factors which determine
geological conditions applicability for ground construction
is the reliable layer depth. The upper geological unit on the
territory of the city treated as a reliable base for ground

Maps of Reliable layer depth and Reliable layer depth
impact risk are shown in figures 3.2 и 3.3.

Fig. 3.2. Reliable layer depth map
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Risk factors

Land use

Residential
zones
Industrial
zones

Recreational
zones
Rural areas
Special
purposes
zones

4

Measured Gas Generation

Business and
social zones

Areas for further studies
(Potential Gas Generation)
Burried Hydrology (Potential Gas Generation)

2

Potentially very high risk for the current/indicated type
of land use, risk management compulsory

Engineering
and
transport
infrastructur
es

No Gas Generation

3

>17,0

Potentially high risk for the current/indicated type of
land use, risk management needed

Potentially medium risk for the current/indicated type
of land use, risk management recommended

Conditions

7,0-17,0

1

Depth, m
2,0-7,0

Potentially low risk for the current/indicated type of
land use, risk management not needed

Biogas generation
areas

<2.0

Potential Geological Risk

Reliable layer depth

Airline service objects and its infrastructure

1

2

2

2

1

1

1

2

Civil engineering and transport structure objects, public
facilities, sanitary purification objects including warehouses
and factories

1

1

2

3

1

1

2

3

Highways, major roads

Water transport objects and its infrastructure
Rail transport objects and its infrastructure

Business and social building including its infrastructure

Public health, culture, education, offices, research centres,
religious buildings
Low-rise building and its infrastructure
Private houses for one family

1

1
1
1
1
1
1

Multistory building and its infrastructure

Enterprises of 2-3 class of danger (500 and 300 m protected
area)
Enterprises of 4-5 class of danger (100 and 50 m protected
area)
Forest or recreational forest

Green areas for common use

Recreation zones, sport zones, entertainment places,
tourism and sanatorium places, open sport facility or beach
Historical parks

Agricultural land

1
1
1
1
1
1
1
1

Cemetery or crematorium

1

Dump area

1

Other lands

Table 3.3. The integrated risk matrix for St.-Petersburg area

18

1

2

1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

2

1
2
2
2
2
1
2
2
2
1
1
1
1
1
1
1
1

2

1
2
3
3
3
1
3
2
2
1
1
1
1
1
1
1
1

1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1

1
1
1
2
1
1
1
2
2
1
1
1
1
1
1
1
1

2

1
1
2
3
1
1
2
3
3
1
1
1
1
1
1
1
1

3

2
1
3
4
2
1
3
4
4
1
1
1
1
1
1
1
1

SOUTH-EAST FINLAND - RUSSIA ENPI CBC 2007 – 2013
Climate Proof Living Environment (CliPLivE)

Risk factors
Coastal erosion

Surface
water
flooding

Groun
d
water
level

Processes

Probability
of
occurrence

Water
level,
m

Head-water
impact

Karst
processes

Neotectonic
s

Paleov
alleys

Radon

Surface
slope

Ratio
of
water level
and
overburden’
s thickness

Rock type

Neotectonic
zones

Existen
ce

Danger
level

Steepness

Accretion

Erosion 50

Erosion 100

1/100A

1/10A

No flooding

<1,0

1,0-3,0

>3

Level <3m, Thickness <5m

Level 3-6m, Thickness <5m

Level >6m, or thickness <5m

Non-carbonate Rock

Carbonate Rock

No tectonic zones

Tectonic zones

Tectonic zones overlapping

No

Yes

No danger

Moderately dangerous

Dangerous

<5%

5%-15%

>15%

Stable
1

1

4

4

3

2

1

2

1

1

2

1

1

1

3

1

2

3

1

1

1

1

1

1

2

4

1

1

4

3

4

2

1

3

2

1

3

2

1

1

3

1

3

4

1

4

1

1

1

1

2

3

1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1

3
1
1
1
1
1
1
1
1
1
1
1
2
1
1
1
1

4

4
4
3
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4
1

3

3
4
2
3
2
2
3
3
3
2
2
3
4
1
3
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1

2
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3
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1

1
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Fig. 3.3. Reliable layer depth impact risk map

3.2.2. Biogenic Gas Formation

moving away from the gas-generation area permanently,
then the same gas, being actively produced and
accumulated in soils, has no possibility of unhampered
release into the atmosphere through solid man-made
constructions in the conditions of the anthropogenically
changed environment. At a definite moment of time, the
biogenic gas may either break through the formation
located above at the nearest weak point under the
pressure, being released as a gas-and-mud blow-out, or it
also may accumulate in neighboring underground
structures including basements. Methane accumulation is
especially dangerous, since it may create flammable or
even explosive mixtures in the atmosphere when certain
concentrations of this gas are achieved.

Biogenic Gas (marsh gas) is a mixture of gases occurring
during plant residues decomposition in air tight natural
conditions. The gas is flammable, with 20-95% methane
content. Small amounts of CO2 and N2 may also be traced
in the biogenic gas.

Gas production processes on the territory of the city are
developing in natural (swamp) landscape conditions, as
well as on the areas with anthropogenically changed
landscapes. Water courses and disposal dumps are often
buried during the areas under construction development,
with further surface soil layer compression with concrete
slabs, construction debris, solid domestic waste, asphalt
coating etc., which reduces the original soil permeability
significantly. At that, favorable conditions for intensive gas
production are preserved on separate parts of the covered
area (paleorivers and lakes, swamps, channels, landfills
and others) with primary organic substance abundance
and increased soils moisture.

Following 4 classes were identified based on available
data: areas, where conditions for biogas generation are
absent, areas with potential gas generation (buried
hydrology), areas with elevated and anomalous biogas in
soil, and areas of environmentally hazardous level of
biogas concentration.

The biogenic gas production risk factor is based on the
phenomenon, that if the biogenic gas may penetrate into
the atmosphere through upper loose formations and soils
layers relatively freely in the natural conditions, while

Maps of biogas generation areas and biogas occurrence
risk are shown in figures 3.4, 3.5.
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Fig. 3.4. Biogas generation areas map

Fig. 3.5. Biogas occurrence risk map

21

SOUTH-EAST FINLAND - RUSSIA ENPI CBC 2007 – 2013
Climate Proof Living Environment (CliPLivE)

junked exploratory wells. In course of construction such
areas are hazardous for water breakthroughs into the pits,
upcoming wellsprings, basements flooding and buildings
deformation.

3.2.3 Head water impact
Head water of the top intermorainal (Polustrovo) waterbearing level distributed locally in the city constitute a
potential hazard of flooding in the areas with high
piezometric level (the areas above the daylight surface)
and low layer thickness of overlying water-resistant
sediments of Ostashkov moraine.

As to the complex of parameters that cause the city
territory flooding, the following gradations were defined:
the depth of the layer is less than 3 m with the thickness of
overlying sediments less than 5 m; the depth of the layer is
3-6 m with the thickness of overlying sediments less than
5 m; and the depth of the layer above 6 m with the
thickness of overlying sediments less than 5 m.

Head ground water flooding can be caused by the
"hydrogeological windows" in the upper part of the
section, within which the hydraulic junction between
Polustrovo water-bearing level and the upper ground
water level.

Maps of Head water impact and Head water impact risk
are shown in figures 3.6, 3.7.

Besides, flooding of the territories can be caused by the
man-induced factors, including breakthroughs of
Polustrovo head water at the bores of poorly plugged

Fig. 3.6. Head water impact map
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Fig. 3.7. Head water impact risk map
development, high-rise construction and erection of
objects of a high ecological risk.

3.2.4. Karst Processes
Karst is a complex of water (surface and subsoil) activityrelated processes connected with rock formations
dissolution and desalination leading to cavities of various
shapes and sizes occurrence. Specific karst relief forms
(bell pits, basins, blind creeks) are created on the areas of
relatively readily soluble carbonate rocks development
(chalkstone and dolomite rocks).

Neotectonic activity is recorded in recent tectonic zones
mapped from logging or from geophysical data. Three
classes are recorded in the city area. The highest potential
for neotectonic danger is estimated for areas, where
tectonic zones are overlapping. Areas within one tectonic
zone indicate lower potential for neotectonic danger. The
lowest potential is determined for areas beyond the
influence of recent tectonic zones.

Karst processes development impedes surface-based
construction activities. Karst processes were discovered in
the South districts of St.Petersburg (Krasnoselsky and
Pushkinsky), where Ordovician carbonates are abundant.

Maps of neotectonic phenomena and neotectonic
phenomena risk are shown in figures 3.10, 3.11.

The city area in terms of this feature is classified in two
classes: areas of potential karst formation and areas free of
carbonate rocks (yes/no – values). Maps of karst processes
and karst risk are shown in figures 3.8, 3.9.

3.2.6. Palaeovalleys Impact

Palaeovalleys are represented predominantly by buried
ancient rivers and their feeders’ shut-ins. From the point
of view of their geological structure, one may subdivide
palaeovalleys into 2 types: palaeovalleys of the first-type
are filled with clayey and sandy-loam formations mostly,
while those of the second-type – with sand and gravelsand sediments. Existence of palaeovalleys filled with
loose moist formations is an extremely negative factor,
especially for underground structures construction,
therefore the ranging of this factor assumes only two
classes (yes – existence; no - absence).

3.2.5. Neotectonic Areas

Neotectonic activity on the territory of St.Petersburg
manifests itself through earth surface oscillations in
different directions, amplitude, rate, frequency and
scalability, all of which lead to significant changes in
bearing soils and rocks mechanical properties, even up to
drifting sands creation.
That is why the current neotectonic activity constitutes a
significant threat for engineering structures, and should be
assessed separately, especially for the underground space

Maps of paleovalleys and paleovalleys impact risk are
shown in figures 3.12, 3.13.
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Fig. 3.8. Karst processes map

Fig. 3.9. Karst risk map
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Fig. 3.10. Neotectonic phenomena map

Fig. 3.11. Neotectonic phenomena risk map

25

SOUTH-EAST FINLAND - RUSSIA ENPI CBC 2007 – 2013
Climate Proof Living Environment (CliPLivE)

Fig. 3.12. Paleovalleys map

Fig. 3.13. Paleovalleys impact risk map
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Three classes were identified in this area in terms of radon
hazard: no danger, moderately dangerous zone and
dangerous zone.

3.2.7. Radon Hazard
Radon is a radioactive gas created in the course of natural
radioactive decay of uraniferous formations. Radon is not
prone to accumulation on the ground surface, as a rule,
since it is 7.5 times heavier than the air, but it is capable to
concentrate in closed building basements, lowlands etc. in
quantities dozens times exceeding the threshold limit
values. Uraniferous dictyonema oil shale Ordovician may
be met at shallow depths in Southern districts of
St.Petersburg, while coming out to the day in some places.
This explains increased radon hazard in Krasnoselsky and
Pushkinsky districts areas. Zoning of these districts areas
is performed on the basis of radon volume activity in soils
measurements.

Maps of radon dangerous level and radon occurrence risk
are shown in figures 3.14 и 3.15.

3.2.8. Surface Slope

Slope means the steepness of a slope; the elevated to flat
horizontal surface rate within the area where it is
observed. This factor determines potential hazard of rock
formations gravitational shift. At slopes exceeding 10%
the danger of soil slip development occurs. On the
territory of St.Petersburg the surface slope risk is not that
widely-spread. But at the same time soil slip processes
developing on river-valleys’ and canals’ slopes in
St.Petersburg may affect stable and proper functioning of
embankments, utilities, as well as building and structures
placed along water courses.

Radon and products of its decay pose a hazard to health
only when they are concentrated in the indoor air, usually
in basements or in ground floors.

In general, in St.Petersburg the radiation dose caused by
geological factors does not exceed permissible standards,
but accounting of the geological features of the area during
the construction of new buildings, as well as the
implementation of surveys and radon-preventive
measures in existing ones are main components in the set
of actions to reduce the exposure to natural sources of
ionizing radiation.

The area of the city is divided into three main classes in
terms of the surface slope steepness: <5%, 5% - 15% and
>15%.
Maps of surface slope steepness and surface slope
steepness risk are shown in figures 3.16 и 3.17.

Fig. 3.14. Radon dangerous level map
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Fig. 3.15. Radon occurrence risk map

Fig. 3.16. Surface Slope Steepness Map
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Fig. 3.17. Surface Slope Steepness Risk Map

3.3. Assessment of the potential risks caused by the climate-dependent hazardous
natural processes
Set of natural and climatic features of the territory creates
preconditions for activation of individual hazardous
natural processes and phenomena that can cause
significant damage to facilities and economy branches, and
constitute a threat to the safety and health of people.

composed of loose rocks is happening, the coast erosion
process is called abrasion.

The main causes of coast erosion are: coastal zone
geological structure, current tectonic structure, coasts and
underwater shoreface relief peculiarities, as well as a
complex of hydrometeorological factors. Extreme coastal
washouts occur under the storm influence in surge wave
conditions without an ice coating. Industrial processes
(underwater mining of sand material, hydraulic structures
construction, absence of science-based coast protection
strategy, recreational objects construction, taking of
emergent coast protection measures on coastal areas, etc.)
influence coastal stability in a negative way either.

Changes in intensity and duration of the following
hazardous natural phenomena and processes for the
territory of St.Petersburg in conditions of the climate
change: surface water flooding, ground water flooding and
coastal erosion.
The main factors of the climate change, making the
greatest impact on increase of the number and frequency
of the above mentioned hazardous phenomena and
processes, are rising of water level in the Baltic Sea and
the Gulf of Finland, increase in the intensity and amount of
rainfall, shifting of the ice cover terms and some other
factors.

The total coastal length of the Gulf of Finland within
St.Petersburg boundaries is 190 km. Today the Gulf of
Finland coasts within the Resort region are being washedout and withdrawing significantly. Destructions in the
coastal area cause its degradation with irrecoverable
losses of highly valuable coastal territories, as well as
destabilize engineering and geological conditions of
adjacent territories.

Climate-dependent hazardous natural phenomena and
processes are deeply discussed below.

3.3.1. Coastal erosion

Coast erosion is a process of coast destruction under the
sea waves, streams and ice impact. If destruction of coasts

The maximum coast washout rate (up to 1.8 m/year) was
fixed in the Eastern part of the Gulf of Finland, to the West
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of protective constructions complex (PCC) of
St.Petersburg. However the intensive washout may also
produce a negative impact on a shoreland part of the gulf
protected with the PCC (the Neva Bay), while reaching 1.5
m/year.

The maps of forecasted coastal erosion for the period of 50
and 100 years were prepared for actual climatic situation.
The mapping methodology was based on GIS-analysis of
several aerial photographs made during the period of
1981 – 1990 (from Space and Aviation Materials R&D
Institute) and actual satellite images made during the
period of 2006 – 2011, which anticipated the pictures
supplementing and digitizing of the coastal scarp or front
coastal dune digitizing. The most typical areas of the coast
of St.Petersburg standing out as to their morphometric
and geological features were selected for further temporal
variability analysis: coast exposition, roughness,
lithological composition of sediments forming the coast,
neotectonic trend of development, etc., and within such
areas the balance points were defined. When calculating
the erosion rate both the results of the remote sensing
materials analysis and the results of the repeated leveling
at the network of support profiles were taken into
consideration. Given the importance and high potential
risk of erosion of the marine coastal area of St.Petersburg,
a detailed description of the methodology of the
appropriate maps preparation is provided in the separate
publication.

Performed studies have shown that intensity of hazardous
exogenic processes in the marine coastal area is defined
both by geological and geomorphological factors, which
include geological structure of the coastal area, actual
tectonic regime, terrain features of the coast and
underwater coastal slope, and a complex of
hydrometeorological factors leading directly to severe
erosion. The most intense erosion of the coasts is observed
as a result of the following three factors in combination –
the storm wave impact during active western cyclones
passing, upsurges and absence of ice cover. Over the last
decade the most hazardous erosion of the coast was
observed in the autumn and winter seasons of 2006-2007
and 2011-2012. Thus, in a series of winter storms in
December 2011 there was a washout of the front coastal
dune along its entire length in Komarovo locality with
irrevocable removal of the beach sand material from the
coastal area and destruction of beach infrastructure
facilities, for instance in some areas abrasion scarp shifted
by the distance of more than 10 meters in December 2011.
Coastal flooding was observed in the area of Gorskaya
locality that entails violation of engineering-geological
bearing capacity of the subsurface geological section. As a
result coast protection structures in Kurortny district
were severely damaged and the promenade in Repino
locality was partially ruined. Some sections of
Primorskoye highway in Repino locality were flooded.

Changes in the level of the Baltic Sea and the Gulf of
Finland were assessed by the greenhouse gas emission
scenarios A1B, A1, B2, discussed in 4AR IPCC, 2007.
According to the performed estimates, in case of an
unfavorable scenario, the water level can rise up to 1 m by
the end of the XXI century, while the favorable scenario
will lead to increase of up to 0.4 m.
Thus, development of the erosion processes in the eastern
Gulf of Finland was assessed for two simulated scenarios:
optimistic – for storm activity with probability of once in
25 years with the water level rising of no more than
40 cm; pessimistic – the storms can occur more frequently
– once in 10 years with the water level raining of up to 1
m.

However, in addition to natural factors, the negative
impact on the coast stability is also made by the maninduced factors, including: absence of up-to-date efficient
coast protection system and spontaneous shoreline
protection measures taken by the owners of coast
infrastructure facilities.

Simulation of the coastal erosion processes allowed
preparation of the erosion processes development maps,
as well as the maps of the risks caused by the coastal
erosion processes for the actual climate situation and for
optimistic and pessimistic scenarios (Fig. 3.18 – 3.23).

To forecast destruction of the eastern coast of the Gulf of
Finland, in addition to rising level of the Gulf of Finland
near St.Petersburg, one should also take into account the
impact of successive storm cycles considering wind speed,
height and duration of wave activity. Only strong storms
with the upsurge height of at least 2 m are meant. In
Kurortny district of St.Petersburg such events occurred in
the XX century about once in 25 years. Herewith, further
increase in the frequency of storm activity is forecasted
due to the fact that in the recent decades the climatic
conditions in the eastern Gulf of Finland were
characterized firstly by relatively warm winters, causing
later freezing up, and secondly by the increased frequency
of the strong storms along with the significant rising of the
water level, which happened particularly in winter.
Combination of these factors substantially increases the
impact on sandy coasts without protective ice cover.

Balance of the city territories subjected to the coastal
erosion processes for various climatic conditions is
provided in Table 3.4.

Destruction of the coast of Kurortny district of Saint
Petersburg is of particular concern – in case of the most
pessimistic scenario fulfillment the lost coastal (and the
main recreational) areas can amount to 779 hectares. With
this purpose a detailed assessment of the coastal retreat
(recession) at Kurortny district of the Gulf of Finland and
Kronstadt was performed with the most vulnerable areas
being defined (Table 3.5)
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Fig. 3.18. Coastal Erosion Map

Fig. 3.19. Coastal Erosion Risk Map
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Fig. 3.20. Coastal Erosion Map (optimistic scenario)

Fig. 3.21. Coastal Erosion Risk Map (optimistic scenario)
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Fig. 3.22. Coastal Erosion Map (pessimistic scenario)

Fig. 3.23. Coastal Erosion Risk Map (pessimistic scenario)
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Area, ha
District

Current climate
conditions

Optimistic scenario

Kronshtadtsky

23,6

22,0

Kurortny

174,2

264,25

Primorsky

42,8

Total:

240,6

Pessimistic scenario
53,25

81,0

160,75

367,25

778,75

564,75

Table 3.4. Balance of the city territories subjected to the coastal erosion processes development

Optimistic scenario

Pessimistic scenario

Profile

Recession due
to storm
activity, m

Komarovo

19

6

25

38

16

54

Olgino

12

12

24

20

30

50

Solnechnoe
Ushkovo

Kotlin island
FPB

Sestroretsk

15
8
5
0
0

Recession
due to SLR,
m

9

16
16

100
200

Overall
recession,
m

24

Recession due to
storm activity, m

26

24

9

21

6

100

0

200

0

Recession
due to SLR,
m

22
40
40

250
500

Overall
recession, m

48
49
46

250
500

Table 3.5. Coastal retreat (recession) at Kurortny district of Saint Petersburg, in the vicinity of Kronstadt and the
Complex of protective structures of Saint Petersburg for two simulated scenarios of the events development in the XXI
century

As the table shows, for Komarovo, Solnechnoe and Olgino
localities the impact of the sea level rise will be hardly
noticeable regardless of this or that scenario development.
At the same time extremely shallow coasts (complex of
protective structures and Sestroretsk fairway) are much
more sensitive to changes in the level, and their recession
could reach 100-200 m (for optimistic scenario) and 250500 m (for pessimistic scenario). Thus, here one can talk
about passive flooding of coastal areas

of +0.40 m above the zero point of the Baltic height system
(BS) and 50-60 storm downsurges below the point 0.40 are observed over the year.
Presently, the term "flood" in Saint Petersburg is applied
to the rise of the water level at the point "Mining Institute"
above 160 cm BS. Floods are categorized into dangerous
(161-210 cm), highly hazardous (211-299 cm) and
catastrophic (300 cm and above).

A number of publications specify that over the recent
decades the total number of floods in Saint Petersburg was
the highest ever recorded. Figure 3.24 shows the historical
dynamics of the Neva floods of different categories in
various periods. Over the period of 1979-2008 the number
of highly hazardous floods has increased by more than
30% against the same parameter in the XIX and XX
centuries, however no catastrophic floods occurred in the
last period. According to recent data, on November 16,
2010 the water level rose to the point of 187 cm BS, and on
December 28, 2011 – to 170 cm BS.

3.3.2. Surface Water Flooding

The main factor of the risk of Saint Petersburg territory
flooding with surface waters is the upsurge phenomena.

Hydrological conditions of the eastern Gulf of Finland
depend, primarily, on the synoptic processes over the
Baltic Sea, as well as on the morphometric features of its
coast. The length of the Gulf of Finland from Hanko
Peninsula to Saint Petersburg is about 400 km and the
width of the gulf varies from 70 km in the estuary up to
130 km at its widest point. In the Neva Bay the narrowing
reaches 12-15 km. With such bay area elongation, the
wind upsurges and storm downsurges of different size and
duration continuously alternate. Thus, in average around
70-80 upsurges with the water level rising above the level

In general, 309 floods with water rise of more than 160 cm
were recorded in Saint Petersburg, and 210 of them
contemplated rise of more than 210 cm. The most severe
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floods are those occurred in 1824 (on November 7 (19) –
421 cm above normal level), in 1924 (September 23 –
380 cm), in 1777 (September 10 (21) – 321 cm), in 1955
(October 15 – 293 cm), and in 1975 (September 29 – 281
cm).

Annual variations of the number of floods in the recent
decades also significantly differs from the average
historical dynamics. Maximum recurrence of floods in the
last thirty years has shifted from autumn to winter, the
most substantial increase of the number of floods was
recorded in January (Fig. 3.25).

Number of floods

Number of floods
20
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60

16
50
14
40

12
10

30
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6
10
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2

1691-1708 1709-1738 1739-1768 1769-1798 1799-1828 1829-1858 1859-1888 1889-1918 1919-1948 1948-1978
total

161 -210 sm
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0

Periods
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past period
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Jule
1979-2008
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Months

Fig. 3.24. The Number of Floods in Saint Petersburg
belonging to Various Categories

Fig. 3.25. Annual Dynamics of Floods Number in Saint
Petersburg

According to the modern concepts, the mechanism of the
Neva surge floods occurrence consists in the following: the
cyclones crossing the Baltic Sea from south-west to northeast form a special kind of wave and carry it away in the
direction of the Neva River mouth, where it meets with the
natural flow of the river. The water rise is enhanced due to
shallow areas and flat bottom in the Neva Bay, as well as
due to tapering of the Gulf of Finland to the Neva delta.
The wave height varies from 30 to 50 cm, and the crest
extends to 40-60 km per hour. During the movement, not
only the velocity of the wave, but also its shape becomes
more difficult because of the heterogeneity of the bottom
and coast surface. The long wave can cross the gulf during
7-9 hours. If the wind is weak or the weather is windless,
the wave travels only by gravity. Then the rise amounts to
200-250 cm. However, such a wave is quite rare. A lot
depend on the wind direction: the wind from the north
and the south practically does not influence on the wave
height, while the eastern cross-wind causes the wave
height reduction and the western downwind to its
increase. The great increase of the water level in the Neva
delta (130-150 cm) can occur without long wave, only as a
result of sustained wind from the west. But such cases are
rather seldom.

caused flooding, rolls back, it is rebounded from the
western shores of the Baltic Sea, and returns back to the
mouth of the Neva. The next cyclone, which makes the long
wave stronger, contributes to it.

It should be noted, that there are no more places in the
Baltic Sea like the mouth of the Neva. Although, like the
Gulf of Finland, the Gulf of Bothnia is elongated in the
direction of the prevailing cyclones, the mouth is blocked
by a large shoal, which separates it from the rest of the sea.
Also, as the distance to the head of the gulf of increasing,
its width and depth increases too, that dampens the long
wave.
Thus, the morphometric features of the Gulf of Finland in
association with the western storm winds create
conditions for extremely dangerous water level rise in the
Neva delta and, consequently, lead to flooding of Saint
Petersburg.

Protective structures complex completed in 2011,
provided timely warning, allows to avoid completely sea
surge floods in Saint Petersburg with a projected rise
water level of above 1.6 m BS. Herewith, the water level
rising is possible in the barriered area of the Neva Bay
(due to wind denivellation of the water surface, and as a
result of accumulation of the Neva River flow down during
flooding) to the level of +1.8 m BS. In all cases, including
emergencies, the water level in the barriered area should
not exceed the mark of 2.1 m BS. At the same time, this
problem still remains acute for the coastal areas of
Kurortny district of Saint Petersburg being actively
developed now. Closing the dike causes further rising of
the water level in Sestroretsk bay by 10%. Thus, during
the flood when the protective structures of Saint

It should be noted that the water decline is often observed
before the surge floods. The reason for this is the following
fact: when the cyclone moves over the Baltic Sea, for
example, from south-west to north-east, the tip of the Gulf
of Finland is at first under the influence of the northeastern edge of the cyclone, where the east winds blow,
driving water into the gulf.

Recurring rise of water that occurs one day after the flood,
is also a natural phenomenon. After a long wave that
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Petersburg were put in operation for the first time and the
dike stayed closed for about two days, the water rise in
Sestroretsk amounted to 2.2 m BS. As a result, this led to
erosion of the coast protection in Sestroretsk Dubki Park,
that had been constructed in 2010.

In order to consider the difference of water rising levels
when simulating coastal flooding, the Gulf of Finland and
the Neva Bay are subdivided into zones, the boundaries of
which are drawn in the intervals between the
measurement points specified in the table below.
Herewith, the dike position and the coastal contour were
also taken into account. Considering that there are only
two points within the Neva Bay (Kronstadt and Mining
Institute), five zones comparable in size to the areas
outside the dike were defined to ensure uniform
interpolation.

In order to assess the risk of the city territory flooding
with surface water, simulation of the water rising was
performed for the Gulf of Finland and the Neva Bay as a
result of surges for the actual climate situation and under
different scenarios of the climate change.

Sea level change as a result of surges in various parts of
the Gulf of Finland and the Neva Bay occurs differently.
Table 3.6 present the data of PJSC "Lengidroproekt", which
prove that the possible water rise in the Neva Bay is
considerably less than that in the Gulf of Finland, which is
due to the dike influence. At the same time, the general
tendency to increase of the level toward the mouth of the
Neva is maintained.

Based on these zones, calculation of the matrices of
maximum water rise levels was performed for six options
listed in the table. Within each zone, the water levels
correspond to the values in the relevant measurement
points. As to the intermediate zones in the Neva Bay, the
levels were calculated proportionally to the measurements
in the extreme points. An example of the calculated matrix
is presented in Figure 3.26.

Current sea level
Location

1 per
100 years

1 per
10 years

Sea level rise – 0,4 m
1 per
100 years

1 per
10 years

Sea level rise – 1,0 m
1 per
100 years

1 per
10 years

1%

10%

1%

10%

1%

10%

Mining Institute

190

153

230

193

290

253

Kronstadt (Finnish Gulf)

325

193

365

233

425

293

Kronstadt (Neva Bay)
Gorsky

Александровская
Tarkhovka
Sestroreck
Kurort

Solnechnoe
Repino

Komarovo

Zelenogorsk
Ushkovo

Smolyachkovo

148
325
325
323
320
319
317
316
316
316
314
312

133

188

192

365

192

365

191

363

190

360

189

359

189

357

188

356

188

356

188

356

187

354

185

352

173
232
232
231
230
229
229
228
228
228
227
225

248
425
425
423
420
419
417
416
416
416
414
412

233
292
292
291
290
289
289
288
288
288
287
285

Table 3.6. Existing and possible maximal water levels during floods at the end of XXI century with the average sea
level rising by 0.4 and 1 m BS

Land flooded areas for three scenarios (the actual average
sea level, the water rise by 0.4 m and 1.0 m) with
probability of once in 100 years and once in 10 years were
calculated on the basis of combination of a digital terrain
model of Saint Petersburg and the appropriate matrix of
the maximum water rise level.

of surge floods, as well as and flood risk maps for the
actual climate situation and for optimistic and pessimistic
scenarios. Cartographic materials visually reflect the city
flooded area changes depending on the frequency of floods
occurrence in conditions of the observed and future
climate changes (Figures 3.27 – 3.32).

The simulation results allowed drawing up the maps of the
city territory aptitude to surface water flooding as a result
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by 0.4 m) and the pessimistic scenario development (the
water level can rise by 1 m) for the surge floods
probability of once in 10 years is presented in Table 3.7.

The table proves that the most vulnerable are
Petrodvortsovy, Kurortny, Kronshtadtsky and Primorsky
districts of the city, and in case of the least favorable
scenario development the area of about 6 300 hectares in
the above mentioned districts can be flooded, including
almost 900 hectares of the most valuable recreational land
in Kurortny district. The flooded area also includes the
coastal territories with high natural, historical and cultural
importance: the specially protected natural territories
"Yuntolovsky reserve" and "West Kotlin" can be almost
completely flooded. The total area of the city that can
occur under this type of negative influence of surface
water can reach from 6090 to 8860 hectares.

Analysis of the city territories vulnerable to flooding as a
result of the tidal waves with probability of once in 100
years (Table 3.8) proved that 4 district of St. Petersburg
are still considered to be the most vulnerable. However,
the flooded area by the end of the XXI century can
dramatically increase - up to 11117 hectares totally over
the city (7500 hectares in 4 districts).

Figure 3.26. Simulation of the water rise level during
surge phenomena in the Gulf of Finland and the Neva
Bay
The balance of the city territory flooding for the actual
climate situation and as a result of the optimistic scenario
development (if the water level in the Gulf of Finland rises

Fig. 3.27. Surface water flooding map
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Fig. 3.28. Surface water flooding risk map

Fig. 3.29. Surface water flooding map (optimistic scenario)
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Fig. 3.30. Surface water flooding risk map (optimistic scenario)

Fig. 3.31. Surface water flooding map (pessimistic scenario)
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Fig. 3.32. Surface water flooding risk map (pessimistic scenario)

District

Area, ha
Current climate conditions

Optimistic scenario

Pessimistic scenario

Admiralteisky

156,8

187,14

277,16

Vyborgsky

6,93

9,15

13,96

Vasileostrovsky
Kalininsky

56,17

87,47

5,99

6,76

212,37
6,12

Kirovsky

269,47

326,63

480,91

Krasnoselsky

325,09

426

590,57

Kurortny

553,08

Kolpinsky

Krasnogvardiysky
Kronshtadtsky
Moscovsky
Nevsky

75,19

83,86

41,5

51,98

634,98

799,38
711,64

3,05

3,27

64,73

70,62

99,07
67,72

1118,56
879,2
4,41

90,44

Petrogradsky

221,04

295,43

605,06

Primorsky

1923,57

2260,06

3309,51

Frunzensky

20,39

23,94

28,15

Petrodvortsovy
Pushkinsky
Tsentralny
Total

533,96

656,05

18,07

20,58

61,11

70,65

4971,12

6090,61

Table 3.7. Balance of the city territory flooding with probability of once in 10 years
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District
Admiralteisky

Vasileostrovsky
Vyborgsky
Kalininsky

Area, ha
Current climate conditions

Optimistic scenario

Pessimistic scenario

85,09

169,61

437,89

183,52
8,68

241,68
11,46

6,76

6,12

393,86
23,23
8,68

Kirovsky

311,16

413,49

681,86

Krasnogvardiysky

51,74

59,45

77,84

Kolpinsky

82,53

91,38

111,94

Krasnoselsky

392,34

515,16

Kurortny

1034,3

1142,88

70,31

80,51

104,34

819,81

1036,85

22,05

24,01

Kronshtadtsky
Moscovsky
Nevsky

892,68
3,27

982,86

1242,82

3,71

4,44

Petrogradsky

284,77

492,18

Primorsky

2153,05

2876,23

Frunzensky

23,35

26,34

Petrodvortsovy
Pushkinsky
Tsentralny
Total

607,5
20,58
69,24

83,87

6280,87

8038,77

Table 3.8. Balance of the city territory flooding with probability of once in 100 years
District
Admiralteisky

Vasileostrovsky
Vyborgsky
Kalininsky

32,18

130,04

11116,77

770

643

26102

7

3

0

118

92

4

0

Krasnogvardiysky

57

43

76
50

4

44

1021

197

1278

84

445

186

Moscovsky

13

12

98

0
11

231
215

722

43

Kronshtadtsky
Nevsky

3834,2

Number of residents

299

Kurortny

868,98

Number of residential
buildings

403

Krasnoselsky

1382,54

Number of buildings

Kirovsky

Kolpinsky

721,07

0

56

973

Petrogradsky

381

308

3407

Primorsky

266

240

11584

25

1

Petrodvortsovy
Pushkinsky

Frunzensky
Tsentralny
Total

246

170

0

0

32

269

191

3236

2580

136
0

8611

54351

Table 3.9. Balance of the buildings and residents of Saint Petersburg vulnerable to flooding as a result of the surge
floods with possibility of once in 10 years (the actual climatic situation)
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Number of buildings

Number of residential
buildings

Number of residents

Admiralteisky

905

774

31942

Vyborgsky

11

7

1

District

Vasileostrovsky
Kalininsky

169

142

8

5

413

45

10

Kirovsky

444

335

Krasnogvardiysky

72

56

Kolpinsky

Krasnoselsky

76
69

710

10513

82

1877

243

Moscovsky

14

13

Nevsky

98

0

1021

305
764

189

60

Kronshtadtsky
Kurortny

3304

56

1058

Petrogradsky

474

403

Primorsky

360

331

20454

25

1

Petrodvortsovy
Pushkinsky

Frunzensky
Tsentralny
Total

288

199

0

0

31

290

209

4378

3639

3856
139
0

11488

86322

Table 3.10. Balance of the buildings and residents of Saint Petersburg vulnerable to flooding as a result of the surge
floods with possibility of once in 100 years (the actual climatic situation)
According to the performed assessments (Tables 3.9,
3.10), in conditions of the observed climate changes the
most vulnerable to the negative impact of water as a result
of the coastal infrastructure flooding are the residents of
Admiralteisky (26102 people – with probability of surge
districts. Despite actual protection of the central areas of
the city from flooding, the analysis considered potential
possibility of water rising in the Neva Bay, including
emergencies, to the level of 2.1 m BS. A large number of
Admiralteisky and Primorsky districts residents falling
into the flood zone is explained by the coastal area
development in these areas, as well as by the terrain
features.

flood occurrence of once in every 10 years; 31942 people –
with probability of once in 100 years) and Primorsky
(11584 people – with probability of once in 10 years;
20454 people – with probability of once in 100 years)
which is defined by seasonal climatic changes. In the
insular part of the city the hydrodynamic structure of the
ground water is defined mainly by the man-induced
factors. Continuous sealing of the territory leads to its low
dependence of the climatic changes. Flattening of the
extreme values of the levels and slight annual amplitude of
oscillations are underlined. Lack of active ground water
drainage areas within the historic center of the city
predetermines their stagnant hydrodynamic structure and
flooding of the territory.

3.3.3. Ground water flooding

The risk factor of flooding Saint Petersburg territories
with ground water is primarily associated with the
phreatic water horizon being the first that lies under the
surface. This water-bearing layer is developed in Saint
Petersburg almost everywhere and is characterized with
high level of ground water standing, which under certain
conditions can lead to flooding of the underground
structures (basements of the buildings, foundations,
subways, garages, etc.).

To explore the possibility of Saint Petersburg territory
flooding with ground water, the information was collected
on the ground water levels (GWL) and their structure on
993 representative wells within the framework of the
project. Based on the collected information the conditions
of ground water feeding, flowing off, structure were
studied, the areas with different types of ground water
structure were defined and the predicted maximum
ground water level ensuring in the reference wells was
calculated.

There are 2 subtypes hydrodynamic structure of ground
water in Saint Petersburg. Peripheral northern,
northeastern and eastern areas with the dispersed
buildings and plenty of green spaces are characterized
with regular and slightly violated hydrodynamic structure,

To assess the probability of flooding with ground water,
the city territory zoning was performed considering the
depth of GWL. When zoning, the method of analogies was
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used in respect of geological and lithological structure of
water-bearing rocks, terrain, type of structure and
synchrony of the ground water levels changes. The
following gradation of GWL depth: less than 0.5 m, 0.51.0 m, 1.0-1.5 m, 1.5-3.0 m and 5 m.

long-term
observations.
Interdependences
were
determined on the basis of GWL routine measurements in
the wells of the federal and territorial network of ground
water monitoring and hydrometeorological data on
atmospheric precipitation in Saint Petersburg. Data over
the 20-year period from 1992 to 2012 was used for
calculation. Calculation of interdependences was
performed for 61 wells, characterized by different types of
ground water structure: natural or slightly violated and
man-induced compensated. The examples of calculated
interdependences for the wells with natural and maninduced compensated structures are presented in form of
graphs and regression equations in Figure 3.33.

In order to assess this risk factor dependence on climate
changes for the territory of Saint Petersburg, simulation of
GWL depth for different scenarios of the climate change
was performed.

Simulation was performed in two stages. The main task of
the 1st stage was to define interdependences between
GWL in wells and the precipitation amount according to

monthly average
groundwater level, m

0
0,5

y = -0,0086x + 2,2821

1
y = -0,0019x + 2,039

1,5

скв 11202180 (нар)
скв 11202191 (ест)

2

Линейная (скв 11202180 (нар))

2,5

Линейная (скв 11202191 (ест))

3
0

50

100

150

200

250

monthly precipitation, mm
Fig. 3.33. Regression equations for two drainage conditionsа

In the course of the 2nd stage the calculation of
groundwater levels change in the wells under different
scenarios of climate change on the basis of the established
interdependences was performed. The results of climatic
parameters calculation for the period of 2013 - 2100
based on the climate model ECHAM5 were used as data on
atmospheric precipitation. Initially, the calculation was
performed for three climate change scenarios - A2
(pessimistic), A1B (balanced) and B1 (optimistic).
According to the results of calculation the zoning maps of
GWL depth in Saint Petersburg under various scenarios of
climate change were drawn up. The simulation results
obtained for optimistic and balanced scenarios were
nearly identical, and therefore the further calculations
were carried out for only two climate scenarios optimistic and pessimistic.

The balance of the city territories vulnerable to possible
negative impact of ground water for the actual climate
situation and future climate changes is given in Table 3.11.

The results of the spatial analysis of the data clearly reflect
the changes in the area of probable flooding of the city
with ground water in different climatic conditions.

The greatest changes in GWL depth against the current
situation are typical for the optimistic climate scenario.

This dependence can be traced primarily in the territories
with natural and slightly violated type of structure typical
for the peripheral parts of the city with dispersed
buildings and green spaces (particularly Kurortny,
Kalininsky, Vyborgsky). Similar changes are typical for
Petrogradsky (island part, parks, green areas) and
Vasileostrovsky (the territory of the Botanical Garden of
St. Petersburg University) districts.

The maps of GWL depth and the risk of ground water
flooding for the actual climate situation and for optimistic
and pessimistic scenarios of the climate change are shown
in Fig. 3.34-3.39.

In the area of Sestroretsky expansion the rise of the levels
from the depths of 0.5-1.0 m and 1.0-1.5 m to the depth of
0.0-0.5 m is forecasted at certain areas (of the southeastern part).

Comparison of the cartographic materials clearly reflects
the change in the area of probable flooding of the city
territory with ground water in different climatic
conditions.
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A well-drained, substantially dissected area located near
the Suzdal Lakes is characterized by more complex
variability of the ground water level. Slight rise can occur
at the are with the ground water level of 0.5-1.0 m. The
modeling predicted levels are set at a depth of 0.0-0.5 m.
According to simulation results the forecasted levels here
are set at the depth of 0.0-0.5 m. Ground water level in
such area depends primarily on the underground inflow
and outflow, and to a lesser extent – on the amount of
precipitation. In the areas with the depth of 3.0-5.0 m the
situation is the same, since the ground water level for this
local hydrogeological structure is defined by the local
erosion basis, which is the Suzdal Lakes, and, accordingly,
the amount of precipitation have practically no impact on
the rise of the levels in this area. A similar situation is
observed at the drained and well-drained areas in the
north-western part of Kurortny district, in the southern
part of Petrodvortsovy and Krasnoselsky districts.

Vasileostrovsky districts), it is characterized by practically
no GWL changes. This area is characterized by maninduced compensated (violated) type of structure due to
the influence of the old building development,
continuously asphalted, the influence of storm and
domestic collectors, various underground utilities and
embankment facing of the Neva River and its confluents,
etc.
Pessimistic climate scenario is characterized by minimal
changes of GWL depth in comparison with the actual
climatic situation. The exceptions are areas located to the
south-east of Sestroretsky expansion, where the levels
rose from the depths of 1.0-1.5 m to the depth of 0.51.0 m; at the areas along the northern coast of the Gulf of
Finland (Kurortny district) where the levels rose from the
depths of 1.5-3.0 m to the depth of 0.5-1.0 m.

As a whole, the results of the ground water level depth
simulation prove that the pessimistic scenario anticipating
shorter winter periods (i.e., a "warmer" scenario) is less
dangerous in terms of the risk of ground water flooding.

As to the central part of the city (Nevsky, Tsentralny,
Moscovsky,
and
partially
Petrogradsky
and

Fig. 3.33. Ground water level map

44

SOUTH-EAST FINLAND - RUSSIA ENPI CBC 2007 – 2013
Climate Proof Living Environment (CliPLivE)

Fig. 3.34 Ground water underflooding risk map

Fig. 3.36. Ground water level map (optimistic scenario)
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Fig. 3.37 Ground water underflooding risk map (optimistic scenario)

Fig. 3.38. Ground water level map (pessimistic scenario)
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Fig. 3.39 Ground water underflooding risk map (pessimistic scenario)

District

Area, ha
Current climate conditions

Optimistic scenario

Pessimistic scenario

145,27

120,85

120,85

Vyborgsky

10133,73

10481,42

10481,43

Kirovsky

3807,43

3824,67

3824,67

Krasnogvardiysky

5286,58

Admiralteisky

Vasileostrovsky
Kalininsky
Kolpinsky

Krasnoselsky

Kronshtadtsky

0,00

751,78

3543,8

3640,14

9704,18

9704,18
5328,48

8655,04

8665,53

1481,53

1483,7

0,00

3640,15
9704,18
5315,21
8665,53
1483,7

Kurortny

15345,26

23166,2

22003,68

Nevsky

5674,01

5682,12

5674,01

Moscovsky
Petrogradsky

7180,59

7193,34

904,38

1443,65

7180,6

1108,75

Petrodvortsovy

10349,13

10354,47

10354,47

Pushkinsky

23653,26

23749,13

23749,13

Primorsky

Frunzensky
Tsentralny

10360,94

10538,78

3612,87

3612,87

234,89

234,89

120072,9
129976,2
Total
Table 3.11. Balance of the city territories vulnerable to ground water flooding
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Number of buildings

Number of residential
buildings

Number of residents

Admiralteisky

945

853

32318

Vyborgsky

899

853

30444

District

Vasileostrovsky
Kalininsky
Kirovsky

Kolpinsky

626

619

234

230

0

0

0

0

42111
9284
0
0

Krasnogvardiysky

18

17

1378

Kronshtadtsky

1

1

0

Krasnoselsky
Kurortny

0

0

0

2699

2600

1675

Nevsky

21

18

343

Petrodvortsovy

18

17

48

Moscovsky
Petrogradsky

0

0

0

0

0
0

Primorsky

189

177

3578

Frunzensky

0

0

0

Pushkinsky
Tsentralny
Total

0

0

1259

1203

6909

6588

0

45014

166193

Table 3.12. Balance of the buildings and residents of Saint Petersburg vulnerable to the ground water flooding (the
actual climatic situation)
The results of the vulnerability assessment performed for
residential and non-residential buildings of the city, as
well as for the residents of certain districts of Saint
Petersburg, vulnerable to the adverse impact of the
ground water for the actual climate situation, are given in
Table 3.12. According to the performed assessments, the
potential damage due to high GWL (that reaches the
surface in some places) can be made to almost 7 thousand
buildings in the city, herewith the greatest risk of flooding
exists for the facilities located in the coastal area of

Kurortny district (2699 buildings), for the buildings
located in the sealed territory of Tsentralny,
Admiralteisky, Vyborgsky and Vasileostrovsky districts.
The residents of the most densely populated central
districts – Tsentralny (45014 people), Vasileostrovsky
(42111 people), Admiralteisky (32318 people) and
Vyborgsky (30444 people) districts – are the most
vulnerable to susceptible to the adverse impact of the
ground water.

3.4. Integrated natural risk assessment
Assessment of the integral impact of all studied natural
risk factors existing for the territory of Saint Petersburg
was held for the actual climatic situation.

characterizes the preconditions causing particular type of
hazard in the area, however, it cannot be considered as the
rate of the hazardous event probability (for instance, the
frequency of the groundwater level rising or the rate of
karst development, etc.).

The maps of risks caused by certain hazardous natural
processes have been consolidated into a single screen so
that each cell of the matrix could be assigned with the
highest risk class of all 11 components. The map drawn up
as a result of such transformations reflects integrated
assessment of all studied hazardous natural processes
(Fig. 3.40).

The balance of the city territories and the number of
residents exposed to complex risk is presented in Tables
3.13, 3.14. As a whole, the territory of the city can be
characterized as an area with potentially moderate
integral risk (almost 49 thous. hectares or 36.0% of the
territory), 1.5% of the city territory is exposed to
potentially very high integral risk. Herewith, the greatest
number of residents of Saint Petersburg is concentrated at
the territory with potentially high integral risk (3.5 mln.

As already mentioned, the risks in the applied
methodology are considered as potential. Thus, the value
of the natural risk factor assigned a specific territory,
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people or 83.6% of population), the smallest – in the areas
with potentially low integral risk (16941 people, or 0.04%
of population).

suggested that all eleven natural risk factors are equally
important in the calculation of the integrated geological
risk assessment, but the procedure gives the possibility to
use, if necessary, a system of weighting for describing the
contribution of each of the factors. It is also possible to use
the average of all characteristics (with equal weights), but
this would even out the integrated risk value and hide
important locally high values.

The described analysis of eleven natural risk factors
combined with land use is the first attempt to determine
whether the geological environment is favourable for
urban development planning. At the moment, it was

Fig. 3.40. Integrated risk map

Area, ha
District

Potentially low
risk

Potentially
medium risk

Potentially high risk

Potentially very
high risk

Admiralteisky

253,9

724,6

209,2

59,4

Vyborgsky

3418,2

3983,9

3662,3

185,6

Kirovsky

638,5

1128,5

2228,8

10,8

719,3

1417,7

Vasileostrovsky
Kalininsky

251,0
510,1

Kolpinsky

3015,9

Krasnoselsky

1913,6

Kurortny

21130,6

Krasnogvardiysky
Kronshtadtsky
Moscovsky

511,5
312,9

630,6
836,4

3049,8
2990,9
463,9

3405,9
3369,1
49

527,0

2252,6
3530,8
3143,0

85,1

333,3
96,8
27,3

3442,0

325,5

777,4

85,3

388,0

3595,7

0,0
0,0

SOUTH-EAST FINLAND - RUSSIA ENPI CBC 2007 – 2013
Climate Proof Living Environment (CliPLivE)

Area, ha
District

Potentially low
risk

Potentially
medium risk

Potentially high risk

Potentially very
high risk

Nevsky

610,4

1415,3

3521,2

115,4

Petrodvortsovy

3401,2

4339,5

2654,3

0,0

Pushkinsky

2479,1

14980,4

5102,6

235,2

775,3

Petrogradsky
Primorsky

Frunzensky
Tsentralny
Total

417,3

2819,7
326,9

42965,0

368,3

3917,6
1137,3

48934,8

Table 3.13. Balance of the city territories exposed to the complex risk

734,7

0,0

3667,9

213,7

2195,0

51,3

428,6

42061,0

233,6
96,0

1919,0

Number of residents, people
District

Potentially low risk

Potentially
medium risk

Potentially high risk

Potentially very
high risk

Admiralteisky

1004

115758

15706

7651

Vyborgsky

1092

7109

358562

8970

308540

Vasileostrovsky
Kalininsky
Kirovsky

1310
1451
12

Kolpinsky

1200

Krasnoselsky

109

Krasnogvardiysky
Kronshtadtsky

135

292801

1378

353

17923

139

39933

Frunzensky

943
539

16941

2210
3161
7510

41103

24922

3725

417232

20260

77824

0

101021

11608

23704

258275

3120

55

1035

Total

151896

251967

Primorsky

Tsentralny

5278

34624

5082

181

Pushkinsky

1554

359900

429

Nevsky

Petrodvortsovy

5923

26581

24368

6926

Petrogradsky

2814

70658

28

Kurortny

Moscovsky

75674

12941

0
0
0

17249

388531

43901

7861

319670

13578

433666

3563842

249843

82064

72333
81063

0

21835

Table 3.14. Balance of the residents of Saint Petersburg exposed to complex risk (the actual climatic situation)
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4. Practical recommendations on climate change adaptation measures
for St.Petersburg area
4.1. Climate change impact on sectors and assets of St.Petersburg municipal economy
The most dangerous weather phenomena seem to be
strong snowfalls and snowstorms which daily cause
operating irregularities of railway stations, hubs and even
whole railway services. Given the fact that railway tracks
are almost always busy, hundreds of switches at major
stations (the station of St. Petersburg has over 300
switches) require manual cleaning involving a large
number of cleaning teams. Another meteorological factor
posing a danger for continuous welded rails is extreme air
temperatures, particularly if they prevail for a long time.
The track condition is also influenced by thawing, rains
and fogs. In addition, extreme temperatures, wind,
precipitation, and ice-crusted ground have an adverse
effect on signaling and interlock systems.

4.1.1. Engineering and transport networks,
transport
Increased number of population, urban development of
new city areas, expanded tourist and commercial
transportation links, increased motorization of St.
Petersburg, where there are already 380 vehicles per
1,000 of population, make it necessary to focus more on
the development of the city’s transport infrastructure. The
extension of the street and road network within the
administrative limits of St. Petersburg is 3,270 km, the
average network density varies depending on the city
district from 2.6 km per sq. km in the newly developed
neighbourhoods to 14 km per sq. km in the downtown
area. Commuter railways within St. Petersburg and the
Leningrad Oblast extend over 2,200 km. And yet, St.
Petersburg has a comparatively low public transport
density (per sq. km) and transport coverage in the urban
area (per city resident), while the underground and
commuter rail transportation systems are at much lower
level than required for a city of such size.

The water transport infrastructure is supported by the
Grand Port of St. Petersburg which includes five port
areas, Vasileostrovsky Cargo Port, Kronshtadt Port and the
Port of Lomonosov. The city has the Passenger Sea
Terminal receiving cruise ships and ferryboats, and the
River Port. The Port of St. Petersburg is linked to the
Baltic Sea by means of a 27-mile long Maritime Canal, and
is open for ship calls all year.

The above-ground transport infrastructure is exposed to
mainly adverse impacts due by climate change. The key
problems caused by the impact of climate change on the
road and transport system include maintaining roads and
tracks, and ensuring safe and uninterrupted traffic under
challenging weather conditions (snowstorms, snowfalls,
fogs, heat and cold waves etc.).

The main danger for river and sea transportation is posed
by ice jams as well as high (mainly, over 10 m high) storm
surges. All of the above results, primarily, in steaming time
losses as well as physical damage to vessels.

An increase in the turnover of Pulkovo Airport, which in
2014 carried 14.3 million people, testifies to fast
development of air transport in St. Petersburg. Today it is
difficult to estimate the impact of anticipated climate
changes on aviation due to lack of information provided by
climatic models on future
conditions in upper
troposphere and stratosphere (change in wind
temperature and velocity as a function of height, depth of
cloud and icing zone, etc.).

In winter, roads are dangerous because of their slippery
condition due to ice-crusted ground, black ice, and packed
snow. A slippery road is caused both by meteorological
and road conditions, above all the road surface
temperature. According to the experts, if the snow cover
growth rate is over 20 cm per day, or the snowfall
intensity is over 0.4 mm/min., traffic becomes hazardous,
and if the snow cover growth exceeds 30 cm, traffic proves
impossible for most of the vehicles. Preliminary data show
that in the month of January in the middle of the 21st
century in the Northwest Federal District of Russia, there
will be 14 to 16 days with motorway icing risks.

Due to the impact of certain climatic factors, the facilities
of the city’s engineering infrastructure also become not
less vulnerable.

Water supply in St. Petersburg is based on surface and
underground sources. The key source of water supply is
the Neva River, which provides around 97% of water.
Approximately 70% of the city area has a combined sewer
system where household and industrial effluents as well as
surface waste water (rain and thawed water) are
discharged. The city’s water supply network extends for
6,755 km, and its sewage network – for 8,240.6 km, with

During the whole year, another danger faced by motor
transport traffic is linked to visibility deterioration (at
night < 1000 m, in daytime < 300, < 100, < 50 m).
Dangerous phenomena such as strong fog, snowstorm,
snowfall, winds with a velocity of more than 20 m/sec.,
and particularly, their combination, create hazardous
situations on the roads. The global warming has
contributed to an increased repetition of the above
phenomena.
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64% and 44% of the networks respectively already worn
out after having being operated for more than 40 years.

4.1.2. Construction
Construction process includes a series of stages such as
the sitting of buildings, project-specific engineering to
ensure the temperature rate of the buildings, strength of
load-bearing structures and foundations, building
durability, and civil engineering work, which makes it
necessary to take into account the changing climatic
parameters at each of the construction stages.

With respect to the water and sewage networks, higher air
temperatures, occurrence of heat/cold waves and
excessive fallout of precipitation may result in
unpredictable soil abrasion and movement, which may
destroy network integrity. Sharp temperature drops
combined with prolonged fallouts also cause the freezing
of thawed water and rainwater inlets. The negative impact
of water (fallouts, storm surges, ice jams) may bring about
increased hydraulic load on the sewage networks, with
water leaking into the terrain, and – not unimportantly –
Neva water from the water source getting into the
distribution water supply network of St. Petersburg.

The occurrence of extreme atmospheric loads (snow, wind
and ice loads, as well as temperature impacts) and failure
to fully comply with the operating regulations results in a
situation when many housing properties in St. Petersburg
are operated at a low safety margin which brings about a
high probability of destruction and accidents.

The gas distribution network of St. Petersburg is also
exposed to a certain load due to climate change. The total
extension of gas pipelines in St. Petersburg is 7,321 km out
of which 81% (5,905 km) is underground pipelines and
19% (1,416 km) is above-ground gas lines. Network
vulnerability grows when they are operated beyond their
standard service life. According to official estimates, 2,276
km (59%) of underground gas lines have been operated
for more than 40 years.

The reasons for increasing the load on roof structures,
canopies, fencing and drainage pipes are an increase in
average annual amount of precipitations and the intensity
of precipitation events, as well as the occurrence of icings
and snow icings (icicles), caused mainly by the increase of
the quantity of thaws during the winter season.

The amplitude loss of the annual cycle of temperature may
favorably affect the durability of buildings and structures,
while the impact of water (change of regime and intensity
of precipitation events and mode of occurrence of
groundwater, surface water flooding), increased frequency
of temperature transitions through 0 during the winter
season shall be of a negative nature.

A potential threat may be posed by the formation in the
gas pipeline of hydrated compounds of hydrocarbon and
water, which freeze and create obstruction at low
temperatures in winter, which results in reduced or
completely interrupted gas transfer in the pipeline. Nonuniform temperature distribution along the pipeline route
may create thermic tension in pipes resulting in their
corrugation and gas pockets formation. However, such
phenomena occur extremely seldom, and no survey has
been conducted in St. Petersburg so far to find out if it is
really an issue.

Thus these effects necessitate updating of the existing
regulations and regulatory documents that contain the
basic “unstable” hydro and meteorological standards.
However, it should be understood that even the adoption
of new normative values retains a rather high probability
of their exceedance during the estimated construction and
operation period.

Fully depreciated gas pipelines are the most likely source
of accidents. The problem is real issue in city districts such
as Admiralteysky, Central, Nevsky, Petrogradsky and
Vasileostrovsky where there is no space to re-lay gas
pipelines, or increase their diameters while there is a
large number of installations that require local heat
sources, which may result in a higher load on gas
distribution networks.

The implementation from January 1, 2013 of the set of
rules SR 131.13330.2012 “Building climatology. The
updated edition of SNIP 23-01-99*”, which reflects the
trends of the on-going changes compared to the previous
edition of the document, is one of the first steps towards
this direction.

Many specific hydro and meteorological characteristics
used in the design of engineering and transport
infrastructure of the city are represented in the
departmental normative legal acts. For example, this
applies to such indicators as the intensity of the rain q20,
l/s per hectare, lasting 20 minutes at a single period
exceeding the estimated rain intensity equal 1, and the
average amount of rain for the year mr, presented in SR
32.13330.2012 “Sewerage. External networks and
facilities. The updated edition of SNIP 2.04.03-85 “. In the
current edition of the SNiP the intensity of precipitation
events is considered as 60 l/s/ha. Thus, by the year 2100
the intensity of precipitation events could increase to 20 %
(i.e., to reach 76 l/s/ha), while estimates over the period
1981–2010 show that this quantity is equal to 63.3 l/s/ha.

High temperatures, frequent heat/cold waves may result
in the corrosion of thermodynamically unstable materials.
To protect above-ground gas pipelines from galvanic
corrosion, St. Petersburg operates 2,356 protection units
that ensure quite a high level of network protection – 94%,
which greatly reduces the corrosion vulnerability of the
city’s gas lines.
Frequent temperature rises in winter and increased
number of liquid precipitation fallouts including freezing
rain as well as increased wind loads may aggravate the
risk of dangerous ice crust formation and power
transmission line accidents (cable breaks and support
destruction).
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Regional guidance document “Snow loads for Saint
Petersburg” 20-19-2013 has been developed relatively
recently to ensure the reliability and safety of construction
facilities while projecting the buildings and structures
taking into account physical and geographical conditions
of snow cover in the city.

defined in existing documents of territorial planning and
zoning of Saint Petersburg. Thus, it should be understood
that the inclusion of global warming, strengthened by the
regional climatic features, in these documents will allow
the most complex consideration of climate change factors
in almost all spheres of activity of the modern city.

Study of the impacts of climate change on traditional
historically developed activities of population related to
dacha construction, gardening and vegetable gardening is
a rather important aspect. Today the area of land
designated for such activities occupies about 2.6 thousand
hectares of the city territory. This problem should be
distinguished from the study of the impact on agricultural
production, which takes place in Saint Petersburg over the
area of more than 18 thousand hectares. In the first case
we are talking about the social aspects of climate change,
while the consequences for agriculture have a significant
economic component.

4.1.3. Urban planning and land tenure

Urban planning of Saint Petersburg is carried out in
accordance with the Master Plan, approved by the Law of
Saint Petersburg from 22.12.2005 No. 728-99. As urban
planning of the city development since its foundation shall
be made of the conditions of adaptation to complex hydrometeorological conditions of coastal areas of the mouth of
the Neva and the Gulf of Finland. In the current edition of
the Master Plan separate activities are provided aimed at
reducing the negative impact of climatic factors: measures
to prevent natural and man-made emergency situations,
measures to improve the ecological environment and
environmental protection, measures for land use
engineering and others.

Current and forecast for the future climate change has a
positive impact on the traditional activities mainly due to
improved conditions of the heat provision, moisturization,
increase of the duration of the growing and frost-free
periods. In some areas, the traditional activities may be
prevented by increase of flooding during spring floods and
summer-autumn rainfall floods.

In accordance with the Master Plan the following
functional structure of recreational areas of Saint
Petersburg are established – 29 % of the total area of the
city (excluding alluvial areas of western part of Vasilievsky
Island), residential areas – 23 %, industrial zones – 13 %,
areas of engineering and transport infrastructure – 12 %,
the areas of agricultural use – 8 %, public and business
areas – 7 %, areas of special purpose – 4 %, water fund
lands – 4 %.

The main problems of agricultural development in Saint
Petersburg are common to all regions with climate
conditions similar to the North-West region of Russia.
Except for the economic constraints, including poor
investment attractiveness of agriculture in the territory of
the city and the high cost of the main components of the
cost of agricultural products, specific features of natural
and climate conditions also pose certain risks to the
development of agriculture in the territory of Saint
Petersburg. And today the expansion of areas designated
for the development of this sector of the economy, is not
provided by the land-use planning documents.
Nevertheless crop area of agricultural land mainly
concentrated in Pushkinsky, Vyborgsky, Moscovsky,
Petrodvortsovsky, Krasnoselsky and Kurortny districts has
slightly increased over the last years.

Maps of functional zoning of Saint Petersburg showing the
boundaries of territorial zones and limiting parameters of
permitted construction, areas of cultural heritage, areas
with special conditions for land use as well as town
planning regulations reflected in the Rules of land use and
development of Saint Petersburg, approved by the Law of
Saint Petersburg from 04.02.2009 No. 29-10.

Sustainable development of urban complex is based on
compliance with evidence-based standards and rules that
underlie the structural design. The Law of Saint
Petersburg from 14.02.2014 No. 23-9 “On the regional
urban planning regulations applicable in the territory of
Saint Petersburg” contains the minimum estimates of
ensuring favorable living conditions of the population of
Saint Petersburg (including facilities of social and
household purposes, the availability of such facilities to
the public, facilities of engineering and transport
infrastructure, improvement of the land).

The harvest capacity trends caused by climate can serve as
an integral indicator of assessing the impact of the
observed climate changes on agricultural productivity.
According to preliminary estimates, increase of the
harvest capacity on agricultural lands of the city has
already led to a nearly doubled increase in harvesting in
recent years. And even a favorable humid warming can
play a key role. Increases in the population of some heatloving pests can be distinguished among the obvious
negative consequences of global warming.

Regional standards of design must be considered in the
preparation of planning documents of the city, as well as in
the development of proposals for the new edition of the
Master Plan of Saint Petersburg, which are currently under
development.

Currently, the total area of green spaces of all kinds in
Saint Petersburg is estimated at 43 thousand hectares,
representing 30 % of the city territory, with more than
half of the city occupied by urban forests. The share of
natural reserves makes 4 % of the city territory. Nevsky

It should be noted that the problem of observed climate
change and the need to adapt to the urban complex is not
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forest park on the right bank of the Neva, the Central
kurortny forest park in Zelenogorsk, Severo-primorsky
forest park near Olgino – Lisy Nos are considered to be the
largest forest parks among the numerous parks of green
space of Saint Petersburg. The forest parks and parks
occupy an area of 5.3 thousand hectares and 3.8 thousand
hectares respectively in Saint Petersburg and its suburbs.

damage from the reported and predicted climate changes
for specific assets and sectors.

One of the most distinguished consequences of the
ongoing climate warming is the changing profile of the
heating period and air conditioning period. In accordance
with long-term assessments taking into account the nonuniform distribution of the population, the highest
potentially achievable relative reduction in energy
consumption for heating of buildings (approximately by
20% by the mid-21st century) is expected in the Northwest
Federal District, and supposedly, in St. Petersburg. At the
same time, global warming creates a serious problem
related to the implementation of cost-effective air
conditioning systems. Hence, there is an evident need for
an economic assessment of potential reduction in energy
consumption for heating during the cold period of the year
while increasing energy expenditures during the warm
period. For this purpose, the quantitative assessment
should be carried out using the fuel consumption index for
heating (when the average daily air temperature is below
8°С) and cooling (if the average daily air temperature is
above 18.3°С). Therefore, the average daily air
temperature of 18.3°С is regarded as the human comfort
threshold for calculating the index.

Climate change as a whole will improve conditions for
implementation of the core functions of the green space,
which include recreation and provision population’s rest
and leisure. First of all, increase of the duration of the
warm period will contribute thereto.

Some concerns are caused by the increase in the number
of the fire hazardous days as well as increase in the
likelihood of mass reproduction of pests due to global
warming, which can lead to an increase in the forest
pathogenicity. Thus, based on the forest pathology
examination the damaged areas caused by area flooding,
past fires and the spread of pests and diseases were
revealed on the area of 128.4 hectares in the territories of
the urban forests of Saint Petersburg in 2013 and this
indicator is 44 % higher than those for the year 2012.

The specified problems mean a significant increase in the
importance of phytosanitary diagnostics, pathological
monitoring and control for efficient operation of the
agricultural sector and development of green spaces of
Saint Petersburg. In addition, to prevent the occurrence of
pests centers the sanitary and curative measures should
be taken – for example, selective and continuous sanitary
felling in the territory of green spaces.

Having a high level of available water supply, St.
Petersburg is a metropolitan city with a comparatively
high water consumption. In recent years, water
consumption has decreased – from 425 l/day/person in
1992 to 321 l/day/person in 2012. Increased air
temperatures, particularly during summer season, may
result in increased consumption of household water.
Thus, according to the existing estimates for the eastern
part of the UK where the climatic conditions are similar in
summertime, the volume of specific water requirement is
to grow up to 500 l/day/person when the air temperature
grows by 2°С.

4.1.4. Economic consequences

The impact of climate change on the economic
development of St. Petersburg as a whole becomes
increasingly perceivable, with its consequences likely to be
both direct and indirect. Direct consequences suggest
tangible and quite anticipated changes towards economic
development due to the actual vulnerability of some of its
sectors. Indirect economic consequences represent the
reaction of economic sectors to the identified direct
consequences of climate change. This reaction may
manifest itself both in reduced or mitigated impact on the
climate-forming factors and in the adaptation of the key
elements of the economic system to the changed
environment.

The problems of city water disposal are mainly associated
with the damage caused to the environment as a result of
discharging untreated (or poorly treated) storm effluents.
The water supply problems result in more sizable
economic consequences. Due to high depreciation of the
city’s water distribution network, there is a risk of
frequent pipeline breakages, with the consumers
disconnected from water supply including secondary
pollution of potable water. Consequently, additional
expenditures are required to improve the water quality.
Whole districts of the city may be disconnected in case of
an accident at reinforced concrete waterways, which
account for 4% of the total extension of water supply
networks.

Up until recently (the turning point was the adoption of
the Climate Doctrine of the Russian Federation at the end
of 2009), Russia’s economic policy was giving little
consideration to the climate change factor only responding
to the signals related to hazardous hydrometeorological
phenomena and the damage they cause. Assessing today
the prospects of economic development of the Russian
Federation as a whole and St. Petersburg in particular, as
well as assessing the related extent of economic system
vulnerability takes a detailed calculation of the economic

The existence of houses connected not to outside water
networks but via in-house networks results in increased
number of consumers disconnected for routine
maintenance or emergency work, and besides it does not
allow proper metering of the quantity of consumed water.
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The expenditures and losses of potable water in the water
supply networks including those resulting from incidents
totalled 86,229,000 cub.m (or almost 13% of the total
volume of supplied water) in St. Petersburg in 2012. One
of the priorities for the implementation of a new Water
Supply and Water Disposal Scheme of St. Petersburg is
reducing this indicator down to 8% but even this value
cannot be regarded the ultimate limit.

Air temperature not only determines the heating mode
and durability of buildings – it also governs the intensity of
snow thawing. The cyclonic nature of weather, with
western winds prevailing in the cold season, and
frequently changing air masses are responsible for the
high frequency of frosts and thaws. All of the above factors
result in heat losses of buildings and facilities. Hence, it is
already possible to define the key principle of adjustments
for climatic conditions in construction, which consists in
ensuring an optimal (depending on the purpose)
microclimate inside the buildings, as well as adequate
reliability and durability of structures for minimal energy
consumption for the heating and ventilation of buildings.
In general, changing some of the climate parameters has
an effect on the duration of the construction season and
work performance technique.

The outdated design of fire hydrants results in cases of
freezing during the winter period, which reduces the
reliability of the city’s fire water supply.

Heat and gas supply to the city is also susceptible to the
impact of climate change. Heat and gas supply may be
interrupted due to the negative impact of surface and
underground waters (gas pipeline heaving, breach of
integrity etc.).

The economic consequences of climate change are also
sizable in the transport system of St. Petersburg. Over the
past 30 years, the Gulf of Finland of the Baltic Sea has seen
a shift in the typical ice phase dates: 4 to 8 days towards
later dates for the dates of first ice, and 3 to 8 days
towards earlier dates for the dates of ice clearance of the
sea. Increased duration of the navigation period in the Gulf
of Finland will result in an increase of the competitiveness
of St. Petersburg’s sea ports and cargo and passenger
flows. At the same time, the likelihood of storms will grow,
which may hinder navigation in the Gulf of Finland and
inland waterways of St. Petersburg.

In accordance with the Decree of the President of the
Russian Federation dated 04.06.2008 No.889 ‘On Certain
Measures Towards Increasing the Energy and
Environmental Efficiency of the Russian Economy,’ it is
necessary by 2020 to ensure reduction in the energy
intensity of the country’s GDP by at least 20% compared to
2007.

By its GRP’s energy intensity, St. Petersburg is one of the
leading constituent entities in the Russian Federation,
which is due to the special structure of the region’s
economy as well as the activities of the Government of St.
Petersburg aimed at implementing the government policy
of energy saving and increased energy efficiency, with
relevant regional documents adopted.

As a result of increased repetition frequency of hazardous
phenomena, the number of late flight departures and
arrivals may grow, which would also have an effect on the
development of the economic potential of air transport.

The bulk of energy saving potential of the city (45%) is
linked to the housing stock, with manufacturing industry
holding second place (31%). At present, for lack of
automated control system for heat consumption by
buildings, excessive consumption of energy for heating
and hot water supply in case of centralized heat supply is
most remarkable. Reduction in the general life service and
overhaul period of heating network pipelines and boiler
house and cogeneration plant equipment is also a burning
issue.

From the perspective of economic security, consequences
for public health imply reduced labour productivity and
work performance due to the adverse impact of extreme
and hazardous natural phenomena, change in the living
environment and economic activities, which, in the final
analysis,
prevail over the positive medical and
environmental effects of climate change.

Climate change dictates the need for changing the
established conditions of socioeconomic development,
which in their turn require changes in the way of life and
economic behaviour of the population and the
development vectors of economic sectors at all levels. At
the microeconomic level, these changes involve changes in
household activity as well as changes in production
technologies and forms of company setup and
management to ensure their adaptation to the new
weather and climate conditions. At the mezzo- and
macroeconomic levels, there is a need to adjust mid- and
long-term programmes of sectoral and regional
development, as well as the economic policy at the
regional and federal levels.

As a local means of housing adaptation to cut energy
losses, it is necessary to introduce automatic lighting
control systems for common facilities, and automated
domestic heating plants with a weather adjustment device,
to upgrade the lift equipment, and take various measures
to reinforce thermal protection. In addition, to make full
use of the benefits related to global warming, it is
necessary to switch over to wide use of modern
technologies of energy generation using alternative
sources in combination with integrated modernization of
the heat supply system and heating networks. It is also
necessary to improve the level of engineer support
facilities for the buildings and develop regional energy
systems taking into account increased energy requirement
during the summer period.
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prolonged hot periods, which occur extremely seldom.
This result, counter-intuitive for many St. Petersburg
residents, has been affirmed by epidemiologic research,
which revealed that with increased duration of cold waves
their impact grows. Thus, for the waves longer than 7 days,
for all of the surveyed cities, the average increase in
additional mortality due to ischemic heart disease was
32%, for cerebrovascular diseases including heart attack –
42%, and for all natural causes 26% as a whole. For cold
waves lasting 5 to 7 days the indicators were noticeably
lower at 21%, 24% and 15% (Revich, Shaposhnikov,
2012).

4.1.5. Public health
Direct and indirect influence of climate change on public
health is diverse. An example of direct impact is an
increase in human disease and mortality rates on the days
of abnormally high and/or low temperatures, as well as
increased number of fatalities, injuries, and post-shock
conditions resulting from floods, storms and other adverse
meteorological situations. Indirect influence is manifested
through deteriorated conditions of human lives including
those resulting from hazardous natural phenomena and
disasters – in particular, manifested through damage to
houses and utilities infrastructure due to climate change,
shortage of proper quality potable water, deteriorated
road quality, increased level of air pollution etc. Climatic
conditions are also a factor responsible for the growth of
infectious and parasitic diseases because they cause
changes in the traditional realms of aetiological and
carrying agents of these diseases.

The gravest consequences were caused by heat waves in
the summer of 2010 by a blocking anticyclone,
unprecedented by its duration. In July 2010, the mortality
rate in St. Petersburg during the chopped heatwave made
up by three separate waves of 4 to 6 days each, grew by
30.2% compared to the same period of 2009 (4,400
additional deaths), with circulatory diseases alone
resulting in 2,800 additional deaths (Revich, 2011). In
Northern cities including St. Petersburg, for relatively
prolonged heat waves the adverse effect decreases with
the growth of wave duration but only if the waves are not
so long as in the summer of 2010. The authors (Revich,
Shaposhnikov, 2012) explain it by the “harvest effect”
when a large number of additional deaths occurs within a
period of time which is shorter than the heatwave
duration.
However, as demonstrated by the data for
Moscow, the highest danger for population’s health was
due to a particularly prolonged uninterrupted heatwave
(in Moscow, in the summer of 2010 year, it lasted for 44
days), which resulted in a record-beating number of
additional deaths of almost 11,000 (Revich, 2011). This
value was confirmed by the statistical mortality model
developed jointly with the Institute of Environmental
Medicine, Karolinska Institute, Stockholm (Shaposhnikov
et al., 2014).

According to the estimates of the World Health
Organization (WHO), climate change today is responsible
for approximately 150,000 untimely deaths in the world
(0.3% of the total number of deaths). By 2050, a further
increase in population mortality by about 1.0-1.5% is
expected in Europe due to climate warming. A major role
is played by heatwaves, the frequency and duration of
which are increasing. However, climate change may have a
favourable effect on public health, above all, due to less
severe winters and reduction in low temperature diseases
associated with severe winters.

The residents of St. Petersburg are susceptible to coldrelated diseases of lungs and upper respiratory airway
resulting from the impact of low temperature, strong wind
and increased air humidity. Flu outbreaks are also
widespread as a result of the formation of conditions for
virus replication in air cells and their subsequent massscale airborne transmission. The impact of cold increases
the frequency of injuries (freezing injuries, hypothermia,
accidental injuries etc.) and cardiovascular, respiratory,
circulatory and skin diseases. Currently, the Northern
Pneumonia effect has been reported in St. Petersburg
resulting from the development of the syndrome of
northern primary hypertension of lesser circulation.

Cold/heat waves have differing effects on population’s age
groups. According to the reported data, additional
mortality rate due to heart attacks and all natural causes
during cold waves is higher for elderly people than for
younger working population.
In addition to growing winter temperatures, there is a
trend in St. Petersburg, just like in the rest of Russia, for
lower average wind velocity, which does not only lead to
the sensation of a better physiological comfort but also
reduces the incidence of some of the cold-related and
infectious diseases.

The warming of winter months forecasted for the 21st
century will improve the seasonal health indicators of the
St. Petersburg population, primarily, through reduction in
the mortality rate due to cardiovascular and respiratory
diseases. However, increased heatwaves during summer
months will have a contrary effect. No comparative
analysis of heat and cold waves has been conducted
specifically for St. Petersburg’s conditions but it’s possible
to obtain a certain peer assessment using survey data for
other cities – Moscow, Tver, Murmansk (with a population
of 318,000 people), Archangelsk (355,000 people),
Yakutsk (246,000 people.), and Magadan (100,000
people). According to the surveys, in Northern cities, St.
Petersburg being one of them, cold waves have a stronger
effect on population mortality rate than heatwaves, except

Climate change has an effect on the prevalence rate of
natural-focal diseases changing the existence conditions of
carrier populations and the development conditions of
transmitters in the carrier, which results in changing the
possibilities for the transmission of many human and
animal diseases carried by arthropods. This changes the
existence conditions of populations of vector-borne
disease carriers and the development conditions of
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transmitters in the carrier, which in its turn changes the
possibilities for the transmission of many human and
animal diseases. An increase in the ambient temperature
accelerates the transmitter’s development in the carrier’s
organism while making the transmission process more
effective, expanding its range and facilitating disease
transmission. Climate change that took place in Russia in
the 20th century influenced the spreading of natural-focal
infections, including to the boundaries of the range of
transmitters, carriers and hosts, as well as on the type of
focus location within the range. The impact of climatic
factors on natural-focal infections also strengthens the
effect of various other factors of non-climatic nature:
environmental, demographic and socioeconomic. In
particular, the incidence of tick-borne encephalitis
depends on vaccination volume, focus suppression by
means of non-specific prevention, increased frequency of
population’s contacts with transmitters and carriers at
truck patches. Disease incidence is also affected by cyclical
fluctuations in the number of carriers and vertebral hosts.

natural focuses. However, it is quite effective to remove
water from the basements of residential houses,
particularly in old building, to prevent their flooding and
submergence. Such measures have considerably improved
the situation compared to what it was 10 years ago.

Predicted temperature and precipitation changes will
influence the accessibility and quality of potable water and
the number of water-related infectious diseases. A number
of countries have proved that increased average monthly
temperature of air and, accordingly, water bodies, results
in an increase in the number of cases of bacterial
dysentery, campylobacteriosis, salmonellosis, and other
gastroenteric diseases.
The publications (e.g. Arctic Public Health Report, IPCC
2014) set forth three underlying principles to be used as
the basis for federal and regional programmes for
prevention and elimination of adverse effect of climate
change on public health:
- preventive actions principle using timely measures
to notify the authorities concerned and the other
stakeholders of the potential consequences of
climate change on public health, and to eliminate the
existing focuses/causes of this effect;
- cautiousness (provenance) principle aimed at
preventing the negative influence of climate change
on public health by means of conducting assessments
and preventive epidemiological activities;
- ethical Principles for Medical Research adopted by
the World Medical Association.

Another example is the West Nile fever, which is a naturalfocus viral infection transmitted by mosquitoes. The virus
may infect many bird and mammal species. Even though it
originates from tropical Africa, it has already been found
in Arctic mosquitoes. In St. Petersburg, mosquitoes, which
inhabit building basements and remain active for many
months create a serious problem. Climate warming
improves the living environment of local transmitter
mosquitoes, which contributes to the formation of new

4.2. Practical recommendations for climate change adaptation and stages of
recommendations implementation
- amending the existing statutory and regulatory
documents with a view to modify the guidelines of
structural engineering and operation of buildings
and facilities;
- taking into account the climatic factor for developing
documents related to urban planning, land
management and socioeconomic development of the
region;
- improving collaboration between government
agencies, self-government bodies, private business,
and the public with a view to develop effective and
economically beneficial adaptive measures;
- developing a system to insure weather and climate
risks;

4.2.1. Practical recommendations
The adaptive measures should aim at addressing the
following priorities:

1) to increase the information potential:
- improving the information tools and techniques used
to monitor the processes of climate change and
climatic risks assessment (developing a database for
the measured and forecasted hydrometeorological
information, as well as for the results of
paleoclimatic reconstructions; estimating the
economic and environmental damage, assessing the
impact on population’s health, assessing the
vulnerability of the sectors and assets of municipal
facilities, population groups etc.);
- enhancing information culture of society (both
decision-makers and the public) and its intellectual
potential related to climate change;
- strengthening intersectoral, interdepartmental,
interregional and international cooperation in the
field of adaptation.

3) to shape and enhance the adaptive potential:
- analyzing the resource potential with a view to
ensure efficient use of resources (analysis of
economic sectors including the availability of
resources for sector/region; establishment of an
efficient system of power consumption monitoring,
development of renewable energy);
- timely identifying damaged portions of transport and
engineering networks as well as buildings in need of
rehabilitation;

2) to strengthen the managerial potential, developing the
legislative framework:
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- mapping the vulnerable zones, developing special
regime zones with a view to streamline land
management in the areas exposed to environmental
risk;
- improving the public address system and the ability
to respond to emergencies;
- preventive measures for the strata and groups of
population vulnerable to climate change (conducting
seasonal and current epidemiological activities,
monitoring infectious disease incidence among the
population) and agricultural and forestry assets
(timely
phytosanitary
diagnostics,
forest
pathogenicity monitoring);
- assessing the economic and environmental damage
as well as damage to public health due to climate
change; economic assessment of the efficaciousness
of prioritized adaptive measures (cost-benefit
analysis);

• monitoring of status of the hydraulic structures,
reducing the number of ownerless hydraulic
structures;
• improvement of drainage systems, mainly due to an
increase in their capacity;

• improving the system of notification and response
capabilities in the event of a flood.

Among the measures to reduce the likelihood of areas
flooding the following ones are recommended due to the
free groundwater and confined groundwater:
• improvement of the legal framework governing the
construction and operation of facilities in the
potentially waterlogged areas; monitoring compliance
with the regulatory requirements;

• implementation of effective drainage measures during
construction in potentially waterlogged areas,
regarding the negative effects during construction:

4) to reduce the vulnerability risk and extent based on
technological solutions:
- changing the operating conditions of the assets of
municipal facilities (reducing the planned service life
of pipelines; using advanced materials for
construction; in potentially floodable areas – using
the lower floors of residential houses for
administrative purposes);
- amending the guidelines for construction and
structural engineering (increasing foundation
depths, replacing unreliable soil, increasing the
throughput capacity of drainage systems), timely
rehabilitating buildings and repairing engineering
and transport networks;
- enhancing and ensuring protective installations
safety (upgrading coast protection works –
particularly for the areas not protected by the Flood
Protection Barrier; enhancing the safety of hydraulic
works, reducing the number of ownerless hydraulic
works).

 Increase in infiltration recharge (leakage from the
water communications, watering of green spaces,
winter nutrition through rain and snow break due
to global warming);
 the deterioration of groundwater discharge (filling
of natural drains, barrage by underground
structures);
 deterioration of surface water runoff (reducing the
total bias of relief, creating obstacles in the form of
road and sidewalk curb fences), etc.;

• application of drainage rates during the design of
protection from flooding of areas taking into account
the depth of the use of underground space in
accordance with the requirements of SNIP 22-02-2003
“Engineering protection of territories, buildings and
structures from hazardous geological processes. Main
provisions”.

In the framework of the project a number of detailed
adaptation measures were proposed regarding major
climate dependent hazardous natural phenomena and
processes.

• development of a permanent geo-filtration model of
the construction site and its surrounding area and
establishment a network of monitoring wells, the
results of surveillance of which can be used to refine
the forecast calculations;

Among the key measures to reduce the likelihood of areas
flooding the following ones can be recommended:

• monitoring the regime of groundwater levels and
confined waters of intermorainal aquifer, prognostic
evaluation of change of hydrogeological conditions of
the built-up area for the purpose of:

• improvement of the normative and regulatory
documents in order to change the principles of
construction design and operation of buildings and
facilities in the area exposed to flooding; monitoring
compliance with the regulatory requirements;

 preventing groundwater breakouts into pits and
trenches under the buildings and structures and
associated therewith strains of foundations and
walls of the buildings in the areas of intense
modern and future residential construction of the
city, primarily;
 preventing flooding of basements of residential and
industrial buildings;

• improvement of meteorological parameters and
hydro-meteorological hazards monitoring systems;

• improvement of bank protection structures, especially
for the areas of the Kurortny and the Kronstadt district
not protected by PSC (protective structures complex);
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 preservation of the historic center of the city, its
monuments
and
museums
when
laying
underground communications and trenching and
shallow pits with forced dewatering of levels;
 timely identification of problem areas of the Saint
Petersburg’s metro stations, hydrogeological
windows areas in the Kalininsky and
Krasnogvardeysky districts of the city;

The main result of the above described measures is the
development and successful implementation of the
Concept / Program of coastal protection of the territory
of Saint Petersburg.

4.2.2.
Stages
implementation

of

Recommendations

Given the special features of adaptive policy and the
economic and social development of Russia as a whole and
St. Petersburg in particular, as well as the special features
of global economy development, the ultimate goal cannot
be attained within a short term. The proposed
Recommendations aim at encouraging a switchover to
integrated and dynamic planning to provide for the
sustainable development of the region and particular
sectors of municipal facilities with due account for the
ongoing climate change and climate change forecasts in
the mid- and long-term.

• examination of all the centers of output and
breakthroughs of groundwater with the identification
of the genesis of the incoming water, the methods and
the reasons for their exit to the surface;

• improving drainage of the revealed centers of area
flooding, liquidation plugging of the ownerless flowing
wells.

Among the measures to reduce the likelihood of coastal
erosion the following can be recommended:

Therefore, the Recommendations should be implemented
over two stages.

• development of monitoring the state of beds and banks
of water bodies, as well as the state of water protection
zones;

At the first stage (2015 - 2018), conditions should be
created to develop the information, managerial and
adaptive potential of St. Petersburg:
- adopting measures at the level of legal and
infrastructure systems (primarily, a vulnerability
assessment of the sectors and assets of municipal
facilities, as well as population groups affected by
specific climatic conditions; ensuring the safety of the
buildings and facilities operated, etc.);
- improving the regulatory and legal framework with
due account for climate change, and consequently
creating production and process conditions in each
economic sector;
- designing
plans
for
implementing
the
Recommendations in particular areas, developing
design proposals/investment projects to implement
adaptive activities.
It should be noted that the prioritized activities and
projects should aim at reducing the most likely risks that
may bring about substantial social, economic and
environmental damage.

• development of monitoring meteorological and
hydrological parameters that influence the dynamics of
the coasts, such as amount of precipitations, level and
sea wave mode, especially long shore water
movement, temperature and salinity of the water;

• improvement of the legal framework governing the
construction and operation of facilities in coastal areas
prone to abrasion; monitoring compliance with
regulatory requirements;

• improvement of hydropower installations with regard
to geomorphological features of the shores:

 construction of sea walls in combination with
bunami or underwater breakwaters and artificial
beaches to prevent erosion of the coastal scarp;
 creation of artificial sand beaches in combination
with beach supporting facilities in the village of
Komarovo, Repino and Solnechnoe;
 construction of the following structures on the
headlands experiencing significant wave action
with predictable high-speed abrasion (Dubovskoy,
Tarkala):
 wave canceling berms of the rock mass for
protection against wave action and ice thrusts of
both natural and man-made coastal areas, sloping
mounts, sea walls and other structures located in
the near shore zone;
 sloping coastal reinforcement to protect the dike
slopes or coastal benches from the ravages of wave
and storm flows;
 wave canceling cover of shaped arrays to protect
the coastal slopes and structures from negative
wave action; permeable groynes, berms,
submerged breakwaters, artificial reefs and others.

The second stage (2018-2025) aims at effective
implementation of the adaptive measures developed in
particular sectors of municipal facilities. It is necessary to
take into account that the decision to develop and
implement concrete adaptive measures should be taken
upon proper analysis of the current and anticipated
development of St. Petersburg’s engineering and technical
sectors (energy, construction, transport, housing and
utilities etc.). The development of the above sectors is
governed by the strategies currently in effect up to 2020,
and for some of them – up to 2030.
As a rule, such measures have an effect on the
development model and socioeconomic conditions upon
legislative changes. At this stage, an increase is expected in
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the growth rates of the regional economy as a whole, as
well as the development of its environmental neutrality
conditioned by attaining the required level of energy
efficiency and other economic benefits.

Interdepartmental
Working
Group
under
the
Administration of the President of the Russian Federation
on Issues Related to Climate Change and Sustainable
Development – marks an important step towards
consolidating effective interaction on this issue between
the authorities and the public in Russia.

The leading role at each of the stages should be assigned to
the strengthening of cooperation in the field of adaptation
at all levels of political and public life. Firstly, it applies to
the dissemination of the latest scientific knowledge
regarding global and regional climate changes
accumulated by St. Petersburg, Russian and international
research teams, among large sections of the public via
mass media and the Internet. Public value information on
climate change and its likely consequences (primarily,
information on recorded and predicted hazardous natural
phenomena, preventive and response measures in
emergencies etc.) should also be included in the public
addresses of decision-makers as well as members of
district administrations and executive bodies of power.
Facilitated workshops and meetings with the stakeholders,
publication (worldwide, in Russia and St. Petersburg) of
climate change reports in print media and on the web
provides another avenue for disseminating relevant
topical information. An example of federal publications is
the reports of Roshydromet (Russian Federal Service for
Hydrometeorology and Environmental Monitoring):
Strategic Forecast of Climate Change in the Russian
Federation for the Period of 2010-2015, and their Impact
on Russia’s Economic Sectors (2005), Assessment Reports
on Climate Change and its Consequences in the Russian
Federation (2008, 2014), Annual Report on Climate
Features in the Russian Federation etc.

4.2.3. Monitoring and implementation risks

The system of monitoring the implementation of the
Recommendations is intended to analyze the performance
of the proposed adaptive measures and suggests the
identification of detailed plans for implementing the
activities, establishment of intermediate performance
indicators, formation of a reporting system, identification
of implementation weaknesses and deficiencies. Based on
the assessment results, proposals will be prepared to
amend and supplement the Recommendations,
redistribute the resources and reasonably utilize them,
select other alternatives etc. Changes may also be
introduced if and when the federal and regional
documents are updated.

To monitor the implementation of the Recommendations a
working group should be established with the
participation of government officials of St. Petersburg,
scientific and business communities as well as city’s NGOs.
The responsibilities of the elected Coordinator of the
working group should include: developing a monitoring
system, reviewing the implementation of the plan of
activities and assessing the attained results, submitting the
consolidated reporting and proposals for streamlining the
set of measures and financial backstop, as well as
coordinating the interaction at all levels.

The development of cooperation for adaptation to climate
change is promoted by international forums, above all,
UNFCCC climate negotiations as well as the initiatives of
the World Mayors Council on Climate Change, UN Habitat
programmes etc. Not less important are the conferences
and meetings attended by government officials of any level
(federal, regional, or local), members of business
communities, NGOs and mass media. It is recommended to
take into account the opinion of members of the public and
business community for designing specific adaptive
projects and preparing statutory instruments related to
climate change by means of getting the stakeholders
involved in the work of expert groups. The participation of
diverse strata and sections of population in the making of
politically and strategically important decisions will help
to develop truly effective adaptive measures. The
establishment of a coordinating body in 2012 –

When implementing the activities proposed herein certain
risks may arise, which may hamper the attainment of the
planned results:
- macroeconomic risks: increased inflation due to crisis
development in the economy; reduced financial
support of the government, decreased inflow of
investment to implement adaptation projects;
- natural and climatic risks: change in the predicted
climate change indicators;
- organizational risks: inefficient activity of the
authorities to implement the measures; lack of smooth
communication between various bodies of public and
local power, scientific institutions and the public;
insufficient and inefficient information exchange and
coordination of projects underway.
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5. The best practices of climate change adaptation implemented in
Europe
The best practices related to climate change adaptation in
the northern European countries are reviewed in the
chapter. The review includes measures aimed to
adaptation of infrastructure, development of the strategic
and other planning documents as well as managerial
capacity building.

the frontline of the climate change adaptation measures
implementation in Norway. Almost every municipality in
the country has already established the unite responsible
for climate change adaptation measures at the local level.
The Planning and Building Act and the Civil Protection Act
obligate the municipalities to carry out risk and
vulnerability assessments. These assessments can be
important in clarifying issues and areas of risk relevant to
each municipality.

Most of the northern European countries have already
developed national, regional and local climate change
strategies. For example, national climate change
adaptation strategy in Finland was adopted in 2005. Then
the document was revised in 2012-2013. The Strategy was
followed by the Action plans aimed to implementation of
the Strategy. The action plans in Finland were developed
and updated by the Ministries of environment and
agriculture and forestry in the period from 2005 to 2012.
In addition, the largest municipalities in Finland developed
local climate change adaptation strategies. The documents
were adopted in Helsinki metropolitan area, Turku and
Tampere by the year 2013.

The leader on the way to climate proof development
among the Baltic countries is Lithuania. The first national
mid-term planning document the National Strategy for the
Implementation of the UNFCCC until 2012 was approved
by the Government of the Republic of Lithuania In January
2008. Specific measures for both mitigation and
adaptation to climate change are described in the strategy.
The Strategy was revised and transformed into long-term
planning document in 2012 when the Parliament adopted
the Strategy for National Climate Management Policy
2013-2050. Estonia and Latvia does not have national
climate change adaptation strategies. Some of the climate
change related issues are covered by sectoral planning
documents such as Estonian Forest Development Plan
until 2020 and the National Health Plan 2009-2020 or
National Program of Evaluation and Management of Flood
Risks for 2008 - 2015 in Latvia.

In 2008 the Federal Government of Germany adopted the
"German Strategy for Adaptation to Climate Change". The
strategy describes climate change impacts on nature,
economy and society. The Strategy was further developed
by adaption in 31.08.2011 of the "Adaptation Action Plan
of the German Adaptation Strategy" defining specific
action for the Strategy implementation. The regional
documents of strategic planning related to climate change
adaptation were also developed in 16 federal lands in
Germany. Individual cities and local authorities in
Germany have developed local adaptation strategies. It’s
also important to mention that all the land plans
developed in German lands take into account climate
change related issues.

Summarizing the brief overview of strategic planning in
the northern Europe it should be emphasized that almost
all the countries are in some extent involved to the climate
change adaptation process. Despite remarkably different
level of impact caused by changing climate parameters to
different lands all communities are aware about measures
which have to be implemented in order to guarantee
sustainable development of their local areas as well as the
whole region or country.

The Danish national adaptation strategy was adopted in
2008. The strategy includes a description of the
vulnerability of those sectors where climate change is
expected to have significant consequences. General vision
of the national authorities in Denmark could be sounded
like “wait and see”. Nevertheless, the National action plan
is under development in Denmark. Local initiatives play
significant role in climate change adaptation in Denmark.
Several studies were carried out in the coastal areas of
Denmark which mainly effected by climate change related
processes. In 2011 the City of Copenhagen adopted a
Climate Change Adaptation Plan. Some other
municipalities in Denmark have already amended local
legal base due to climate change related challenges.

In order to categorize the best practices of climate change
adaptation in northern Europe the most significant climate
change parameters have to be identified. Then all the
practices can be categorized according to the challenges
caused by changing of the particular parameter in the
particular region. In general for the north European region
climate change parameters can be identified as
temperature increase, increase of annual average
precipitation as well as rain intensity, increase of storm
intensity and changing of sea water regime. Thus, most of
the adaptation measures in the region under consideration
are aimed to abatement with hazards caused by the
parameters mentioned above.

The inter-ministry working group facilitating the efforts
related to climate change adaptation was established in
Norway in 2007. After 5 years studies the National climate
change adaptation strategy was adopted by The
Norwegian Parliament in 2013. Local authorities are on

All the hazards can be subdivided to 4 major groups:
coastal
protection,
water
management,
urban
development and nature conservation. Coastal line
protection is the common challenge for all the countries
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located on the sea side. According to the last observation
during the decades, temperature rise together with
increasing of storm intensity speed up coastal erosion.
Negative impact of sea water to the land can be also
enforced by sea level rise which forecasted in the climate
change scenarios. The adaptation measures which are
implementing in different areas are aimed to land use
planning together with cost protection and coastal area
revitalization. For example, in uninhabited areas of
Denmark land is given back to the sea. The same time
three acts include prohibition of building in a 300 m zone
from the coast and a restriction of building in a 3 km zone.
A decision about dune protection and beach nourishment
was taken in Jutland.

In order to adapt inland areas to increased rain and storm
intensity river’s embankments were equipped with the
new system of flood protection walls. Flood protection
facilities were constructed in Pori and Kittela (Finland).
High water barriers were enlarged and retention areas for
high water were constructed in the Rhine area (Germany).
Significant improvement of flood abatement facilities was
carried out in Bavaria by the year 2009 as a result of flood
management plan implementation. A flood channel of over
4 km is built to connect the Lauter with the Sulzbach River
that will transfer “excess” flow in the case of flooding.
Flood
polder
Riedensheim
(Landkreis
Neuburg‐Schrobenhausen) is built provides protection at
the river Donau. The Berlin city’s drainage system was
upgraded to decrease water overflow by ‐20% during
events of heavy precipitation.

Similar regulatory measures were also implemented in
Estonia. Western sea coast of Estonia (for example
Saaremaa, Haapsalu and Pärnu areas) suffers of increasing
of storm intensity. Winter storms which happen more and
more often in the last decade are the most disruptive.
Comprehensive land use plan and coastal zone plan with
building regulations along the coast were adopted by the
local authorities.

Risk areas mapping and construction of coastal defence
structures at dense settlement sites were carried out in
the year 2007 in Latvia. The same time Kleipeda city
improved public information and warning system. The
most remarkable improvements of the inland flood
protection facilities were done in Netherland. Heightening
of dikes and deepening of rivers, enlargement of the
capacities of water gates and implementing water
retention zones together with improvement of drainage
were the measures implemented in Netherland in the
period from 2005 to 2009. All the measures were aimed to
protect inland areas against high water caused by
intensive storms.

Increasing of beach erosion speed was also faced in
Lithuania, northern Germany and Netherland. Most of the
measures implemented in the countries mentioned above
were aimed to recovery of the eroded beaches. Beach
nourishment was the only one solution for all the areas.
Erosion protection measures were implemented in the
Blackpool Seafront Regeneration project. The ambitious
project with about 100 million pounds budget was carried
out in the North West England. The project also integrated
construction of the coast line protection facilities.

Several extensive projects targeted to flood protection
system development were carried out in the UK since
2008. Flood mapping in the UK project provided
background information for the risks of floods estimation
and development of flood defence measures. Then new
drainage system with basin was constructed in Sheffield.
Tidal flood risk management plan was developed for the
Thames Estuary. Then flood defence walls and
embankments were improved. The flood protection
measures such as enlargement of dikes, setting of the
water retention areas, improvement of the drainage
systems as well as land use regulation were implemented
in different areas of the UK according to the flood mapping
results.

The other measure aimed to coastal area protection is
increasing of heights of the coastal dikes. The existing
levees in Lower Saxony were enhanced by 0,25 m under
the expected climate change circumstances. Flooding
barriers, walls and sluices are built with possibility of
additional enhancement of 1m afterwards. Enhancement
of levees up to 0.5 m was carried out in Schleswig Holstein.
Further enhancement of the facilities is also planned.
Innovative flood protecting solutions were implemented in
Hamburg. Mobile walls and systems of cascading flood
compartments are under consideration in addition to dike
improvement and erection of the second line of the dikes.

The same time high standards of water efficiency for new
buildings and retrofitting existing homes with water
saving devices and water meters were implemented in the
UK in order to prevent shortage of potable water supplies.
Negative impact on ground water supplies were also
observed in Denmark and Finland. Increasing of ground
water salinity was observed in the coastal aquifers of
Hanko peninsula in Finland and island Faster in Denmark.
Climate change impact together with intensive pumping
from water supply wells and drainage canals increase salt
water intrusion and decrease drinking water resources.

The other group of adaptation measures is water
management. The main hazards which require adaptation
measures belonging to this group are extreme weather
events such as heavy rains and storms and changing of
ground water regime. The first hazard causes urban floods
and floods in the coastal zone. The second one causes
negative impact on ground water quality which is crucial
issue when ground water is the major potable water
supply. The other consequence of ground water regime
change is the phenomenon called underflooding when
ground water table appears higher than the surface.

Increasing levels of shallow groundwater causes the risk
of inundation (underflooding) in a number of low lying
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areas. According to the Lithuanian specialists assessment
growth of annual average precipitation can lead to
remarkable rise of ground water table. The process results
in inundation of the developed areas and pollution of the
aquifers which are used as drinking water supplies.

area development. Prohibition of the expansion of
settlement sites in vulnerable coastal and flood prone
areas was also established in Latvia.

Ecosystems are quite sensitive to climate change.
Especially it concerns ecosystems under high technogenic
load. Natural systems are able to adapt to changing climate
parameters. But adaptive capacities of the ecosystems are
limited in time. In case of rapid change of the climate
conditions the balance can be destroyed. In order to
prevent biodiversity shortening biomonitoring system was
improved in Finland. The same time forest fire warning
system and fire abatement survey were upgraded in the
frame of the project on forest management system
development. Forest fire awareness system was improved
also in Lithuania and UK.

Sustainable city planning taking into account climate
change consequences is one of the most effective measures
for decreasing natural hazards. Flood prone plans were
integrated into city development plans in many countries
of northern Europe. Inundation risks were mapped and
integrated into city plan in Klaipeda (Lithuania), Oulu
(Finland), Vellinge and Arvika (Sweden) and many others.
Several Swedish cities such as Stockholm, Gothenburg,
Malmö etc rise the recommended foundation level.
Construction of adapted homes without cellars in the areas
with high inundation risk was recommended.

Extensive measures of restoring and stabilization of
diversity were implemented in Bavaria. Combination of
different tree species was used for stabilization of forest
areas in Netherland. Development of the network of
nature reservations is considered to be the most effective
measure aimed to saving biodiversity under climate
change conditions.

Climate change parameters were taken into account
planning of Smeltale river area development in Klipeda.
High flood risk for the part of the area due to storm
intensity increase and sea level rise was recognized.
Recreational area called “Smeltales parkas” instead of
housing became the most coast-benefit solution for the
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6. Conclusions
The overall objectives of the CliPLivE project were to
assess the geological and environmental risks for the built
areas in the Gulf of Finland region and to identify climate
change parameters and their possible influence on
geological and environmental processes. Based on the
assessment and identification of geological and
environmental hazards and risks, the project developed
practical recommendations that can be further utilized in
the climate change adaptation strategy work of the study
area as well as in other regions located in the Gulf of
Finland when applicable.

The consequences of climate changes for different sectors
of municipal economy, economy and public health have
been analyzed for Saint Petersburg for the first time.

As a result of the above-listed practical recommendations
for adapting to the impacts of climate changes, which
include specific adaptation measures for each natural
hazardous phenomenon being studied, the stages of
implementation of the Recommendations and Monitoring
their implementation, including possible implementation
risks, have been developed for Saint Petersburg for the
first time.

CLIPLIVE project results are very important for Saint
Petersburg in terms of assessing the impact of adverse
natural processes on the urban environment in the context
of possible climate changes. Adaptation of the urban
environment to adverse climatic conditions is possible
only with due consideration of a number of factors.

Along with scientific results, project CLIPLIVE have
facilitated the exchange of experience and knowledge in
the field of study of environmental and geological risks
caused by climate changes in the region.

The results of the project will increase the awareness of all
the parties concerned of the geological and environmental
risks, both currently existing and emerging as a result of
climate changes.

Geologic features of Saint Petersburg, being historically
one of the limiting factors in the development of the city,
have been studied in terms of their dependence on
climatic conditions.

The results of the project will contribute to the sustainable
development of urban areas on the region of the Gulf of
Finland by increasing knowledge of geological and
environmental risks, risk assessment and measures on
adaptation to climate changes.

The main geological risks specific to Saint Petersburg,
have been identified within the framework of the previous
international project GeolnforM, the results of which were
published in the Geological atlas of Saint Petersburg in
2009.
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