96 ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2016. N 4(69): 96113

UDC: 551.583:551.588
DOI: 10.18372/2306-1472.69.11061

Svitlana Boychenko'
Volodymyr Voloshchuk®
Yaroslav Movchan®
Nadiia Serdjuchenko®
Vasyl Tkachenko®
Oksana Tyshchenko®
Serhij Savchenko’

FEATURES OF CLIMATE CHANGE ON UKRAINE:
SCENARIOS, CONSEQUENCES FOR NATURE AND AGROECOSYSTEMS

'S. I. Subbotin Institute of Geophysics of the NAS of Ukraine
Palladina, av. 32, Kyiv, 03680, Ukraine

*Ukrainian Hydrometeorological Research Institute
Nauky, av. 37 Kyiv, 03660, Ukraine

3"National aviation university, Kyiv /National ecological centre of Ukraine
av. Kosmonavta Komarova 1, Kyiv,03680, Ukraine

*Leonid Pogorilyy UkrNDIPVT, Doslidnitske town, Ukraine
08654 5, Inzhenerna str., Doslidnitske, Vasylkiv distr., Kyiv region, Ukraine

M.G. Kholodny Institute of Botany of the NAS of Ukraine, Kyiv, Ukraine
Tereshchenkivska str., 2, Kyiv, 01601, Ukraine

ERC "Institute of Biology and Medicine" of Taras Shevchenko National University of Kyiv, Ukraine
Volodymyrska, str. 60, Kyiv, 01033, Ukraine
E-mails: 'uaclimate@gmail.com; *v_voloshchuk@uhmi.org.ua; *yaroslav.movchan@gmail.com;
“poljuljach@ukr.net; *ecololgia@bigmir.net; °OV_Tyshchenko@ukr.net; 'Serj6670@gmail.com

Abstract

Purpose: The aim of this study is to investigate the basic features of climate change in Ukraine at 20th—21st
centuries and to obtain an estimation of possible regional ecological consequences under influence of global
warming. Methods: The empirical constants of the constructed semi-empirical models were estimated on the
basis of the statistical analysis of materials of meteorological observations on meteorological stations of
Ukraine for the XX century — beginning of XXI century. The obtained results can be used to construct
scenarios of the possible climate change in Ukraine at global warming in the near future. Results: The
climatic conditions of Ukraine have definitely reacted to global warming (the annual temperature increased
by 0.640.2 °C/100 years and insignificant increase of the annual sums of precipitations (5-7% for 100
vears)). The features of transformation of seasonal course of climatic fields of Ukraine of the temperature
and atmospheric precipitations considered also. Taking into account global features of climate change are
offered regional climate scenarios (temperature and precipitation) in Ukraine for the 2050. Discussion: The
analysis of the basic ecological consequences of global warming, which already happened or can be in the
nearest future in Ukraine is carried out: increasing level of the Black sea and Sea of Azov, the
spatiotemporal transformation of steppe phytosystem structure; changes in Northern Sea of Azov maritime
spits ecosystems, excitation of catastrophic events in Ukraine, desertification process development in
southern and southeast regions of Ukraine, climate change impacts on agriculture, aspects of water
resources.

Key words: adaptation; agriculture; catastrophic events; climate change; desertification; ecological
consequences; levels of the Black sea and the Sea of Azov; precipitation; scenarios; steppe phytosystem,;
temperature; vegetation changes; water resources.
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1. Introduction

The modern global warming of climate in the future
can potentially result in considerable changes in
geophysical, geochemical and biological systems of
Earth, and substantially influences on the ecological
and socio—economic condition of life of people in
different regions [1, 2]. List of the unfavourable
ecological phenomena already presently show up
intensively (raising of level of the World ocean,
desertification, degradation of arctic and mountain
glaciers, degradation of eternal frigidity etc) [1, 2].
Therefore, four questions have specific importance:
How the regional climate has changed, what to
expect in the future, what consequences can be
shown and how to adapt to these changes? These
questions were conceptually considered regarding to
situation of Ukraine.

2. Analysis of the research and publications

The climatic conditions of Ukraine have definitely
reacted to global warming. The analysis of data of
instrumental observations of a network of
meteorological stations of Ukraine in XX century
showed that the annual temperature increased by
0.5-0.7 °C/100 years [3, 4, 5]. However, the average
annual air temperature over the past twenty years
(1991-2010 years) has increased by 1.0+0.2 °C
compared to the 1961-1990 average [6]. In Ukraine,
the new record indexes of maximal and minimum
average monthly temperature were repeatedly fixed
for 100 years. The periods of summer heat of
repeatability and duration increase (with the
temperature higher 25-30°C) [6]. The droughts
began to take place more frequent and on large
territories.

The annual sums of precipitations for the territory
of Ukraine has only changed, however, significant
changes occurred in the intensity and nature of their
fall [3-7].

In the environment under the influence of global
warming there are evident changes occurring, which
have already led to some negative ecological and
socio—economic consequences and will further
accentuate them in the future.

One of the main consequences of global warming
is the increase of level of World Ocean and levels of
seas that are connected with Ocean [1]. It is as a
result of expansion of warming seawater and
discharge of ice from marine ices, mountains
glaciers, ice caps, and the Antarctic and Greenland
ice sheets to the oceans.

It is set that, for period (1971-2010) the warming
the sea surface 0.11 °C/10 year in the upper 75 m

and decreasing to about 0.015°C/10 year at 700 m
[1, 2]. The reconstructed record of global sea level
for 1881-2010 years reveals an average increase on
15-19 cm [1, 2].

Owing to global and regional climate change and
by influence of World ocean there were held certain
changes of sea level and a hydrological mode of the
Black sea and the Sea of Azov and changes in
ecosystems of coasts also [6, 8]. Understanding how
much regional sea level can rise would help improve
the design and implementation of cost—effective
measures to protect against coastal inundation,
salinization of groundwater and river estuaries,
enhanced erosion, degradations or loss ecosystems
and destruction of coastal infrastructure.

Another of the sensitive indicators environmental
changes are the steppe ecosystem, maritime spits
and coasts ecosystems [1, 2].

In a number of publications about researches of
response of vegetative cover on the climate change
in the different regions of FEurope, Russian
Federation, Ukraine and Bielorussia mark similar
spatial and structural changes in natural associations,
and also near tendencies of climate change [6, 9,
10]. They show up mainly in the change of moisture
availability regions, increase of the biological
productivity, activation of succession processes,
displacement of natural habitats of large coenotic
structures and etc. Intensity of change of between's
coenocomponents in associations and orientation of
these changes come forward the original marker of
native natural process, limited possibilities of
climatic descriptions of region and ability to self
conditioning of phytoenvironment [9,10].

The following impacts from climate change on
the aviation and related infrastructure can
be expected: Heat waves; Changes of humidity and
precipitation; Changes in average and extreme
temperatures; Shortage of water; Desertification
phenomena; Changes in Biodiversity (wildlife and
ecosystems) and bio-factors - pollen, viruses,
insects; Catastrophic events - landslides, flooding,
fires; Regions features (specify and spatial
distribution of extremes). Other kind of influences,
generated by the climate changes are: Wildlife
migration patterns and species type (especially
birds), change in regions of food production; Supply
of  potable water; Infrastructure  changes
(constructions, architecture, colour and designs
modes) as adaptive measures.

Agriculture is highly dependent on specific
climate conditions. A large number of scientific
papers concern to the problem of assessing the
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impact of climate change on agriculture but
understand the overall effect of climate change on
our food supply can be difficult.

Changes in temperature, amount of carbon
dioxide (CO,), and the frequency and intensity of
extreme weather could have significant impacts on
crop yields [11-15]. The general conclusion of
global studies, that tropical area may more likely
suffer negative consequences. For Europe, the
United States and Canada, and for Asia (including
China) and the Pacific Rim, where many more
studies have been conducted, the results generally
range from severe negative effects (60,70%, or
complete crop failure) to equally large potential
yield increases [11, 14].

The change of climate will result in the
substantial affecting our water resources. Some
influences are felt already presently. It is expected
that almost entire countries will test negative
influences. Moreover, influence as a result of climate
change will render a cascade effect on a health man,
economy and society, and also on sectors, straight
depending on water resources.

In some districts of Ukraine influence of change
of climate shows up more obviously: the amount of
natural calamities is increased, floods become more
frequent in Carpathians, grow into the deserts of
steppe in the South districts, off—shore districts
began to be overheated, the sharp deficit of
drinking—water is felt in central and east districts.

So, the most vulnerable to climate changes are
the coastal regions of ocean and sea, the mountains,
arid ecosystem (deserts and steppes) [16—18].

3. The problem statement

This article is devoted to the analysis of the basic
features of transformation of a regional climatic
regime of Ukraine at 20th-21st centuries and to
obtain an estimation of possible regional ecological
consequences in Ukraine under influence of future
global warming.

4. Features of climate change in Ukraine

The climate of Ukraine is definitely reacted to global
warming. The empirical data of observations were
obtained from the network of meteorological
stations and used for the analyses of long—term
regional changes of climatic fields on Ukraine. The
meteorological stations were chosen so that the
following conditions were satisfied [5, 19]:

e the observations by meteorological stations
have begun not later than 1900;

o the missing observations by meteorological
stations do not exceed 30% for the period 1900—
2000.

The following empirical data were used: average
of monthly values (for temperature and
precipitation) for the period 1900-2000, 1950-2010
and the climatic norms for the period 1961-1990.

Climatic field of annual and seasonal
temperatures and the annual sum of precipitations
for the Holocene Optimum (DT ~ 1°C) were used
also [20-22].

There are considered some possible changes of
the following statistic parameters of atmospheric
precipitation climate fields on the Ukraine in near
future: meteorological norms (average for months),
dispersion of average for months from year to year
and coefficients of age linear trend of average for
months.

The research of dependence of linear trend
coefficients of meteorological parameters from time,
geographical coordinates and altitude above sea
ground represents a statistical problem of
determination of “a very small signal on the
extremely large noise”. Therefore, a resolve of this
problem demands use of the specific statistical
analysis of the empirical data. The method of a
statistical assessment of the parameters that
characterize a seasonal course of these parameters,
their geographical distribution, coefficients of their
century linear trends is worked out [5].

The new statistical assessments describing
influence of height above a sea level on change of
climatic conditions on the territory of Ukraine,
connected with global warming are obtained and
their statistical representation is proved.

The worked out models are based on
representation of time dependency of the mentioned
climatic characteristics in form of three items
(annual component and two harmonic components)
and approximation of the dependency from
geographical coordinates [5].

The empirical constants of these models were
obtained as a results of original statistical analysis
of measurements’ data for the last 100 years, the
comparison of modern epoch with the climatic
paleoreconstruction of warm epochs and taking
consideration the spatial connection of climatic
field of temperature and precipitation [20-22].

It was found that changeability of land—surface
temperature from year to year is approximated by
normal (Gauss) distribution. There was considered
the statistic hypothesis regarding the choice of the
approximation scheme of changeability distribution
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of atmospheric precipitation intensity on the basis
of gamma—distribution or lognormal (log—Gauss)
distribution [4].

The analysis of data of instrumental observations
of a network of meteorological stations of Ukraine
for last 100-130 years showed that its climatic
conditions have reacted to global warming as follow
[4, 5, 23-25]:

e the annual temperature increased by 0.6+0.2
°C/100 years which approximately coincides with
estimations of a level of global warming (Fig. 1);
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Fig.1. Century course of fluctuations of annual
temperature in Ukraine for the period 1881-2010
(1 — empirical data, 2 — model, 3 — tendency)

e the effect of alignment of an annual
temperature field was revealed: in northern and
north—east regions the annual temperature increased
by 1.0£0.2 °C/100 years; in southern and south-west
regions of Ukraine — only by 0.5+0.1 °C/ 100 years;

e decrease of amplitude of a seasonal course
of temperature by ~0.4-0.5°C (effect of
continentalization): significant warming in the cold
period of year (1.0-2.0 °C/100 years),for spring
(1.5-2.0 °C/100 years); warming was insignificant in
summer months (Fig.2);

o insignificant increase of the annual sums of
precipitations (5-7% for 100 years) (Fig. 3);
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Fig.2. Tendencies in a seasonal course of temperature in
Ukraine for the period 1950-2000
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some months:

e decrease of the sum of precipitation for
winter, spring (May), summer
(August), autumn (October— November) (Fig.4);
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Fig.3. Century course of fluctuations of annual sum of
precipitation in Ukraine for the period 1885-2005 (1 —
empirical data, 2 — model, 3 — tendency)

o the effect of alignment of a climatic field of
the annual sums of precipitations was revealed: in
northern and north—west regions of Ukraine, where
the annual sum of precipitations was relatively high
(650—750 mm/year), it decreased approximately by
10-15%; in southern and south—east regions, where
the annual sum of precipitations was relatively low
(350450 mm/year), it increased approximately by
10-15%;

e increase of repeated anomaly of high
temperatures in May for the period 1891-2011 (in
XX century ~16.5-17.5 °C and in XXI century
~18.0-18.8 °C).
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Fig.4. Tendencies in a seasonal course of precipitations in
Ukraine for the period 1950-2000

On the basis of the statistical analysis of
materials of meteorological observations on
meteorological stations of Ukraine for the period of
1900-2000 the empirical constants were received
and semi—empirical models were constructed [4].
The obtained results can be used to construct
scenarios of the possible regional change of climatic
conditions in Ukraine at global warming in the near
future.
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5. The regional scenarios of surface temperature
change and precipitation in Ukraine for the 2050.

Taking into account the established trends features
of transformation of the climatic fields of surface
temperature change and annual sums of precipitation
in the territory of Ukraine for the period of 1900—
2000 and possible scenarios of future global climate
changes, the scenarios of possible changes climate
of Ukraine for the 2050 were developed, namely:

1. Scenarios of global surface temperature change
for the end of the XXI century [1, 2]:

e It is likely than not to exceed 2°C for
RCP4.5-(DT~2.0°C)

o Itis likely to exceed 2°C for RCP8.5 — (DT
~4.0°C)

2. Semi-empirical models of transformation
annual and seasonal course of climatic conditions
(surface temperature change and precipitation) of
Ukraine under influence of global warming for XX
century [4, 5, 23, 25].

3. Climatic field of annual temperatures and the
annual sum of precipitations for the Miculino
(125:10° years, DT ~ 2.0-2.5°C) and Pliocene
Optimum (2.3-3.0-10%ears, DT~ 3.0-4.5°C) [20-
22].

Thus, regional scenarios of surface temperature
change in Ukraine for the 2050 the following (Fig.5)
[24]:

e  Scenarios 1: it is likely than not to exceed
(DT ~ 1.4+0.2 °C);

e Scenarios 2: It is likely to exceed (DT ~
2.440.3 °C).
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Fig. 5. Regional scenarios of surface temperature
change in Ukraine for the 2050: 1 — empirical data,
2 — scenarios A (AT= 2°C); 3 — scenarios B (AT= 4°C)

Taking into account global and regional features
of climate change the following are offered regional
scenarios of precipitation change in Ukraine till
2050:

Scenarios 1: increase of the annual sums of
precipitations on 10+5% and aridity of climate in the
warm period of year (May and August).

Scenarios 2: differential territory distribution of
annual sums of precipitations, namely increase in
northern, northwest and northeast regions on 15+5 %
and decrease in southern, southeast and southwest
regions on 15+ 5 %.

The contrast in precipitation between wet and dry
regions and between wet and dry seasons will increase,
although there may be regional exceptions [25].

6. The basic ecological consequences from the
change of climate on the territory of Ukraine.

The main potential adverse effects of climate
change for Ukraine include [3-8,26]:

o increase of level of the Black sea and the
Sea of Azov;

o intensification of meridional circulation of
the Black sea and the Sea of Azov an atmosphere
which will result in increase of repeatability of some
anomaly synoptic formations (extreme weather
events) above Ukraine;

e activization of catastrophic shifts and
deformations in mountain regions of Carpathians
mountains and Crimea through changes of a regime of
humidity, water balance, ground and subsoil waters;

e increase of repeatability of catastrophic
floods in region of the Ukrainian Carpathians
mountains caused by an intensification of heavy
rains and intensified by wood cutting;

e frequent downpours and flooding can cause

a deterioration of potable water quality entailing
increased incidence of intestinal infectious
diseases rarely reported in Ukraine (salmonella,
hepatitis A, leptospirosis, etc.).

e structural drift and degradation of steppe
phytosystems in Ukraine;

e sudden warming can cause drying entailing
frequent fires;

. possibility of development of desertification
process of southern and southeast regions of
Ukraine.

e aspects of water resources: decreasing the
total volume, the worsening of quality, the
exhaustion of riverside ecosystems.

So, the most vulnerable to climate changes in
territory of Ukraine are the coastal regions of the
Black Sea and the Sea of Azov, the Carpathians and
mountains of Crimea and steppe [6].

Some ecological consequences will be/considered
in detail
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6.1.The reaction of level of the Black sea and
Azov Sea on influence of global warming.

It is established, that the levels of the Black sea and
Sea of Azov were increasing for last 100 years
approximately with the same intensity as World
ocean level [6, 8, 27-29].

For last 100120 years the annual temperature in
region of coasts of the Black sea and the Sea of
Azov has increased on 0.5+0.1 °C/100 years, the
annual sum of an atmospheric precipitation has
increased on 10-15 %/100 years, the amplitude of a
seasonal course of temperature has decreased
(essential warming in the cold period of year). In
Fig.6 is shown that the modern century course of a
level of the Black sea (a) and the Sea of Azov (b) is
increase on 1543 sm/100 years and according to
scenarios (RCP4.5 — (DT ~2.0 °C) for period 2050
level of seas will increase up to 25-35 sm [6,24,27-
29].
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Fig.6. Century course of fluctuations of level of
Black (a) and Azov (b) seas (1— empirical data,
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The modern climate change, raising of a level of
the Black sea and the Sea of Azov in conditions
growing technogenic loading on environment
(household, agriculture, tourism, transport, and
industry), became the reasons of display of some the
negative phenomena and processes for -coasts
ecosystems, namely [6, 24, 27-29]:

e an intensification of processes of abrasion,
erosion, flooding of coast and sea maritime spits.
For example, from 820 kms of the Azov coast of
Ukraine collapses 480-500 kms of a coast from
which about 150 kms were accumulative;

e change of characteristics of sea water (to
decrease of salinity of waters (on 2-3 %o) and a level
of a transparency of water more than in 2 times (up
to 2—8 M), expansion of zones hypoxia. For example,
in the Black sea with 3 up to 40 thousand k>, to
increase of the area of zones of flowering of the seas
in some times);

e degradations biological kinds (reduction of a
population of the crustaceans, benthonic fishes and
planktonic, reduction of individuals sea mammal
almost in 20 times);

e amount has increased the one—celled
organisms and jelly—fishes, and also harmful exotic
organisms (on beginning of 90th general biomassa
of migrant of Mnemiopsis leidyi in the pool of the
Black sea was estimated in a 1 milliard of tons);

e increase of the death rate heightening effects
of finfishess (periodic difficulty in breathing and
mass death of ground biocenoses on considerable
areas for the last 20 years of loss of the ground fauna
were attained by 60 million tons, including
finfishess are about 3 million tons);

e decline of volumes of fishing—out of fish in
the Black sea and Sea of Azov for the last 10 years
grew short in 5 times);

e  diminishing of total river flow in seas (on 5—
7% for 100 years in investigation of
zaregulirovaniya of flow).

Tendencies in the change of environment of
coasts of the Black sea and the Sea of Azov draw
certain consequences for economic activity,
(worsening of the sanitary—epidemiology state,
decline of quality of recreational resources) and
origin of threat the health of population [6].

6.2. The modern spatiotemporal transformation
of Ukrainian steppe phytosystem structure under
the influence of climate.

Under the influence of global warming in the
environment there are evident changes occurring,
which have already led to some negative ecological
consequences and will further accentuate them in the
future. One of the sensitive indicators of
environmental changes is the steppe ecosystem.

The direct supervision of the phytocoenoses
transformation processes was used as a basis of our
long—term monitoring researches. The important
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components of this monitoring are periodic large—
scale geobotanical mappings of the basic ranges
forming the network of nature protected areas:

“Mykhaylivskyj Steppe”, “Provalskyj Steppe”;
“Streltsivsky;j Steppe”’; “Kreidova Flora",
“Khomutovskyj Steppe”, “Kamjani Mogyly",

“Elanetskyj steppe”, two protected sites in the Black
Sea Biosphere Reserve "Solonoozerne", “Potiivka”,
and also the "Northern" site in “Askania—Nova”
Biosphere Reserve [30, 31].

The monitoring and analysis of the main
typological varieties of Ukrainian steppes during the
period of 1967-2012 demonstrated the increasing of
spatiotemporal transformation in the ratio of
xeromorphic, mesomorphic and ligneous component
structures of steppe. As shown in Fig.7, Ukrainian
steppes in the second half of XX century —
beginning of XXI century have an established trend
towards the decreasing of xeromorphic component
to 30+10% along with increasing of mesomorphic
component to 10+5% and ligneous component to
20+10 % [31, 32].

Taking into account the established trends in
steppe phytosystems for the period of 1967-2012
and possible scenarios of future climate changes [31,
32, 24], we developed such estimated scenarios of
possible changes in ratios of ecobiomorphological
components of Ukrainian steppe phytosystems for
the first half of XXI century as:

1) provided that the established in XX century
global warming trend will dominate till the end of
the first half of XXI century, there will be an
increase of annual temperature to 1.25+0.250C
along with the general increase in annual sum of
atmospheric precipitations to 10£5%. As a result of
that it is possible to expect the 1/3 reduction of
xeromorphic component in the southern regions and
its almost complete disappearance from the northern
regions along with significant expansion of
mesomorphic and ligneous components;

2) provided that the level of global warming will
be more amplitudinous then, according to scenarios,
we can expect in Ukraine temperature increase to
2.0£0.5°C and differential  distributions  of
precipitation on the territory (increase of
precipitation sums in northern, north-western and
north-eastern regions along with reduction of
precipitation in southern, south-eastern and
southwest regions to 15+5%), excessive humidity in
northern regions, and climate aridity with
desertification in southern ones. We can expect
steppe phytosystems expansion in south-eastern
regions of Ukraine on the bigger scales, than it
happened in XX century.

However, it is necessary to notice, that the most
probable warming level on the territory of Ukraine
by the end of the first half of XXI century would be
1.25+0.25°C. It means that we can expect steppe
displacement processes of Ukrainian steppes - in
particular, full degradation of xeromorphic
component along with ubiquitous advance of
meadow and forests vegetation on the place of
steppe (Fig.7) [31].
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Fig. 7. Time changes of xeromorphic (a), mesomorphic
(b) and ligneous (c) components of Ukrainian steppe
phytosystems (1 — empirical data, 2 — a root-mean—square
deviation, 3 — the linear trend for the period 1967-2012
and 4 — scenarios estimations with possible inter—annual
fluctuations

6.3. Northern Sea of Azov maritime spits
ecosystems changes in the light of modern
tectonic and climate change.

Inventorization of vegetation of 10 nothern Sea of
Azov maritime spits at the territory of Ukraine
(Kryva, Samsonova, Bezimenna, Shyrokyns'ka,
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Liapyns'ka, Bilosarajs'ka, Berdians'ka, Obytichna,
Stepaniv’lka and Fedotova) was carried out in
accordance with the principles of dominant and
floristically classifications of vegetation with further
fixing the modern condition of spits vegetation on
the large—scale (1:10000) maps.

Reinventorial mapping monitoring of 7 spits
(Kryva, Samsonova, Bezimenna, Liapyns'ka,
Bilosarajs'ka, Berdians'ka, Obytichna) was carried
out by comparison of present spits vegetation large—
scale maps with the similar previous maps made by
S.A. Postrygan’ and F.Ya. Popovych in 30th of XX
century [33, 34].

It is established the increasing of meadow—
halophytic, water—-swamp and internal estuary
aquatic vegetation on the background of the
reduction of solonchak, sand-shell steppe and
littoral vegetation during last 70 years (Fig.8). Such
of changes testify the common trends of spits
changes — their flooding and washing out.
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Fig. 8. The distribution of the main types of land areas
on 7 nothern Sea of Azov maritime spits (Kryva,
Samsonova, Bezimenna, Liapyns'ka, Bilosarajs'ka,
Berdians'ka, Obytichna) according to reinventorial
mapping monitoring data during 70—year time period
(1927-1934 — S.A Postrygan’ and F.Ya. Popovych
investigations data [33, 34], 1996—-1999 — our
investigations data): 1 — littoral vegetation, 2 — sand—
shell steppe vegetation, 3 — meadow—halophytic
vegetation, 4 — solonchak vegetation, 5 — water—swamp
vegetation, 6— internal estuary aquatories, 7 — radically
transformed lands and residential areas.

We suppose such changes are connected with
specific natural factors — tectonic lowering of a
continental crystal plate moving shelf in a zone of
the Sea of Azov coast arrangement, acceleration of a
modern stage of the Black sea transgression and
anthropogenic—caused reasons — general sea
pollution and intensive raising of the World ocean
level, caused by global warming [35-38].

Such tendencies have become menacing for
International Wetlands, International Bird Areas and

National reserves integrity, for settlements and
recreational institutions of the northern Sea of Azov
maritime spits.

Monitoring was aimed at a scientifically based
recommendations of spits nature protection and
unwasteful use of spits nature.

6.4. The effect of excitation of catastrophic events
in territory Ukraine.

The climatic catastrophic phenomena, such as
droughts, floods, extremely cold or warm winter,
occurring at a large scale and great intensity are
rather rare events. These phenomena, typically,
occur only a from few times till 10-20 times per
century [39-43]. Because of this, statistically
estimating the basic characteristics of the dynamics
of repeatability of these events is difficult. The
instrumental observations are not helpful because of
the short time—series. It is therefore necessary to use
other proxy data as well. In our opinion, different
historical records and manuscripts are most suitable
for this purpose. These records were very carefully
compiled and described in the monasteries located in
territory Europe [39-43].

On the basis of the analysis of historical records
and manuscripts repeatability of the following
catastrophic processes and phenomena in territory of
Europe in last millennium is considered: droughts,
rainy summers, high waters, cold winters, late
spring, a cold in the beginning of a summer,
catastrophic storms and thunder—storms etc.

The statistical analysis of obtained empirical
time—series of repeatability of catastrophic processes
and the phenomena shows that their long—term
dynamics on the territory of Ukraine does not
represent usual a stationary Poisson’s flux of events.
The rating of intensity of catastrophic climatic—
ecological phenomena in territory of Ukraine was
always higher when the global temperature deviated
more strongly in this or that side from some
optimum level, than the index of climatic anomaly
was higher [44, 45]. This idea is put in a basis of
semi—empirical models of dynamics of repeatability
catastrophic climatic—ecological events (Fig. 9). It is
proved, that the obtained effect has not only regional
character. In addition, it was obtained for other
physic—geographical regions of Europe [43-46].

Semi—empirical models for rating of intensity of
climatic catastrophic phenomena in Ukraine as
function of index of climatic anomality are
constructed. A scenario of possible dynamics of
repeatability of climatic catastrophic phenomena in



104

ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2016. N 4(69): 96113

the territory of Ukraine at the further global
warming is considered [45]. The modern global
warming on 0.6+0.1 °C became reason the increase
of repeatability of the catastrophic phenomena in
Ukraine almost in ~2 times, and at a further warming
of climate of repeatability of the catastrophic
phenomena can be higher till 2-5 times in
comparison with pre—industrial epoch (see Fig.9)
[45].

Repeatability of events
[

-2

-1 -075 -05 025 0 0I5 03 073 1

Anomaly of temperature, ?C

Fig. 9. The scenarios of the rating of repeatability of
climatic catastrophic phenomena in Ukraine as function
of index of climatic anomality: 1 — droughts, 2 — flooding,
3 — catastrophic storms, 4— model

6.5. About possibility of desertification process
development in southern and southeast regions of
Ukraine.

Among the regional geoecological processes
provoked by global warming, the most adverse for
Ukraine is possibility of desertification in southern
and southeast regions — as a result of slow
displacement to the middle latitudes of northern
periphery of subtropical anticyclones zone and, as
consequence, geographical displacement and spatial
transformation of natural zones.

Statistical analysis of time series (from 1901 to
1995) of zonal monthly temperatures and sums of
precipitation in North Hemisphere (for a land) from
UEA/CRU data base [46]. Estimate of zonal surface
"equator—pole" temperature was provided with use
of semi-empirical model of zonal surface
temperature transformation, which was published in
[46].

Hypothesis concerning possible displacement of
a subtropical anticyclones zone to the north at
corresponding levels of global warming in a certain
measure confirm: calculations on mathematical
models of «Nuclear winter» type [47]; results of
paleoclimatic reconstruction of climatic fields of the
annual atmospheric precipitation sums [20] and
estimations of modern monthly average

displacement of the centre of subtropical
anticyclones zone to middle latitudes at decrease of
monthly average meridional difference of "equator—
pole" temperatures in troposphere [47].

Zone of subtropical anticyclones is on the
descending branch of "Hadley cell", where mainly
downward air movements are dominated in the
troposphere. This zone corresponds to the
subtropical minimum of precipitation. Penetration of
subtropical anticyclones zone to temperate latitudes
is sharply limited on its northern periphery by active
hydrodynamic influence of the synoptic atmospheric
activity at latitudes of 50 + 10°.

At low levels of global warming (up 1-2?C) in
the area of the northern periphery of subtropical
anticyclones zone, which, to a certain extent only
close to the southern regions of Ukraine, is
characterized by a slight increase in the annual
amount of precipitation, associated with an increase
in the absolute water vapour content in the
atmosphere (by Clapeyron—Clausius law). Such an
effect is observed in the modern period — the annual
amount of precipitation has risen by 10-15% in the
south—eastern regions of Ukraine for the last 100
years [48].

But, with higher level of global warming (that we
can expect somewhere in the second half of the 21—
st century — the first half of the 22nd century), the
intensity of the upward and downward movements
in the "Hadley cell" will greatly increase. And
despite the intensification of synoptic activity in the
temperate latitudes, including due to increased
meridional character of atmospheric circulation
(reliably established that this effect is always in the
case of global warming), the northern periphery of
the subtropical anticyclones zone will shift to north
and cover the south—eastern regions of Ukraine.
Global warming is accompanied by a decrease in the
"equator—pole"  temperature  difference  and
empirically proved that it can lead to certain
transformation of latitudinal positions of subtropical
low precipitation zone and temperate latitudes high
precipitation zone [49].

Using the semi—empirical modelling, a group of
authors discover the dimensionless parameter, which
is characterizing the spatial transformation of a
subtropical low precipitation zone corresponding to
a zone of subtropical anticyclones [49].

As a result was established that at global
temperature incising on 1?C there will be a
displacement of low precipitation zone position on
2? latitudes to a direction of middle latitudes. At
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global warming on 3-4?C the basic zone of a
subtropical precipitation minimum in Northern
hemisphere will be displaced to 34+5? of north
latitude, and it means that northern periphery of a
zone of subtropical anticyclones will cover all
southern territory of Ukraine (Fig.10).

P riin
40 |

35

15

15 25 33 45 55 ATy, °C

Fig.10. Comparison of the latitudinal position of the
subtropical low precipitation zone (¢ ,;,) and the monthly
average "equator—pole" temperatures difference (AT) in
the Northern Hemisphere: 1 — empirical data; 2 — linear
approximation. Source from [49].

On the basis of worked out semi—empirical
models of displacement of a subtropical low
precipitation zone at different levels of global
warming were received estimations of its position in
the future. Displacement of northern periphery of a
subtropical anticyclones zone can lead not only to a
possible reduction in the amount of precipitation, but
also to a sharp intensification of the evaporation
process. This process represents potential danger of
desertification in southern and southeast regions of
Ukraine, since second half of 21-st century, if
modern tendency of global warming will be kept
(especially if global warming will attain 3—47?C).

6.6. Climate change impacts on Agriculture.

Analysis of the climate change impact on agriculture
in Ukraine shows that global warming in the next
decades will have heterogeneous positive and
negative effects depending to agro—climatic zones
(Table 1) [50-52]. Plant growing and plant protection
are the most vulnerable sectors of agriculture under
conditions of climate change.

Research of the climate change impact on global
agriculture already covered a significant area of
world food crops. In Ukraine such type of research
conducted for major crops — winter wheat and
maize, which have the largest contribution to gross
grain production in the country [50-52].

With the realization such scenarios of climate
change as GFDL, UKMO or GFDL-30% is reason

to believe that expected weather conditions will be
favourable for cultivation of winter wheat in
Ukraine. Particularly expected following changes
[50-52]:

e shift the timing of winter wheat sowing at
40-50 days later;

e increase of temperatures
dormancy by 4-87C;

e reduction of negative temperatures sum,
which characterize the wintering conditions, by 3—4
times;

e reduce the period of wintering on 1.5-2.0
months;

o  favourable conditions for the photosynthetic
productivity of crops and improving the overall crop
productivity in 1.2—1.4 times;

e terms of ripeness phase occurrence will be
earlier on 1-2 month.

during winter

Table 1. Specified evaluation criteria and indicators of
vulnerability to climate change for agriculture sector of
Ukraine Source from: [52]

Possible vulnerability Specified indicators of

criteria vulnerability

Crop yields Reduced of spring crops
lyields

Sown areas structure Changing of sown areas
structure.

Moving the boundaries for
crop cultivation areas

Terms of maturation and
harvesting

Reduction of crop growing
eriod

|Area of rainfed and
irrigated farming

Increase of irrigated land

Quality of cereals Reduction of grain nutrient

content

For early spring crops, meteorological conditions
will not change significantly or somewhat worse by
increasing aridity and extremely weather events. It
may result in lower yields due to reduced spring
crops growing season and their earlier ripening.

The influence of warming on maize productivity
showed the following [50-52]:

o shift of the onset of all phenological phases
on an earlier date;

o reduce the growing season by an average of
10-20 days for early and 30—40 days for medium
and late hybrids;

« significant increase in crop yields for middle,
mid-late and late hybrids.

e the main measures to adapt agricultural
production in Ukraine may be the following:
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e increasing the share of winter crops in the
sown areas structure;

e expansion of cultivation area for late spring
grain crops and oilseed plants;

o shift the timing of sowing for spring crops at
earlier dates and for winter crops — at a later dates,
ensuring efficient use of soil moisture reserves;

e use in the southern regions of crop varieties
with short vegetation period, which will receive two
or three harvests per year;

o implementation of retain moisture tillage
technologies, etc.

An important consequence of climate change will
be the increase of extreme weather events number,
and shift climatic zones of Ukraine to the north [49].
Such effects we experience already. To avoid the
negative effects of climate change, it need improve
the land management system and use practices of
crop selection to prevent land degradation and
desertification.

6.7. Aspects of water resources.

The 2015 was selected as indicator of trend. The
general hydrological situation in the basins of
Ukrainian rivers and reservoirs was rather dangerous
due to smallest volume of water in the reservoirs
over all period of their exploitation in 2015 year.
Such situation occurs due complicated climate
conditions (phenomenon of climate aridization), and
increased water consumption.

The intensive water pollution by waste water
from industrial enterprises and municipal
companies, wastewater from animal farms, surface
run of snow melting and rain waters contaminated
pollutants from the agricultural and urban areas,
exploitation of water transport makes the situation in
Ukraine even more complicated [53, 54].

State of most as small as large rivers of Ukraine
continues steadily to deteriorate. To some extent
climate conditions may result in reduction of water
volume in water bodies due to increased evaporation
caused by elevation of surface temperature and
precipitation reduction [54].

At the present moment, water reservoirs and
pounds accumulated approximately 58 billion m® of
water. This volume exceeds the annual flow from all
rivers of country. Regulation of most of rivers
reached or even exceeds the upper economic and
environmentally sound water—allowable limit up to
the point of environmental destruction (above 75%
of total length of channels at optimum 25-30%)

dramatically reduced and often totally destroyed
river self—purification capacity [54].

Systematic analysis of current trends in climate
change, environmental state of river basins of
Ukraine and peculiarities of management and
protection of water resources showed that most
urgent problems are the followings [55-57]:

o increase of temperature at water surface of
water bodies;

o reduction of the water content of water
bodies due to increased evaporation upon increased
surface temperatures and reduced rainfall,
especially in the upper and middle part of the
basins; processes of soil degradation resulting from
the intense ravine and planar erosion, subsidence of
loess rocks, water logging and raising water table
of groundwater;

o increase of frequency and intensity of
steamy fog around the reservoir which forms due to
difference between ambient temperature and
temperature above water in cooling pond;

o intensive alga blooms and, consequently,
occurrence of fish mortality due to reduced oxygen
content in water, slow water exchange and the
formation of stagnation zones;

o intensification of river pollution during low
water periods — due to waste water discharges by
municipalities and industries without adequate
treatment, inefficient treatment plants or no
treatment.

7. How to adapt to climate changes: pilot ideas in
respect of water aspects as critical and
manageable.

Increased irreversible losses of water and reduced
water volume of watercourses with a gradual
temperature increase and rainfall decrease is
observed in Ukraine [57-59]. The answer to this
challenge should be a change in attitude to water:
maximum economy, adequate pricing, termination
of pollution, groundwater use, maximum treatment
and swivel water use, recovery of natural rivers,
lakes, flood plains, deltas, coastal zones, swamps
and wetlands, reduced surface area of reservoirs.
Except given measures, it is necessary to save
forests (and green plantation in cities) because
vegetation (forests) normalizes level of temperature,
accumulates dust, regulate relative humidity,
contribute in improving of air composition and
purity, reduce noise impact, perform wind and snow
protective functions.
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For minimization of water expenditures, in the
cities, first of all it necessary to known haw correct
use water. One from most popular example of
sustainable water using is reducing of fresh
(drinking) water using for technical purposes
(irrigation of green spaces, the fire extinguishing
systems, etc) replacing it on the technical, rainy
specially treated water. In addition, as mentioned
above, it is necessary to increase number of green
spaces, parks and "green" infrastructure objects
(green of parking, green roofs)

Accordingly, the adequate revision of the Water
Code, and national strategies in water management,
education of water users and sustainable water
consumption. Ratification of the Protocol on
Strategic Environmental Assessment introduced the
new legal instrument to be applied inter alia to the
water management schemes and plans. The
necessary revision of the draft law on Environmental
Impact Assessment, its expert discussion and
approval by the Verkhovna Rada of Ukraine
currently shall be accelerated in Ukraine to full
extent address to water saving issue in each
investment project [60-61].

8. Conclusions

The characteristics of a present global warming and
reaction of climatic conditions of Ukraine on global
warming are considered. The analysis of data of
instrumental observations of a network of
meteorological stations of Ukraine for last 100—-130
years showed that its climatic conditions have
reacted to global warming as follow: the annual
temperature increased by 0.6+0.2 °C/100 years,
insignificant increase of the annual sums of
precipitations (5-7% for 100 years). The features of
transformation of seasonal course of climatic fields
of Ukraine of the temperature and atmospheric
precipitations considered also.

The basic ecological consequences of global
warming, which already happened or can be in the
nearest future on the territory of Ukraine, are
following:

o the modern century course of a level of the
Black sea and Sea of Azov is increasing on 15+3
sm/100 years and according to scenarios (RCP4.5 —
DT ~ 2.0 °C) for period till 2050 level of seas will
increase up to 25-35 sm. Tendencies in the change
of environment of coasts of the Black sea and Sea of
Azov draw certain consequences for economic
activity, (worsening of the sanitary—epidemiology
state, decline of quality of recreational resources)
and origin of threat the health of population;

o the analysis of ratio of the
ecobiomorphological ~ components  in

basic
steppe

community of the Ukrainian steppes in second half
XX century - the beginning of XXI century showed
the tendency to decrease xeromorphic component on
30£10% and the return tendency to increase mezo—
morphic on 10+5% and lignostic component on
20x10 %. On the basis of the established tendencies
were received scenarios estimations of possible
changes in ratio ecobiomorphological community
steppes of Ukraine for first half XXI century:
degradation xero—morphic component on 30+15 %
in southern regions and almost full its disappearance
in northern regions and increase of borders of
distribution mezo—morphic component on 105 %
and lignostic component on 2010 %;

e significant changes in the state of
vegetation of nothern Sea of Azov spits during last
70 years - the increasing of meadow—halophytic,
water—swamp and internal estuary aquatic
vegetation on the background of the reduction of
solonchak, sand—shell steppe and littoral vegetation.
Such of changes testify the common trends of spits
changes — their flooding and washing out. Such
changes are connected with specific natural factors
— tectonic lowering of a continental crystal plate
moving shelf in a zone of the Sea of Azov coast
arrangement, acceleration of a modern stage of the
Black sea transgression and anthropogenic—caused
reasons — general sea pollution and intensive raising
of the World ocean level, caused by global
warming;

e the concepts of a rating of catastrophic
climatic—ecological events and an index of climatic
anomaly are entered. The effect of excitation of
catastrophic events on the territory of Ukraine
(increase of intensity or repeatability as a result of a
deviation of temperature of Europe in this or that
side from some optimum level) is established and
proved. Semi—empirical model and scenarios of
repeatability of catastrophic climatic—ecological
events as a function of index of climatic anomaly
was worked out;

e on the basis of worked out semi—empirical
models of displacement of a subtropical minimum of
a zone climatic field of an atmospheric precipitation
at different levels of global warming are received
estimations of its position in the future.
Displacement of northern periphery of a zone of
subtropical anticyclones represents potential danger
of desertification of southern and southeast regions
of Ukraine, since second half of 21 century if
modern tendency of global warming will be kept
(especially if global warming will attain 3—4°C);
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o the analysis of the climate change impact on
agriculture in Ukraine shows that global warming in
the next decades will have heterogeneous positive
and negative effects depending to agro—climatic
zones. Plant growing and plant protection are the
most vulnerable sectors of agriculture under
conditions of climate change;

o the systematic analysis of current trends in
climate change, environmental state of river basins
of Ukraine and peculiarities of management and
protection of water resources showed that most
urgent problems are the followings: increase of
temperature at water surface of water bodies,
reduction of the water content of water bodies due to
increased evaporation upon increased surface
temperatures and reduced rainfall, especially in the
upper and middle part of the basins; processes of soil
degradation resulting from the intense ravine and
planar erosion, subsidence of loess rocks, water
logging and raising water table of groundwater;

The answer to the climate change and water
resources crises challenge should be a change in
attitude to nature and water: maximum economy,
adequate pricing, termination of pollution,
groundwater use, maximum treatment and swivel
water use, recovery of natural rivers, lakes, flood
plains, deltas, coastal zones, swamps and wetlands,
reduction of the surface area of reservoirs. As new
legal instrument the updated Water Code of Ukraine
lined up to European water legislation and the
Protocol on Strategic Environmental Assessment
shall be applied widely. Further development of
Ukraine as a strong democratic state is impossible
without strict and obligate compliance with
environmental legislation as a way on which
depends experience, craft, environmental knowledge
and level of sustainable development of state and
society in future.
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Mera: Metoro AOCHIDKCHHS € aHali3 OCHOBHUX OCOONMBOCTEH 3MiHM KiiMaty B Ykpaini B XX-XXI
CTOJITTSX, i OTPUMATH OIlIHKY MOMUIMBHX PETiOHATHHUX CSKOJOTIYHHUX HACIIIKIB ITiJI BILTMBOM TII00aEHOTO
noterTiHag. Metoan: EMmipiuHi KOHCTaHTH B MOOYJOBaHMX HAMIBEMITIpHYHHMX MOIENSIX OyiH OL[iHEeHi Ha
OCHOBI CTaTUCTUYHOTO aHAJI3y MarepialiB METCOPOJIOTIYHHX CIIOCTEPS)KCHb HA METEOCTaHINIX YKpaiHU
npotarom XX cT. 1 mouarky XXI cr. OTpumani pe3yabTaTd BHKOPUCTOBYIOTHCS IUIA MOOYZOBH CLEHApiiB
MOXJIMBHX 3MIiHH KJIiMaTy B YKpaiHi npu m1o0anbHOMY TIOTEIUTiHHI B HaHOMMKIOMY MailOyTHBOMY.
Pesynabrarn: Kiimatnudi ymMoBM VYKpaiHH BifpearyBaiy Ha TIioOallbHE MOTEIUTIHHS (CepenHbOpiuHa
Temreparypa miasuiiacs Ha 0,6+ 0,2°C/3a 100 pokiB i He3HAUHE 301IbIICHHS PIYHOI CyMH omaaiB Ha 5-7%
npotsarom 100 pokis). OcobnuBocTi TpaHcopMalii CE30HHOTO XOAY KIIMAaTHYHUX IOJIB TeMIeparypH i
atMocepHHX OmadiB B YKpaiHi pO3DIAMAEThCS TakokK. bepyun mo yBarm mio0anbHI 3MIiHH KJIiMary,
MIPOTIOHYIOThCS PEriOHaJIbHI CleHapii KiliMaTy (Temmeparypa i armocdepHi onaan) B Ykpaini 1o 2050 poky.
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OOroBopeHHsI: AHalli3 OCHOBHUX €KOJIOTIYHUX HACIHIIKIB Bif IJ100QJIbHOTO TOTEIUTIHHS, SKI BXKE CTAJIUCS
a00 MOXYTh TPOSBUTHUCS B HAMOIMKIOMY MaOyTHHOMY B YKpaiHi, TPOBEACHO: miTHATTS piBHA YopHOoro i
ABOBCBKOTO MOpIB; IPOCTOpOBa TpaHC(HOPMAIisl CTPYKTYPH CTENOBUX (iTocucTeM; 3MiHM B MiBHIYHIN
YacTHUHI A30BCBKOTO MOpPS €KOCHCTEM MOPCBKUX Kic; 30YIKEHHS KaTacTpo(iuHUX MOTOAHUX SIBUIL B
VYkpaiHi, pO3BUTOK OIyCTEIIOBAHHS B IMIBACHHUX 1 MIBACHHO-CXIMHHUX OO0NAcTAX YKpaiHW, BIUIMB 3MiH
KJIIMaTy Ha CUIbChKE TOCTIOAAPCTBO, aCIIEKTH BOJHUX PECYPCIB.

KurouoBi cjoBa: amanramis; arMoc(epHi Ommamy; BOMHI PECYpCH; €KOJIOTiUHI HACTiAKH; 3MiHa KiIiMary;
3MiHa POCIHMHHOCTI CTEMNiB; KaracTpo(iuHi SBHUILA; OMyCTeNroBaHHs; piBHI YopHOro i A30BCHKOTO MODIB;
TeMITeparypa; CiIbCbKe TOCTIOAAPCTBO; CIICHApii.
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YHI] "UnctutyT 6uonorun” KueBckoro HaMoHanbHOTo yHUBepcuTeTa nMeHu Tapaca IlleBuenko
*UucturyT 6otanukn umenn H.I'. Xomoxroro HAH Ykpauusr

E-mails: 'uaclimate@gmail.com; *y_voloshchuk@uhmi.org.ua; 3yaroslav.movchan@gmail.com;
*poljuljach@ukr.net; °OV_Tyshchenko@ukr.net; ‘ecololgia@bigmir.net; 'Serj6670@gmail.com

Hean: Llensio nccienoBanus ABISETCS aHAIN3 OCHOBHBIX 0COOCHHOCTEH M3MEHEHHS KIMMara B YKpauHe B
XX-XXI croneTusix, U MOJYYUTh OLICHKY BO3MOXKHBIX PETMOHAJBHBIX SKOJIOTHYECKHX MOCIEACTBUN MO
BIMSHHEM TIIOOAanbHOrO TmoTeIvicHus. MeToapl: ODMIHPUYECKHE KOHCTAaHTBI B TOCTPOCHHBIX
MOTySMITUPUYECKUX MOJEISIX OBLIM OIEHEeHhl Ha OCHOBE CTATUCTHYECKOTO aHalW3a MaTepualioB
METEOPOJIOTHUCCKUX HAOMIONCHWI HAa METCOCTAHIMSIX YKpawHbl B TeueHHEe XX cT. W Hadaime XXI cT.
[Tony4yeHHsle pe3ynbTaThl UCHOIB3YIOTCS AJISl HOCTPOCHUSI CLICHAPUEB BO3MOXKHOIO M3MEHEHHS KJIMMAara B
VYkpaunHe npu TI00aIbHOM MOTENJIeHUH B Ommxkaiimem Oynymem. Pesyabrarei: Kimmarnueckue ycioBus
YkpauHbl ONpefeNieHHO OTpearupoBalii Ha TIIO0aTbHOE TMOTeIUieHHe (CpeIHEeroloBas TemIeparypa
nosbicuiiack Ha 0,6+0,2°C/100 jeT ¥ He3HAYMTEIBHOE YBEIMYCHUE TOJOBOM CyMMBI OCaakoB Ha 5-7 % B
teueHue 100 ner). OcobeHHOCTH TpaHC(OPMALIMU CE30HHOTO XO/a KIMMAaTHYECKUX IOJIeH TeMIiepaTypsl U
arMoc(epHBIX OCaJKOB B YKpaWHe paccMaTpuBaeTcs Takke. [IpuHMMas K BHUMaHHIO [IT0OATbHBIE
M3MEHEHUs KJIMMaTa, TpeAiaraloTcs perHoHalbHBIE CIIEHAapWUW KiuMara (Temreparypa U arMocdepHble
ocanku) B YkpamHe Kk 2050 romy. OOcy:kaeHue: AHATU3 OCHOBHBIX DSKOJOTHYECKHUX TOCICACTBUN OT
[100aJIEHOTO TIOTEIUICHUS, KOTOPEIE YK€ MPOU3OILTH HITH MOTYT MPOSBUTHCS B CaMOM OJTU3KOM OyayIieM B
VYKpauHe, BBINIOJIHEH: TMOBBIIEHHE YpoBHEH YepHOro U A30OBCKOTO MOpei; MpOCTpaHCTBEHHOE
peoOpazoBaHue CTPYKTYPHl CTEMHBIX (UTOCHUCTEM; W3MEHEHHS B CEBEPHOW YacTH A30BCKOTO MOpS
9KOCUCTEM MOPCKHX KOC; BO30YXKIeHHE KaTacTpOo(UUECKUX ITOTOJHBIX SIBICHUN B YKpawHe, pa3BUTHE
OITyCTHIHUBAHHS B IOXKHBIX M FOTO-BOCTOUHBIX OOJIACTSIX YKpauHbI, BO3JICHCTBHEC M3MCHCHUN KIMMara Ha
CEJIBCKOE XO3SIMCTBO, ACIIEKThI BOAHBIX PECYPCOB.

KiioueBble cioBa: ananramus; aTMoc(epHbIe 0CaJKH; BOAHBIE PECYpPChl; H3MEHEHUE KIIMMaTa; N3MEHEHUE
PAcTUTENIBHOCTH CTEIEH; KaTacTpo(UUeCKue SBJICHUS; OIyCTHIHMBAHUE; CLIEHApUH; CEJIBCKOE XO3SHCTBO;
TeMmIeparypa; ypoBHH UepHOro 1 A30BCKOTO MOpPEil; SKOJIOTHYECKHE MOCIIEACTBHUS.
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