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Executive summary 

 

The industrialization, irregular and unplanned urbanization and uncontrolled population increase 
have affected the natural resources all around the world and in the Black Sea Region. The 
conservation and sustainable management of natural resources and services and biodiversity are 
very important global problems. There is an urgent need to develop efficient methods to monitor 
and to determine special ecosystem types to conserve the natural balance. Many different 
research studies have been applied on special ecosystem types for last decades due to their 
sensitivity (Magurran, 1988, 2004; Kavgaci et al., 2007).  

The presented final deliverable D5.11 is multi-aspect. Such a diversified structure of the 
deliverable is determined by the nature of such monitoring object as biodiversity, its response to 
climate and human impacts at the level of individual species and whole communities. Following 
parts of the executive summary indicate the main scope and results of the executed casestudies 
within Work Package 5 related with this Deliverable. 

 

Monitoring of biodiversity on the example of indicator species and communities at the 
Azov-Black Sea coast of Ukraine  

The given results are based both on retrospective data and researches in the project framework on 
more than 50 monitoring plots of the Ukrainian part of the Azov-Black Sea coast of Ukraine located 
in deltas of the Danube and Dniester, at the coast of Tendrovskyi Bay of the Black Sea, Syvash, 
Utliukskyi and Molochnyi Liman and on unique spits of the Azov area. The studies included about 
20 indicator species and several indicator communities. 

Analysis of these data, based on general EnviroGRIDS project objectives was built according to 
the following scheme: drivers, their direction and extent; current state; estimation of impact on 
indicator species and communities; socio-economic prognoses; possible response management 
decisions (Drivers ï State ï Pressure ï Impact ï Responsible ï DSPIR). 

The research (monitoring) outputs within the project are structured in separate blocks depending 
on an end result of the impact. It was demonstrated how the direction and force of impacts differ 
for particular climate drivers. Thus, increase of temperature has a positive impact on biomass 
growth and general productivity of communities. On the other hand, high summer temperatures 
sharply reduce the activity of many terrestrial organisms and induce changes in wetlands quality. 
The similar concerns can also be considered for air humidity, increase of precipitation. Increase of 
humidity has a positive impact on vegetation communities and their productivity though inhibits the 
imagoes activity and retards their development. 

The climate warming favoured extension of species ranges to the north-east in inland Ukraine as 
far as 400-600 km which is shown on the example of indicator species (the seathorn hawk-moth, 
dice snake), and also expansion of the northern edge of the wintering area for some wader species 
(avocet, dunlin, grey plover, etc.) starting from the Mediterranean area and South-Western Black 
Sea coast to a chain of wetlands in the North Black Sea and Azov regions. 

Increase of average monthly temperatures in the region (from 0.5 to 2.5ʦ C in different seasons), 
sharp increase of summer insolation with fluctuation of seasonal humidity and precipitation sum 
demonstrate reliable correlations of earlier development and activity of insects from 2 to 8 weeks 
and growth of their numbers. Positive influence of temperature increase is shown on the example 
of productivity of the reed, meadow vegetation communities, most of indicator fish species. 
Additionally, a negative impact of high summer temperatures on physiological activity and changes 
in phenotypical structure of an indicator species Lacerta agilis are also shown in this report. 
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Against a gradual degradation of such ecotone ecosystems as coastal salt marshes (because of 
their drying-out) and depletion of species composition of bird dwelled in them there is increase of 
runoff of large rivers of the Azov Sea Basin along with the rise of sea level. All this had led to a 
partial freshening of the sea and changes in ichtyocoenoses. 

Certain results were received on phenology of indicator species of plants, insects, fish and birds. 
For example, there were proved trends of changes in migration characteristics of long-distance 
bird migrants Anser albifrons and Philomachus pugnax. It is evident from an early start of 
migration, accelerated gain of departure mass and late return from breeding grounds ï as a 
consequence of bird response to the warming and earlier start of suitable breeding conditions in 
Arctic tundra and boreal latitudes. 

Trends of temperature increase, if retain for decades, will lead to significant changes in the 
structure of Afro-Eurasian migratory routes of birds, with ecological and medical-biological 
consequences for humans. 

Expected (prognosticated) socio-economic effects induced by changes in numbers, productivity 
and phenology of particular species or communities are minutely reviewed at various taxonomical 
levels and groups.  

The results of the research simplify the organization of further biodiversity monitoring and give an 
essential impetus for the sustainable management and anticipatory decision-making.  

Each subsection of the first part of the report contains the original factual material received in the 
process of monitoring of indicator species and communities.  

 

Forest biocoenoses  

Forest biocoenoses play an important regulatory and stabilizing role in the biosphere. They are a 
powerful regulator of water and heat balance, regulate and maintain the gas composition of the 
atmosphere, reproduce resources and preserve the environment, being as well centers of 
biological diversity. The deliverable includes two case studies of forest coenoses of different type, 
located in the Black Sea region. These are Iĵneada alluvial flooded forest in Turkey and 
mountain forests in the Crimea, Ukraine. 

 

Flooded forests (Iĵneada, Turkey) 

Flooded (alluvial/longos) forests are one of the important ecosystems of the Earth because of 
biological diversity, natural functions and financial values they have. The coverage of flooded 
forests has been decreased in all around the world because of heavy anthropogenic and human 
induced affects. There is a huge need to investigate these ecosystems and define their function. 
As a result of this awareness, many studies of floodplain forests have been conducted for 
elaborating biodiversity, function and their importance.  

Selected test region, Ķĵneada, is very valuable, in terms of ecosystem diversity. The rich flora and 
fauna distribution makes Ķĵneada longos forests more important and sensible. Flooded 
(alluvial/longos) forests in Ķĵneada are natural conservation areas but they are under threat of 
different factors. As a result of the intensive forestry, grazing, illegal cutting, uncontrolled tourism 
activities and unpredictable population growth the structure of the flooded forests in the region has 
been particularly damaged. Because of this, Ķĵneada Flooded Forests and its surrounding 
environments have priority for sustainable protection and management. In this project, at the first 
stage, all related information about flora and fauna of the different Ķĵneada Ecosystems were 
gathered and documented based on variety of scientific reports, published thesis and articles. 
Therefore, remote sensing technology used to derive land use and land cover categories of the 
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region. Temporal satellite images were used to determine land use/cover change detection in the 
selected region. The results were used to analyze the role of the human induced effect in the area.  

Floodplain forests in Turkey have an important role in the regional scale and knowledge of them is 
crucial for management and conservation of very rich and sensitive ecosystems. Ķĵneada flooded 
forest is very valuable and unique, in terms of ecosystem diversity. It is one of the protected and 
wildlife management areas on the Thracian Black Sea coast (2,500 ha). Increased awareness of 
sensitive environment functions and benefits has shifted Ķĵneada flooded forests and its 
surrounding environments to the forefront of conservation science. As a result of this conservation, 
documentation of sensitive ecosystems, analyze the impact of loss and degradation and 
management of these region have expanded. In order to conserve the ecological balance of the 
world, sensitive ecosystems such as flooded forests, wetlands and sand dunes have to be 
managed, developed and conserved. In this study, the biodiversity of Ķgneada was elaborated. In 
addition, a current national policy on management of biodiversity in selected region was reported 
based on conservation categories. At the last stage the coverage of sensitive environment was 
determined by using freely available temporal Landsat 5 TM data. Different change detection 
methods were conducted to delineate land cover changes occurred in the region because of 
human induced affects. The results show that a little increase in the barren and urban lands 
occured in Ķĵneada. Main maps produced within this case study were published through ĶTU 
EnviroGRIDS Geoserver (http://160.75.13.13:8080/geoserver/web/). 

 

Mountain forests (Crimea, Ukraine) 

In Crimea, forests occupy 270 thousand hectares, about 10% of the region territory and are 
concentrated in the mountains. In Crimea, oak forests of relatively low soil quality dominate. 
However, they are on the edge of their distribution, so in environmental terms are very vulnerable. 

At the same time, the role of forests of the mountain area for the environmental status of the 
region, as well as the industrial south of Ukraine and all of southern Europe, is difficult to 
overestimate. This is explained by the fact that they are the factor in the formation and regulation 
of water balance, have a high potential of self-purification, and neutralize in the biological cycle 
pollutants coming from the cross-border transfer, are the South-European Centre for Biodiversity 
and the storage of the gene pool (as in contrast to the Mediterranean forests they have mostly 
preserved natural state). 

This case study contains the results of studies of mountain forest ecosystem, carried out in the 
territory of one of the largest nature reserves in Crimea ï Yalta Mountain Forest Nature Reserve, 
as well as other test areas. It gives landscape and ecological characteristics of the study area, 
accompanied by a series of maps of the propagation of rare species of plants and animals, and 
plant communities; phytopathological situation, landscape organization, etc. (Database and maps 
are shown on GeoServer TNU http://envirogrids.crimea.edu/ http://80.245.119.241/geoserver/web/. 
All maps in WGS1984 projection). 

Investigation of vertical and spatial structure of forest ecosystems were conducted using a variety 
of field (stationary, semi stationary and expedition) and laboratory data collection, processing and 
visualization of data, GIS methods (software ï ENVI 4, ArcView 3.2, ArcGIS 10), remote sensing of 
Earth and satellite image interpretation SPOT4, NOAA, Landsat 7-ETM, aerial images. The state 
environmental policy and legal framework of biological diversity were analyzed, the structure and 
content of the environmental monitoring of forest ecosystems in the mountain Crimea was shown. 
There were identified the main threats to the conservation of biological diversity in forest 
ecosystems of the mountain area and clear up the problem of regional management of mountain 
forest areas. 

Generally, the factors that determine the ecological status of the Crimean forests are: 

http://envirogrids.crimea.edu/
http://80.245.119.241/geoserver/web/
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Å lack of moisture for 6-7 months, which is not conducive to natural regeneration by seeds; 

Å periodic massive damage of leaves and young plants by phytopathogenic entomofauna, rodents 
and rabbits, as well as eating the seeds and seedlings by other animals; 

Å frequent fires; 

Å long-term (for 2-3 ages) human impact: logging, trampling of soil, grass and undergrowth; 

Å high recreational and tourist load; 

Å air pollution (mainly through cross-border transfer). 

 

Invasive alien species  

Human-mediated introductions of invasive alien species (IAS) are increasing environmental 
pressure for the Black Sea region, which need to be properly estimated and relevant management 
actions should be implemented at the regional and national levels. In order to address IAS-related 
issues and contribute to relevant capacity-building on the regional level, with support of 
EnviroGRIDS project we collected relevant information on aquatic and terrestrial invasions in the 
Black Sea Catchment area. This information is stored in relevant databases, including those 
hosted by the the Regional Euro-Asian Biological Invasions Centre (REABIC), and conducted 
analysis of trends in IAS introductions for selected aquatic and terrestrial ecosystems.  

Information stored in this database was further used for estimation of relevant IAS-related 
environmental indicators for main assessment units within the Black Sea Catchment area, 
including Black Sea itself, and river basins of three main tributaries to the Black Sea ï Danube, 
Dnieper and Don Rivers. Specifically, in this report we are presenting our analysis of Trends of 
alien species invasions, which is recognized as main IAS-related environmental indicator for 
Europe. Trends of alien species invasions were estimated for non-native fish and invertebrates for 
the Black Sea (Ukrainian part), Danube, Dnieper and Don River Basins. This indicator is useful 
both for assessment of the ecosystem state in regard of IAS introductions, and as indicator of the 
effectiveness of preventive management options.  

Our analysis of collected information on historical records of aquatic alien species indicated that 
during last two decades rates of new species introductions in the Black Sea and its main tributaries 
increased substantially. Increasing shipping activities, canals and aquaculture in the Black Sea and 
its basin during last 2-3 decades are considered as main reasons of this drastic increase. In case if 
no relevant management options implemented, new introductions of IAS are expected along with 
related negative ecological and socio-economic consequences. In addition, in this report we review 
some cases of terrestrial introductions. 
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 ABBREVIATIONS 

ANOVA : Analysis of Variance 

ARC  : Autonomous Republic of Crimea 

AZBOS  : Azov-Black Sea Ornithological Station (Ukraine) 

DBR  : Danube Biosphere Reserve 

DHMO  : Danube Hydrometeorological Observatory  

DN : Digital Numbers 

DOS : Dark Object Subtraction 

DSI  : Development Stability Index 

DSPIR  : The scheme ñDrivers ï State ï Pressure ï Impact ï Responsibleò 

GCPs  : Ground Control Points 

GEF  : The Global Environment Facility 

GIS  : Geographic Information System 

IAS : Invasive alien species 

ISODATA : The Iterative Self-Organizing Data Analysis Technique 

ITU : Istanbul Technical University (Turkey) 

IUCN  : International Union for Conservation of Nature 

KLES : Karadag Landscape Ecological Station 

MED : Marine edge of the delta  

MFNR : Mountain Forest Nature Reserve 

ML : Maximum Likelihood 

MSAVI : Modified Soil Adjusted Vegetation Index 

NDVI : Normalized Difference Vegetation Index 

NGOs  : Non-governmental organizations 

ODKBD  : Outer delta of Kiliya Branch of the Danube 

ONU : Odessa National University named by I.I. Mechnikov (Ukraine) 
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PC  : Projective cover 

PCA : Principle Component Analysis 

PFS  : Protected Fauna Species 

PVI : Perpendicular Vegetation Index 

RMSE  : Root Mean Square Error 

ROM  : Regional Ornithological Monitoring 

RVI : Ratio Vegetation Index 

REABIC : Regional Euro-Asian Biological Invasions Centre 

RWMC  : the Regional Waterbird Monitoring Service 

SAVI : Soil Adjusted Vegetation Index 

SPFS  : Strickly Protected Fauna Species 

SPSU  : St. Petersburg State University (Russia) 

SWOT : Strengths, Weakness, Opportunities and Threats  

SZP  : Stensivsko-Zhebrianski Plavni (territory in the Ukrainian Danube Delta) 

TM : Thematic Mapper 

TNU : Tavrida National University 

TPC  : Total projective cover 

UISK  : Karst Research Institute 

UTM : Universal Transvers Mercator 

WWF : World Wildlife Fund 

YMFNR   : Yalta Mountain Forest Nature Reserve 
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Introduction 

The preparation of the final deliverable D5.11 involved four partners of the EnviroGRIDS project: 
AZBOS, ITU, SPSU and TNU. The work of the AZBOS collective was focused on the estimation of 
changes in biodiversity under climatic and other factors, and the prognostic development of 
expected ecological and socio-economical effects of these changes. 

The work was based on the selected number of indicator species among higher plants (including 
several key vegetation communities), insects, hydrobionts, fish (including ecological groups), 
reptiles, birds and mammals, monitoring of which allowed to estimate the impact of climate and 
some other anthropogenic factors mostly related to land use and water use. 

Taking into account the vulnerability of ecotone communities to climate factors, for them, within the 
Azov-Black Sea coast of Ukraine monitoring plots, were chosen where working programmes were 
realized to study indicator species or communities. During these monitoring works there was 
refined the list of indicator species, optimized the number of monitoring plots, tested methods and 
set of parameters. The main parameters of monitoring constitute the number, productivity 
(biomass) and population structure (including phenotypical), and phenology. A separate data block 
was connected with changes in sizes and zones of habitations, integrating in GIS-formats on 
geographical basis. 

All the above-mentioned approaches allowed to implement, practically in the complete volume, the 
foreseen monitoring research and obtain interesting data how the state of population and 
communities depend on the impact of different factors. Analysis of these data, basing on general 
EnviroGRIDS project objectives was built according to the following scheme: drivers, their direction 
and extent; current state; estimation of impact on indicator species and communities; socio-
economic prognoses; possible response management decisions (Drivers ï State ï Pressure ï 
Impact ï Responsible ï DSPIR). 

A part of investigations on the dynamics of the marine edge of the Danube Delta and 
transformation of adjacent areas of the coast was carried out with participation of experts from the 
Danube Hydrometeorological Observatory (DHMO) and Environmental Monitoring Centre of 
Odesa National University (ONU), partners of EnviroGRIDS project. 

Since, due to objective reasons, we could not cover the whole territory to analyze all the directions 
of biodiversity changes and all the indicator species, we have used a principle of control monitoring 
plots. The control plots were selected in different parts of the Azov-Black Sea Region of Ukraine 
taking into account the specific characteristics of a particular indicator species and the task 
formulated. 

To estimate the state of ecosystems of the Azov Sea, changes in the sea productivity and 
hydroecological indices we have used a system of numerous stations for taking samples along all 
the seacoast instead of concentrating efforts on several plots. 

In the process of fieldworks the validity of monitoring plots was estimated and, if needed, 
corrections were made (ineffective plots were excluded from research or replaced with others). 
The final variant of location of the monitoring plots which data laid in the ground of this deliverable 
is shown in Figure. 

The presented results reflected all the variety of impacts of changing climatic indices, both at the 
level of particular species, indicators of direction and extent of impact, and at the level of 
communities. Especially obvious were changes at the level of vegetation communities in delta 
ecosystems of large and small rivers, and also in rare steppe communities and vulnerable meadow 
communities.  
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Distribution of the monitoring plots 

 

Well-expressed changes are described for bird wintering communities. Substantial changes 
happen with the Azov Sea, unique in its shallowness and high productivity. Practically in all the 
situations there was analyzed the interaction of climatic and anthropogenic factors which, in most 
cases, aggravated the state of species and communities. The obtained results of estimation in 
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changes of biodiversity (in spite of the fact that many of them estimate only the initial stage of 
trends) will be continued with analysis of various socio-economic effects of the observed changes. 
This concerns not only the branches connected with use of nature resources (irreversible water 
use, fishing, hunting, harvesting of vegetation resources, grazing, etc.) but also indirect 
consequences for recreation and land use. 

The obtained results can be essentially helpful for the development of future management-plans 
for valuable nature complexes, and for the protection and reproduction of reversible nature 
resources, the development of adaptation strategies to expected changes. In this respect, we see 
certain perspectives for the follow-up of the initiated monitoring research. It emphasizes the 
importance of EnviroGRIDS project which served as a trigger for launching several directions of 
monitoring works within the Azov-Black Sea coast of Ukraine where detail investigations and 
biodiversity control is still poor budgeted from governmental sources.  

Understanding the importance of public, and especially decision-makers, awareness of changes in 
biodiversity under the impact of different factors, in this deliverable we also elucidate the current 
communication mechanisms and also the possibilities of information dissemination which were 
designed or reinforced within the project. 

In this final deliverable some materials are intentionally abridged in text and illustrations, since they 
were explicitly represented in the previous deliverable D5.1. Fist of all, it relates to the 
retrospective analysis of the previous state of biodiversity in the region and impact of different 
factors, description of all the monitoring plots, schemes and parameters of monitoring. These D5.1 
materials can be addressed for more details of monitoring and other specifics of its organization.  
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1 Assessment of biodiversity in the Black Sea wetlands at the level of 
indicator species and communities (AZBOS) 

1.1 Analysis of main biodiversity drivers  

 

1.1.1 Current situation and trends of main climate indices at the Azov-Black Sea 
coast of Ukraine 

 

In spite of ambiguity of climate predictions, developed for the Black Sea area, we can notice 
certain trends of recent decades for temperature and, in lesser extent, for humidity. It is natural, 
that variability range of these factors differs in details even within the region, but general trends are 
similar. In whole, increase of average air temperature at coastal stations for the last 30 years 
constituted 0.42-0.55 ʦC per each 10 years (Hydrometeorological conditionsé , 2009). 

Changes in climate indices are shown on the example of Bekhtery meteostation data (Kherson 
region, Ukraine), located in the centre of the Azov-Black Sea coast. 

To analyse dynamics of meteorological conditions the following indices were used: average 
annual, average seasonal and average monthly temperatures, sums of positive temperatures, 
annual and seasonal precipitation sums. To estimate the integrated influence of temperature and 
humidity on indicator communities and species the hydrothermal coefficient was used. 

Hydrothermal coefficient was calculated by formula: 

C=10*Ref/Ɇtef, 

where: C ï hydrothermal coefficient; Ref ï annual precipitation (rainfall) sum for the temperature-
effective period (i.e. period with average diurnal temperatures 10ºC and higher), mm; Ɇtef ï sum of 
effective temperatures (i.e. annual sum of average diurnal temperatures equalling or exceeding 
10ºC). 

 

Average annual temperature  

Average annual temperature for the last 30 years has a pronounced increasing trend. Thus, in the 
first decade of the considered period (1981-1990) cool years dominated, with average annual 
temperature lower than long-term values (+10.6º), and two of these years -1985 and 1987 -were 
extremely cool (average annual temperature was, correspondingly, +8.2º and +8.4ºC). 

In the second decade (1991-2000), warm years dominated (average annual temperature of warm 
years slightly exceeded the average long-term norm). At the same time, average annual 
temperature of the coolest years of this decade was, nevertheless, substantially higher than that in 
extremely cold years of the first decade. 

Over the period 2001-2011 the values of average annual temperature were, as a rule, essentially 
higher than average long-term values. The exception was 2003, 2006 and 2010. Also, it should be 
noted that in 2007 it was registered the highest value of average annual temperature ï +12.6oC. 

 

Analysis of temperature per seasons  
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Warming trends are also well traced at the level of particular seasons (Figure 1.1.1, 1.1.2-1.1.6). At 
the same time, for winter season (December-February), with average long-term temperature of 
-0,3ºC, it is sooner the reduction of cold seasons and growth in number of seasons close to the 
norm than the noticeable increase in frequency of warm winters (Figure 1.1.1). 

It should be also mentioned that in recent years (since 2010) there is not sharp but pronounced 
declining trend in the average temperature of winter season. 

Spring and summer have a common pattern of substantial increase in frequency of warm seasons. 
With long-term values of spring temperature (March-May) +9.6o and summer (June-August) +21.8o, 
the number of years with temperatures close to the norm is reducing (Figure 1.1.1.) but frequency 
of warm and very warm seasons is sharply increasing. 
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Figure 1.1.1. Trends of warming of seasons over the period 1981-2012 (by data of Bekhtery 
meteostation, Kherson Region) 

 

As for autumn seasons (September-November), it should be noted that with average long-term 
values of autumn temperature +10.9o, the frequency of seasons close to the norm is slightly 
reducing (Figure 1.1.1.), but a particular feature of the recent period (2001-2011) is a complete 
absence of seasons with the temperatures lower than the norm. It is an evidence of gradual 
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accumulation of the sum of positive temperatures by the time when autumn comes, and is well 
accorded with many trends in phenology and in productivity of indicator species and communities. 

More detailed picture of the temperature and humidity dynamics per seasons is shown in Figures 
1.1.2-1.1.6. 

 

Precipitation 

Distribution of precipitation in the region is much more variegated than temperature trends. As for 
annual precipitation sum, we can state only that it considerably fluctuates between years. The 
annual precipitation sums greatly differs inland and in the coastal zone. 

Since a majority of the studied indicator species and their communities are located in the coastal 
zone, it is reasonable to estimate trends in changes of precipitation amount exactly for this coastal 
zone. 

Average value of annual precipitation sum for the observation period is 382.4 mm. Since 1981 an 
obvious decreasing trend of annual precipitation sum is observed. It is well illustrated by minimum 
extremum points of the curve of long-term dynamics of this index (Figure 1.1.2): in dry years (1983, 
1986, 1990) the values of annual precipitation sum tend to be lower and lower. This trend of 
decreasing humidity resulted in quite a severe draught of 1990-1994. During this draught period 
the values of annual precipitation sum retained, mostly, within 227.7 é 255.4 mm. The only 
exception was 1992, with 369.8 mm of precipitation. 

The year 1995 initiated the extremely wet period which lasted until 2005. In this period, the annual 
precipitation sum was lower than the norm only once ï in 1999 (332.3 mm). Especially humid were 
1997 (580.4 mm or 151.2 % of the norm) and 2004 (603.2 mm or 157.1 % of the norm). 

After 2005, a relatively dry period started again. In 2006-2007 the annual precipitation sum made 
up, correspondingly, 347.4 and 339.1 mm. After the wet year of 2008 (447.7 ʤʤ), in 2009 the 
annual precipitation sum dropped even lower (up to 291.4 mm). 

The most remarkable for the considered 32-year period was the year 2010, which annual 
precipitation sum (685.1 mm or 178.5 % of the norm) turned out to be the absolute record for the 
whole observation period and 71.5 mm exceeded the previous record of 1970. It is interesting that 
in 2011 the value of this index dropped until 300.1 mm, almost corresponding to the level of 2009.  

It is also difficult to distinguish any pronounced trends of growth or decline of precipitation per 
seasons. We can only state that a particular feature of the recent period (2001-2012) was a high 
frequency of wet winters and dry summer seasons. Details of precipitation dynamics per seasons 
are shown in graphs (Figure 1.1.2.-1.1.6). 

 

Hydrothermal coefficient  

Hydrothermal coefficient is an index of moisture supply in a territory during the vegetation period. 
Long-term dynamics of hydrothermal coefficient, annual precipitation sum for the temperature-
effective period and annual sum of effective temperatures is shown in Figure 1.1.7. 
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Figure 1.1.2 Long-term dynamics of average annual temperature and annual sum of precipitation. 
 
 

 

Figure 1.1.3. Long-term dynamics of average seasonal temperature and precipitation sum of 
winter season. 
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Figure 1.1.4. Long-term dynamics of average seasonal temperature and precipitation sum of 
spring season. 

 
 

 

Figure 1.1.5. Long-term dynamics of average seasonal temperature and precipitation sum of 
summer season. 
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Figure 1.1.6. Long-term dynamics of average seasonal temperature and precipitation sum of 
autumn season. 

 

 

Figure 1.1.7. Dynamics of hydrothermal coefficient and some integral meteorological indices (in 
the temperature-effective period) per years 

 

According to the data, represented in the Figure 1.1.7, the extremely high moisture supply during 
the vegetation period was in 1997 (hydrothermal coefficient 1.00), 2004 (1.13) and 2010 (0.93). 
Also a very humid vegetation period was in 1982 (0.82), 1988 (0.83), 2000 (0.85) and 2008 (0.88). 

An extremely low moisture supply during the vegetation period was in 1993-1994 (hydrothermal 
coefficient 0.34) and 2006-2007 (hydrothermal coefficient, correspondingly, 0.38 and 0.39) and 
































































































































































































































































































































































































































































































































