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! Xepconcvruii depacasnuii azpapruii ynigepcumem
2 [ncmumym aepoexonoeii i npupodoxopucmyeanns HAAH

Cmpameeiuna exonoeiuna ouinka (CEO) € nadiiinum incmpymenmom y 3a6e3neveHui cmitikoc-
mi HABKOAUWHBb020 cepedosuua Kpain mpanckopoouHux oacetinie. Aupexkmuea 2001/42/€C
B8UBHAUAE 30008°A3aHHS OP2AHIE 0eplcasrHo20 YnpasainHs (abo mux npueamuux opeauiza-
yiit, wo Hadarome nyoAiYHI NOCAYelU) W000 BUBHAUEHHS MA OYIHKU NOMEHUIIHO 3HAYYULUX
eK0102IMHUX HACAIOKIE NPONOHOBAHUX NAAHI6 ma npoepam (He noaimuku), y m.u. y cgepi
MPAHCKOPOOHHO20 CRIBPOOIMHUUMEA, 3 MEMOK NOCAAONeHHS a00 YHUKHEHHS NOMeHUIliHO
BHAYYU020 HeeamugHo20 6NAUBY HA HABKOAUUHE npupodﬂe cepe()oeuuge we 00 yxeaneHHs
makoeo niaxy abo npogpamu. Piuxa ﬂmnpo € 00Hier i3 Hallbinvuux pivox €eponu, bacelin
axoi mae 511 muc. km? i p03mamoeaﬁuu ¥y mexcax mpwvox depacaé — Pociiicokoi Dedepauii
(19,8 % 6i0 3aeanvroi naowji 6aceiiny), Pecnybnixu binopycs (22,9) ma Ykpainu (57,3 %).
3 02150y Ha cOUIANbHO-eKOHOMIMHUI CIMAH MPAHCKOPOOHHUX KPAiH, eKoao2iuHa cumyayis 6
baceiini /[ninpa € cmabirbHo Hecmiiikor. Becmanoeaeno, wo 045 po3e’s13aHHs eK0A0TUHUX
npobdaem mpanckopOoHHOI piuku HabOinbl nepcneKmu8HUM € NPAKMU4He HAyKo80o 00TPYH-
moeane 6nposadicerHHs 0ACeliHO8UX NPUHUUNIE NPUPOOOKOPUCMYBAHHS, SKe nepedbauae
BUKOPUCMAHHA KOMNAEKCHO20 Nni0Xody 00 opeaHizauii 3emae- ma 60000X0POHHUX 3aX00i8,
3 YPaxy8awHam cucmemHocmi docaioncernsb. B ocnosy 3a60anus 00CAi0NCeHHS NOKAAOEHO
3diiicnennss CEO npocmopoeo-uacosoi mpancgopmauii aanowapmuux exocucmem 8000-
30ipHoi mepumopii p. /Ininpo Ha ocnosi npunyunie 6aceiinogoeo nioxody. Cmpameeiuna
eKo0n02iMHa OYiHKa [ npocmopose epyny8anHsa 30iliCHeHO 3a WiCMmbMa NOKA3HUKAMU a2po-
2eHHOI mpauchopmauii cmpyKmypHo-@QYHKYIOHANbHO20 CMAHY AAHOWAGMHUX eKocucmem
obacetiny /ninpa: aicucmicms, po3opanicms, naouii cxunie nonad 1°, naowi cxunie niedeHHoi
eKCno3uuyii, naowi po3opanux cxunie, nioui epo0o8anux OpHUX 3emens. 3a pe3yibmamamu
CEO i eeomodenrosanns susnaueno, ujo nonad 50% mepumopii 6aceiiny /[ninpa mae 8ucoxy
azpoeeHHy mpancgopmauiro cmpyKmypHo-@YHKUIOHAAbHO20 CIMAHY AAHOWADMHUX eKOCUC-
mem. lonosnum Kpumepiem decmabinizayii aecposanowagpmis € 8UCOKa po30pamicms, 045
BUPIUEHHS NUMAHHS Halle(heKMUBHIUWUM IHCMPYMEHMOM NOKDAWEHHs eK0A02IMH020 OANaHCY
mepumopii mpanckopooHH020 baceiHy € CKOPO4eHHs OPHUX 3eMenb Ha KOPUCMb THUUX Yeidb
abo exonoeiunozo ondy é mexcax 470 cybbaceiinis i3 3aeanvroio naoweio ~ 346,3 muc. km’
(~ 67,8). Pauionanvre semaexopucmyeanns gionogiono do CEO nosunno épaxogysamu
eracmugocmi i 0cobaueocmi Aandwagpmy, cnpusmu 0Xopori i 6i0MEOPeHHI0 TPYHMOB020,
POCAUHHO20 NOKPUBY MA THUUX NPUPOOHUX KOMNOHEHMIB Y CniepoOimHuymei i y3200xcenHi
Midic depicasamu mparHcKkopoOOHH020 Oacelity.

Karouosi caoea: cmpameeiuna exonoeiuna oyinka, ciarbcbK020cno0apcobka 0C80EHICMb,
aicucmicms, epo3ilHUll nomenyian, piukogi baceiinu, piuka J[Hinpo, eeomodentosants,
T'IC-mexnonoeii.

In recent years, the need and impor-
tance of operations of the strategic level,
aimed at regulating and ensuring environ-
mental sustainability of geo-hydro system
of trans-boundary basins are growing. To
ensure a comprehensive approach to the en-
vironmental assessment and management of
trans-boundary basins the environmental as-
sessment methods have been set that require
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constant improvement and amendments by
the principles adapted to policies, plans and
programs of neighboring countries, primarily
in the areas of trans-boundary basins. In Eu-
ropean practice, evaluation of policies, pro-
grams and development plans and ensuring
environmental sustainability units Directive
2001/42 /EU «On Strategic Environmental
Assessment» is used. Strategic Environmental
Assessment (SEA) is the main instrument for
integrating environmental considerations (in-
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cluding health) in the development of plans
and programs. SEA promotes sustainable de-
velopment through the promotion of environ-
mental issues in economic and social develop-
ment and the integration of green economy
objectives and sustainable consumption and
production in the strategic decision making.

After Ukraine signed the Protocol on
Strategic Environmental Assessment in 2003
to the Convention on the assessment of the
environmental impact in a trans-boundary
context, some national and local authorities
used the SEA in the strategic planning. Rati-
fication of the Protocol and implementation
of procedures for strategic environmental as-
sessment provided by the National Action
Plan on Environmental Protection for 2011—
2015, approved by the Cabinet of Ministers
of Ukraine dated 25.05.2011 No. 577-p, and
the National Program of Ukraine to the EU
legislation as Protocol reflects the approach
adopted at the EU level and enshrined in
Directive 2001/42/EU. In 2013, Ukraine has
developed new legislation on SEA (draft Law
of Ukraine «On Strategic Environmental As-
sessment» and «On Ratification of the Pro-
tocol on Strategic Environmental Assessment
to the Convention on the Assessment of the
Environmental Impact in a Trans-Boundary
Context», agreed with the concerned central
executive government and submitted to the
Ministry of Foreign Affairs for further ap-
proval to the President of Ukraine), which
creates the need for wider integration of SEA
in planning processes at national and regional
levels through training, development of pro-
cedures related to SEA, and exchange of the
best practices.

The issue of the need, development, and
methodological development of the direction
and feasibility of using strategic environmen-
tal assessment was studied by the scientists:
E. Ashykova, B. Burkynskyi, E. Joio M. Par-
tidario, B. Sadler, A. Cherp V. Karamushka L.
Nilsson, D. Palehov, T. Fischer, N. Humarova,
E. Khlobystov and other scientists [1-3].

The analysis of the research shows that in
ensuring the environmental policy of Ukraine
and on the way towards European integration
it is necessary to create the conditions (infor-

mation, investment attractiveness, economic
justification, etc.) for mandatory strategic
environmental assessment during the deve-
lopment of plans and programs and at stra-
tegic planning,

Strategic environmental assessment is an
important tool for planning and decision-
making to ensure sustainable development.
SEA is also a systematic process used in ma-
king decisions that takes into account the
impact of human activity on the environment.
This process accounts for the environmental
impact of development proposals, programs,
etc., takes into account costs, resource re-
quirements, labor. The process includes an as-
sessment of potential impacts of the proposed
project, policy or program on the ecosystem —
air, water, land and living organisms. It also
provides for study of the effects of socio-eco-
nomic nature to the public. These assessments
provide a sound basis for limiting or elimina-
ting the negative impact on the environment
when making strategic decisions.

SEA is referred to a number of analytical
approaches and approaches based on partici-
pation, aimed at integrating environmental
considerations into policies, plans and pro-
grams and evaluate internal relations of eco-
nomic and social aspects. SEO can be defined
as a set of approaches that use a variety of
tools, not a single, fixed and prescriptive ap-
proach. Good SEA is adapted, developed in
accordance with specific conditions in which
it is applied. This can be seen as a continuum
enhanced integration: at one end of the con-
tinuum is the principal aim to integrate into
the process of strategic decision-making en-
vironmental problems at the same level with
economic and social problems; on the other
side the emphasis of the problem is put on the
full integration of environmental, social and
economic factors in a comprehensive assess-
ment of sustainability.

Strategic Environmental Assessment
(SEA) is a reliable tool in ensuring the en-
vironmental sustainability of trans-bound-
ary basins. Directive 2001/42/EU defines
the obligations of the government (or those
of private organizations that provide public
services) to identify and assess potentially
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significant environmental effects of the pro-
posed plans and programs (not politicians),
including cross-border cooperation, view to
easing or avoiding a potentially significant
negative impact on the environment prior to
approval of such a plan or program.

Ukraine has borders with seven countries,
19 of the 27 administrative and territorial
units are borderline. In the border areas such
as Vinnytsia, Volyn, Ivano-Frankivsk, Lviy,
Luhansk, Odessa, Sumy, Kharkiv, Chernivtsi,
Chernihiv, Donetsk, nine European regions —
Bug, Upper Prut, Dniester, Dnieper, Car-
pathian, Lower Danube, Slobozhanshchina,
Donbass and Yaroslavna are created, five Eu-
ropean regions are created with states — EU
members (Poland, Slovakia, Romania, Hun-
gary). Within the European regions cross-
border cooperation has been since 1993.

According to the State program of deve-
lopment of cross-border cooperation 2016—
2020 years, approved by the Cabinet of Mini-
sters of Ukraine on August 23, 2016, No. 554
among the main priorities of Ukraine there is
to strengthen the cross-border cooperation in
the field of ecology, integrity and continuity
of the ecological network to create a warning
system for trans-boundary movement air pol-
lutants and rivers, minimize negative effects
on the environment, conservation of biologi-
cal and landscape diversity, sustainable use,
protection and restoration of water resources,
the creation and functioning of trans-boun-
dary protected areas and facilities with the
need to preserve the integrity and continuity
of ecosystems, natural corridors, ecological
networks formation based on the basin prin-
ciples of the nature.

The Dnieper river is one of the largest ri-
vers of Europe, the swimming pool of which is
511 thousand km? and is located within three
states — the Russian Federation (19.8% of
the total area of the pool), Belarus (22.9%),
and Ukraine (57.3%). Cross-border Dnieper
basin is a diversified complex that has a high
natural and socio-economic value to the three
neighboring countries, but the environmen-
tal crisis, caused by the construction on the
Dnieper cascade reservoirs that completely
changed the dynamics of flow, extensive sys-

tem management, large-scale land reclama-
tion, construction within the basin of the in-
dustrial complex, vast amounts of water for
industrial and agricultural production, dump-
ing large amounts of contaminated water, etc.
[4-8], led to a significant deterioration in
the functioning of integrity of geo-hydro-
eco-system of the trans-boundary basin, and
quality of drinking water and as a result, led
to deteriorating the health of people. Because
of historical patterns of development of the
Ukrainian part of the Dnieper river basin in
its territory there is more than 60% of total
industrial production in Ukraine. The area
of arable land in trans-boundary basin is 283
thousand km? or 55.4% of the total area of
the basin, of which 206 thousand km? (72.8%)
are in Ukraine. About half the state’s popula-
tion resides in the territory of the basin and
two thirds of drink water is from the Dnieper.
Therefore, taking into account the conditions
of high anthropogenic load for the rational
management of natural resources the search
for optimal interaction between management,
man and nature is necessary, i.e. the formation
of balanced relations between the exploita-
tion geo-hydro-ecosystem their guard and
purposeful transformation [9, 10]. Taking
into account the socio-economic situation
of cross-border the environmental situation
in the Dnieper basin is constantly unstable
[11]. Therefore, to solve the environmental
problems of trans-boundary river, the most
promising is a practical evidence-based imple-
mentation of basin principle of nature, which
involves the use of an integrated approach
to land and water conservation measures on
the basis of the systematic research. The main
stage in the territorial organization of trans-
boundary basin environmental management is
to determine the spatial and temporal patterns
of processes of degradation of the complex
as a whole and determine specific relation-
ships to research chain «environmental sustai-
nability or breach of landscapes — the quality
of surface water — human health» conditions
for sustainable operation of the natural geo-
hydro-ecosystem Dnieper basin, meeting the
needs of the population and production of
natural resources with minimal disturbances
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of geo-environment of natural integrity and
improving the nation’s health. Geo-planning
of the territory of trans-boundary river basin
should be based on assessment of agro genic
transformation of structural and functional
state of landscape ecosystems as the main
violator of integrity geo-hydro-eco-system
and environmental problems of the Dnieper
river basin. The results are aimed at solving
a number of topical issues and problems im-
plementing the Water Framework Directive
2000/60 /EU in Ukraine, the Water Strategy
of Ukraine till 2025, Directive 2001/42 /EU
and the Law of Ukraine «On Strategic Envi-
ronmental Assessments, the Law of Ukraine
«On Approving the National Target Program
Development of Water and Environmental
Rehabilitation of the Dnieper river for the
period till 2021».

The basis of the research objectives is ent-
rusted with the implementation of strate-
gic environmental assessment of space-time
transformation of landscape of the eco-sys-
tems of the Dnieper river catchment area on
the basis of river basin approach.

L.M. Korytnyy [12] estimates the drai-
nage basin as a «special spatial unit of the
biosphere, the most promising for the study
of multidimensional nature, economy and en-
vironmental management». The advantages
of using the basin approach for environmen-
tal research and the organization of environ-
mental management indicates the clarity and
simplicity of selection borders; hierarchical
structure that allows you to jump to different
territorial levels of government; organization
unidirectional flows of matter, energy and
information; geo-system relationship that
enables to carry out all types of environmen-
tal monitoring; restriction of soil and vegeta-
tion, settlement system and environmental
management to individual basin structures;
localization anthropogenic sources of pollu-
tion along watercourses watershed.

RESEARCH MATERIALS AND METHODS

To separate annual sub-basin of the
Dnieper river into groups depending on the
order of the main channel, the approach of
Stralera-Filosofova used [12, 13]. The ability

to study geomorphological features of the
load on the Dnieper basin and all components
of the landscape in relation to the charac-
teristics of water flow parameters allows the
basin organization area at watersheds erosion
forms of IV procedure, which provides for
the identification of landscape heterogeneity
territory.

Agricultural development and distribu-
tion of forest area in the basin of the Dnieper
river is determined based on decoding of the
data of the land remote sensing (LRS) using
correctly calibrated series of MODIS satellite
images (geometric distinction ~ 230%230 m)
as of 23.04.2015 and 13.08.2015. Thematic
image interpretation procedures conducted
on the basis of dimensionless index NDVI —
normalized differential vegetation index. The
official statistics were used for the purpose of
comparison and correction of the results.

To investigate the erosion potential of
landscapes different-order catchment of river
sub-basin by morphometric characteristics
of the terrain (part of slopes is more than 1°,
Part of the southern slopes, the proportion of
cultivated slopes) using the working module
Surface of Spatial Analyst Tools and Zonal
Statistics of Spatial Analyst Tools.

Earlier a systematic approach was presen-
ted, using cluster analysis, multi-functional
GIS-instruments and LRS data to analyze
anthropogenic load capacity and display of
water-erosion processes in agricultural land-
scapes in the territory of the regional geo-
eco-system. Reproduced approach is used in
part for grouping different-order watershed
sub-basin of the Dnieper river as to agricul-
tural development and environmental condi-
tion. Spatial clustering was carried out on
six indicators to assess agrogenic transfor-
mation of structural and functional state of
landscape ecosystems Dnieper river basin:
forest cover, plowing, squares slopes more 1°,
squares slopes of southern exposure, the area
cultivated slopes, eroded areas of arable land.
For this tool we used Grouping analysis of
Spatial Statistics Tools. For processing, GIS
analysis and mathematical modeling spatial
heterogeneity of distribution of the studied
parameters we used licensed software ArcGIS
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10.1, MathWorks MATLAB 7.9 R2009b and
STATISTICA Advanced + QC for Windows
v.10 Ru.

RESULTS AND DISCUSSION

As a result of spatial hydrological gemod-
elling, it has been found that almost half the
length of all the erosion forms of the Dnieper
river basin is forms of 1st order, and 90% of
the total length is 1—4 orders of magnitude.
For all the basin of the Dnieper (S = 511 thou-
sand km?) we identified 776 pools ranging
from 1.9 to 22.680.2 km? IV—IX orders. The
analysis of the catchment area of different-
order Dnieper basin showed that the area
is drained by thalwegs from the first to the
fourth order that makes 58.4%, fifth and sixth
order — 33%, from the seventh to ninth —
8.6%, so the main supply bed sediments is car-
ried by the top and middle managers (91.4%)
and local power drifts lower level bed of the
Dnieper is 1.8%. The main power source is
snow waters in the upper reaches, they con-
stitute about 50%, ground — 27% and rain —
more than 23% [14, 15].

Woods, as part of the natural areas of the
Dnieper basin perform a number of important
and unique ecological and economic func-
tions. They affect the water exchange and
the state of aquatic ecosystems, prevent soil
erosion, prevent from the formation of gullies
and landslides, as well as landscapes and pre-
serve the fertility of grants and so on. Degree
of river sub-basin watershed forest preserves
the natural ecological balance of the entire
trans-boundary basin, which is significantly
disrupted by human activities. Land resources
of the Dnieper river basin are characterized
by a high level of business development.
When taking into account the degree of til-
lage and forest to assess the consequences of
the anthropogenic violation of the territory
[16] transfer from medium to strong degree of
transformation of land resources is associated
with a share of more than 40% of arable land
and forest cover at least 20%. The analysis
of the impact of the main components of the
agro-landscape on the formation of maximum
slope runoff losses showed [17] that the lar-
gest order in the functioning of agro-land-

scape systems is observed in 40—-60% of tillage
and field protection forest cover of 17-20%.
The smallest loss of river flow is observed in
the weighted average slopes to 2.5°, when
plowing watershed is 40-60%, natural grass-
lands — 33-53% forest cover and shelter —
7% [18].

Forest resources are very unevenly dis-
tributed throughout the basin of the Dnieper
River. Forests are mainly concentrated in the
upper part of the basin and are underrep-
resented in its lower part, dominated by a
relatively small area of artificial afforestation
and forest shelter belts. The total forest area
is approximately 175.4 km? (Fig. 1a), includ-
ing Belarus — 48.6%, Russian Federation —
31.6% and Ukraine — 17.1%. Forest cover of
trans-boundary Dnieper basin for individual
catchment river sub-basin ranges from 0% to
95% (Fig. 1b): Most of sub-basin (~ 97%) of
forestation> 20% are located in the bounda-
ries of the upper reaches (forest area) of the
Dnieper river in its all sub-basin in the steppe
and forest steppe zones of the Dnieper basin
forest area is missing two or three times less
than the optimum level.

Land resources of the Dnieper river basin
are characterized by a high level of develop-
ment of economic (Fig. 2a). Almost three-fifths
of the basin were completely lost its natural
landscape as a result of intensive economic
use. MLI. Lopyrev [19] proposes to assess the
sustainability of agricultural landscapes on
parity «arable land / natural lands». On aver-
age for gently hilly terrain ratio «arable land /
natural lands» defines the following types
of state agricultural landscapes: 70:30 — de-
struction, 60:40 — not stable, 50:50 — boun-
dary stable, 40:60 — minimally stable, 35:65 —
average stable, 30:70 — resistant, 25:75 — co-
verings, 0:25: 100-75 — ecological balance
with steady increase soil fertility.

Based on this classification, the average
value of ecosystem sustainability of landscape
in the Dnieper river catchment is estimated
as unstable. Plow areas of trans-boundary of
the Dnieper river basin in separate sub-ba-
sin catchment is distributed evenly enough
(Fig. 2b) in the direction of the Dnieper river
from north to south, it increases on average
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by 75%, from east to west by 60%. The ra-  sessment of the degree of environmental sus-
tio of arable and forest cover gives an idea  tainability as each sub-basin and the entire
of the system of strategic environmental as-  basin.

- 2=

Forest cover, %:

-<10,0 (370)
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Fig. 1. Spatial characteristics of forest area distribution in the basin of the Dnieper river: a) forests;
b) share of sub-basin watershed boundaries different-order, %
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Fig. 2. Agricultural development of landscape in the Dnieper river basin: @) agricultural lands; b) share
of sub-basin watershed boundaries of different-order %
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The results of modeling indicate a high
degree of environmental vulnerability and
displays strong degraded land resources pro-
cesses more than 70% of the trans-boundary
basin, leading to a significant disruption of
hydro-eco-system of the Dnieper River.

The most valuable in the economic terms
on which degraded water and erosion have
the least impact on agricultural landscapes
are upland areas. In the areas of slopes signifi-
cant signs of erosion processes are primarily
caused by anthropogenic factor. Analysis of
the situation of erosion suggests that it ap-
pears since the slopes 10 [20]. As a result of
spatial analysis of the morphometric charac-
teristics of relief we determined that slopes
share of the boundaries of the Dnieper river
basin (Fig. 3a) in average increases from west
to east in 2.7 times, in the direction of the
river (north = south) distribution is uneven
with sinusoidal changes.

A part of the area of slopes of the southern
exposure P, is an additional criterion and
displays a tendency to exercise pools erosion
during snowmelt. P, Criterion for each basin

Part of the slopes, %:
-<10,0 (52)
-10,0-20,0 (173)
-20,1-30,0 (255)
-30,1-40,0 (158)
-40,1-50,0 (74)
->50,0 (64)

] IIII

T T T T T
100 200 400Km

a)

was calculated based on the digital eleva-
tion model (DEM) division raster displays,
sampling azimuth values ranging from 135 to
225° Tt is assumed if the Py, > 25%, the basin
topography is characterized by high erosion
potential during snowmelt [18]. A part of P,
is less than 20% (Fig. 3b) with 183 (23.9%)
sub-basin with a total area of 104.4 thou-
sand km? ~ (20.4%) in the range of 20-25%
with 472 (61.6%) sub-basin area ~ 341.6 thou-
sand km ~ (66.9%), increased erosion poten-
tial in snowmelt are 121 sub-basin water-
shed with a total area of ~ 65.0 thousand km?
(12.7%).

In the cultivated slopes of the trans-boun-
dary basin the modern water-erosion proces-
ses occur mostly in the form of planar flu-
shing. Natural factors of development and
intensity of flow are features of topography
(slope length and slope exposition), weather
conditions (amount and intensity of rain
and snowmelt rate), erosion and other soil
properties. Plow slopes of the Dnieper riv-
er basin in some areas of sub-basins reach-
es 64% (Fig. 4a), thus 596 (77.8%) of the

" \1}‘

7 ,,&/‘(('\\

Part of the southern slopes, %:

[ ]-<200 (183)
I - 20,0 -25,0 (472)
B ->250 (121)

T T T
0 100 200

b)

Fig. 3. Characteristics of morphometric parameters of slopes within the boundaries of different-order
watershed sub-basin of the Dnieper river: a) part of the slopes more 1°, %; b) part of the southern

slopes, %
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sub-basin watershed with the total area of
383.6 thousand km? (75.2%) have less than
20% of cultivated slopes; 20 to 50% of culti-
vated slopes — 174 (34.0%) with the area of
125.1 thousand km? (24.5%), more than 50%
of the slopes are cultivated 6 (0.8%) with an
area of 2.3 thousand km? (0.5%). Plow slopes
significantly increases (11 times) from west
to east trans-boundary basin, and this trend
is observed from its source to the delta of the
Dnieper, in the direction of plowing slopes of
sub-basin landscape increases by an average
45 times.

As a result of excessive agricultural de-
velopment of landscape in the Dnieper river
basin, including high tillage, extensive use of
productive land, processes of soil degradation,
characterized by erosion index, become wide-
spread. It is an indicator of negative changes
in the properties of soils in consequence of
the processes of water and wind erosion in the
territory of agro-landscapes watersheds that
lead to the loss of the most fertile soil, remo-
val of humus (degumufication) and nutrients,
a significant deterioration in the physical

Part of cultivated slopes, %:
-<10,0 (418)
-10,0-20,0 (178)
-20,1-30,0 (101)
-30,1-40,0 (56)
-40,1-50,0 (17)
->50,0 (6)

— T T T T T T
100 200

e

properties of the soil, reducing yield and qua-
lity crops. With the deterioration agrophysi-
cal properties, susceptibility to erosion which
can lead to complete loss of humus horizon
and irreversible deterioration of soil increases
more. In the medium and strongly washed-
off lands opportunity of soil infiltration is
reduced to 30% and washing-off increases
1.5-2.0 times, which leads to a significant
increase in accumulation processes in rivers
of products erosive destruction of soil with
it agrochemicals mio-genes, heavy metals,
including radionuclides, which significantly
impair the quality of river water, cause eu-
trophication of water bodies, sedimentation
ponds, reservoirs, valleys of small rivers that
cause extinction of many of them in the bor-
ders of the Dnieper river basin.

According to the historical and geographi-
cal research and decryption of satellite images
it has been found that over the past 200 years,
the total length of small rivers (100 km)
has decreased by almost 40% with an ave-
rage speed of degradation of streams almost
15 km/year. Large-scale extinction of wa-

$ 1.

Part of arable land eroded, %: \‘

-<10,0 -absent (298)

-10,1-20,0 - weak (138)
I - 20,1 - 30,0 - significantly (149)
I - 30,1 - 40,0 - strong (118)
I - 40,1-50,0 - very strong  (47)
Il - > 50,0 - catastrophic (26)
—T— —T—
0

1
100 200 400Km

b)

Fig. 4. Erosion danger and intensity of degradation of farmland in the watershed boundaries of diffe-
rent-order in the Dnieper river sub-basin: a) part of cultivated slopes, %; b) part of arable land eroded,

%
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tercourses lower orders within 85% of the
total length and reduce annual network eut-
rophication of watercourses IV-V orders
with shorter overall length of more than 13%,
constantly intensified erosion manifestations
of human nature. The combination of certain
environmental factors creates conditions for
the exercise of accelerated erosion and unsus-
tainable economic activity is the main cause
of its development, leading to significant deg-
radation of soil and groundwater, and in some
cases, possible changes in topography and
the boundaries of trans-boundary Dnieper
river basin.

Erodibility of soils in the Dnieper basin
varies boundaries (Fig. 4b) of 0.13% (absent)
to 74.5% (catastrophic): 436 (~ 56.2%) catch-
ment of river basins with a total area ~ 260.2
thousand km? (almost 51% of the total area
of the Dnieper basin) have weak or non-exist-
ent area of eroded lands; a significant degree
of soil erosion with 149 (~ 19.2%) sub-basin
with a total area of ~ 117.5 thousand km?
(~ 23.0%); from severe to catastrophic erosion
of soil with 191 (~ 24.6%) sub-basin with a
total area of ~ 133.3 thousand km2 (~ 26.0%).
It is estimated that on average soils slightly
eroded shortfall crop is 10-20%, the average
eroded — 40—60% and strongly eroded — up
to 80% [21].

In the steppe and forest steppe zones of
the Dnieper basin crop shortfall on eroded
soils much depends on the degree of wetting
soil, which from the source to the mouth of
the Dnieper 3 times reduces. Therefore, for
effective agricultural practices and land users
to obtain high yields in the steppe and forest
steppe zones of trans-boundary basin hydrau-
lic networks were built with a total area of
irrigation — 2.64 million ha [22], of which
95.5% is in the territory of Ukraine. Since the
beginning of irrigated melioration, changes in
operating conditions of all components of the
environment have been changed, in particu-
lar the direction and speed of groundwater
processes. The results of these changes can
have a positive effect (imoisture improvement,
productivity, etc.), and ecologically negative
consequences (processes flooding, salinity,
alkalinity, water logging). The direction and

intensity of negative effects on agricultural
and adjacent land depends primarily on the
climatic and hydrological conditions of the
region, the volume of supply of irrigated
water. Culture of the agriculture, state and
efficiency of hydraulic networks and use of
irrigation water, the processes of degrada-
tion and stability of agricultural landscapes
in irrigated areas to a greater extent is deter-
mined by the level of occurrence of ground-
water as the main indicator of hydrogeo-
logy-ameliorative condition of irrigated lands
and the effectiveness of the collector-drainage
[23]. On irrigated land, while maintaining
the traditional paradigm of irrigation leads
to the increased power humus horizon (for
low humus soil is particularly dangerous)
and increase the driving force of the process
of leaching, transfer of organic matter into
the lower profile remote plants soil horizons
and, consequently, decrease the efficiency of
farming, deterioration of groundwater and
topsoil fertility, primarily light and medium
grain size. Therefore irrigated agricultural
landscapes of the Dnieper basin instead of
the standard paradigm of irrigation, the use
of which results in the whole world should re-
cognize the poor required a sharp reduction of
water consumption [24], reducing water seep-
age inside the regime, especially through the
soil, reduce water losses, reducing irrigation
degradation soils. The current stabilization of
geo-chemical barriers is in the soil and aera-
tion zone [25]. This gives an opportunity to
overcome the impulse internal-soil continual-
discrete paradigm of irrigation and moiste-
ning the soil suitable way [26]. Alongside
with that to restore the lost fertility of eroded
soils you should greatly fertilize especially
organic fertilizers. In order to compensate for
losses of humus due to erosion, the soil should
get 3 times more organic matter than it was
washed away because not more than 25-30%
of manure introduced into the soil is humi-
fied, but taking into account the constantly
increasing cost of fertilizers leads to a per-
manent negative consequences of erosion in
agricultural areas of the Dnieper river basin.

Summary results of the evaluation indica-
tors of the degree of transformation agrogenic
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Table 1
Average different-order sub-basin watershed by the gradation of indicators
of the agrogenic transformation of the structural and functional status
of landscape ecosystems of the Dnieper river basin
Share in the sub-basin watershed boundaries, % T
Indicators otal,
km?
<10 | 10-20 ‘ 20-30 ‘ 30-40 40-50 | >50
Forest cover S 198792.70 | 125631.10 | 59463.70 | 50640.40 |31467.00| 45005.10 | 511000
% 389 24.6 11.6 9.9 6.2 8.8 100
Arable land S 40865.20 | 57972.20 | 66104.70 | 38574.20 |[93048.60 | 214435.10 | 511000
% 8.0 11.3 12.9 7.5 18.2 42.0 100
Slopes S 16612.51 | 92872.06 | 176890.40 | 134982.50 | 48567.10 | 41075.44 | 511000
more 1 % 33 18.2 34.6 26.4 9.5 8.0 100
Cultivated S 1223917.60|159686.10 | 77119.09 | 38679.22 | 9297.20 | 2300.80 | 511000
slopes % 438 31.2 15.1 76 1.8 05 100
Arable land S 151620.30 | 108608.20 | 117436.60 | 88332.11 [29523.40 | 15479.40 | 511000
eroded % 29.7 21.3 23.0 17.3 5.8 3.0 100

structural and functional status of landscape
ecosystems of the Dnieper river basin are

shown in Table 1.

As a result of geo-modeling (spatial
grouping or clustering) typing was made
(Fig. 5) of watershed sub-basin by six in-
dicators of the agrogenic transformation
of structural and functional state of the
landscape ecosystems of the Dnieper river
basin. There are three groups (clusters),
where defining classification signs were
forestry, erodibility and tillage (including
slopes) soil (Table 2), this section is con-
sistent with the physical and geographic
zone trans-boundary Dnieper river ba-
sin and the degree of anthropogenic load,
sub-basin of Group I confined to the fo-
rest zone, IT and III groups to steppe and
steppe zones. Tillage and soil erosion gives
an idea of the results of large-scale long
agrogenic load and modern structural and
functional status of landscape ecosystems
in the Dnieper river basin.

Group I (landscape and ecologically
stable or slightly broken) — sub-basin of ab-
sent or weak soil erodibility and low agro-
genic transformation, where the propor-

tion of arable land is on average about 19%,
including the slopes of 5%, average forest
cover of about 30%. This group is 95% gone

Grouping:
[ J-group | (373)
[ - group 11 (198)
I - group 111(205)

[ — T
0 100 200

Fig. 5. Spatial group of the Dnieper basin by the level
of the agrogenic transformation of structural and
functional state of landscape ecosystems
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Table 2
Indicators of agricultural development and ecological status of catchment
sub-basin trans-boundary Dnieper basin
Part of arable | Part of forest | Part of arable | Part of slopes ¢ I;?_r t ted ¢ Paatl
land cover land eroded more 1° of cuftvate of southern
Group slopes slopes
%

I 19.3+8.7 29.8+11.5 5.8+4.3 26.4+8.9 5.0+3.8 21.3+2.2
I1 75.7+15.1 6.9+4.4 33.2+11.4 16.6+8.0 12.1+6.3 20.9+2.8
111 66.7+11.2 7.4+4.8 28.5+11.0 44.0+13.2 28.2+10.1 24.9+2.8

catchment area of the rivers located in the
upper reaches of the river, the total number
was 373 (48.7%) sub-basin with a total area of
224.2 thousand km? (~ 439%).

Group II (high agro-genic transformation
of landscapes) — sub-basin with high agricul-
tural development (about 76%), a significant
and strong low erodibility and forestation
~ 7%. It includes 198 (~ 25.8%) sub-basin
with a total area of 116.6 thousand km?
(~ 22.8%).

Group III (agrogenic transformed with
high soil erosion risk) — sub-basin with high
agricultural development (about 67%), strong

Reduction of arable land, %:
-not needed  (306)

-to 20 (127)
-of 20 to 30 (78)
-of 30 to 40 (74)
-of40t0 50  (63)
-of50to 60 (108)
-of60to 65  (20)

T LI S
100 200

Fig. 6. Need to reduce agricultural burden on the

Dnieper river basin

and very strong erodibility, low forestation
~ 7%, a high proportion of cultivated slopes
an average of 44% and increased erosion po-
tential during snowmelt.

Construction of the cascade on the Dnie-
per of six reservoirs with a total area of
6950 km? and total accumulated volume
of 43.8 km? of water led to the flooding of
50 thousand km? and flooding of 10 thou-
sand km? of productive land violated the
ecological balance and radically altered
water exchange conditions compared to
natural conditions it slowed to 30 times
[27]. Taking into account these conditions

the waterfront of the Dnieper basin of

IX procedure was confined to the third

degree of agrogenic transformation of

the structural and functional status of

landscape ecosystems. It includes 205

(~ 26.8%) sub-basin with a total area of

170.2 thousand km? (~ 33.3%).

In most sub-basin of the river Dnieper
main criterion of destabilization of agri-
cultural landscapes is a high level of til-
lage, in this case the most effective tool
for improving the ecological balance of
the territory trans-boundary basin study
is the reduction of arable land for other
land or environmental fund. As a result
of the calculations it is necessary to re-
duce the arable land, especially in the ter-
ritories agrogenic transformed sub-basins
with high soil erosion hazard, the need for
reducing the extent of extensive farming
agro-landscape load on the Dnieper river
basin was identified (Fig. 6) the boun-
daries of 470 (61.4%) of the sub-basin
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with the total area of ~ 346.3 thousand km?
(~ 67.8%).

As the arable lands are the main source of
agricultural production and guarantee food
security in the Dnieper river basin it is neces-
sary to find a compromise between achieving
the environmental sustainability of agricul-
tural landscapes and cost-effective intensity
of agricultural production, especially organic
farming to obtain stable yields and reduce the
level of pollution of surface waters.

CONCLUSIONS

Strategic environmental assessment and
spatial clustering was carried out on six
indicators of agrogenic transformation of
structural and functional state of landscape
ecosystems of the Dnieper river basin: forest
cover, plowing, squares slopes more 1°,
squares slopes of southern exposure, the area
cultivated slopes, eroded areas of arable land.
Forest of watershed river sub-basin ranges
from 0% to 95%, approximately 67.4% sub-
basin steppe and steppe zones with a total
area of ~ 324.4 thousand km? (63.5%) have
less than 20% forests, indicating a low capa-
city preserving the natural ecological balance
in areas of the middle and lower reaches of the
Dnieper river. Much of the basin completely
lost its natural landscape as a result of inten-
sive economic use. About 416 watershed sub-
basins, occupying 60.2% of the Dnieper basin
have a strong degree of transformation of the
land. The analysis of the degree of forest and
arable indicate high ecological vulnerability
and displays strong degraded land resources
processes more than 70% of the trans-bounda-
ry basin, leading to a significant disruption of
hydro-eco-system Dnieper river. Erosion and
potential cumulative watershed sub-basin de-
pends on the presence of particles agro-land-
scapes slopes more 1°. Erosion and cumula-
tive potential of watershed sub-basin depends
on the presence of particles agro-landscapes
slopes more 1°. About 72% of watershed sub-
basin with more than 20% of landscapes is on
the slopes. Almost 12.7% (65.0 thousand km?)
area of the Dnieper basin has increased at ero-
sional potential snowmelt. Plow slopes of the
Dnieper river basin sub-basin in some areas

reaches 64%, including 180 (23.5%) sub-ba-
sin with a total area of 127.4 thousand km?
(25.0%) have a part of plowed slopes of more
than 20%. Their number increases signifi-
cantly (11 times) from west to east of the
trans-boundary basin, and this tendency of
the agrogenic violation of agricultural land-
scapes is observed from the source to the delta
of the Dnieper, in the direction of plowing
slopes in the sub-basin boundaries increases
on average — 4—5 times. The results of the ex-
cessive agricultural development of the land-
scape of the Dnieper basin led to a significant
intensification of soil degradation processes,
characterized by the erosion indicator that
constantly accompanied by water and wind
erosion. This leads to a significant reduction
in infiltration of the opportunity and increa-
sing washing-off the soil in 1.5-2.0 times and
a significant increase in accumulation pro-
cesses in rivers the products of erosive de-
struction of soil, and alongside with that agro-
chemicals, myogenes, heavy metals, including
radionuclides that significantly worsen the
quality of the river water, cause eutrophica-
tion of water bodies, sedimentation ponds,
reservoirs, valleys of small rivers that cause
extinction of many of them in the borders
of the Dnieper river basin. From medium
to catastrophic soil erosion degree with 340
(~ 44.4%) of sub-basins with the total area
of 250.8 thousand km? (~ 49.0%), which is
the reason for the shortfall in yield from 40%
to 80%.

As a result, strategic environmental as-
sessment and geo-modeling determined that
more than 50% of the Dnieper basin has high
agrogenic transformation of the structural
and functional status of the landscape ecosys-
tems. The main criterion for the destabiliza-
tion of agricultural landscapes is a high level
of tillage, in this case the most effective tool
for improving the ecological balance of the
territory of the trans-boundary basin study
is the reduction of arable land for other land
or environmental fund 470 sub-basin bounda-
ries with a total area of ~ 346.3 thousand km?
(~ 67.8).

Rational land use in accordance with the
strategic environmental assessment should
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take into account the characteristics and fea-
tures of the landscape, promote the protection
and reproduction of soil, vegetation and other
natural components in a single agreement be-
tween the countries of trans-boundary basin.
This can be achieved through the basin of na-
ture and landscape-ecological approach [28],
which involves identifying relationships in
ecosystems agricultural landscapes and water
bodies, their record in selecting destinations
and types of land use in the watershed sub-
basin boundaries. To generate environmen-
tally sustainable agricultural landscapes and
reducing erosion and cumulative processes in

catchment areas of river basins priority must
provide the following set of measures: organi-
zational and economic reclamation — a system
of soil rotation, mosaic structure of land, de-
graded land, creation of ecological frame area
etc. hydro-meliorate — sustainable irrigation,
erosion rates, protection zones, bottom build-
ings, dams, bridges, spray flow etc. land im-
provement — limiting the use of heavy tillage
machinery, creating buffer strips of grasses, soil
protecting technologies, reduction of pesticide
use, handling across slopes, etc; agroforestry —
shelter, and stock-regulating and forest belts;
continuous afforestation slopes, etc.
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