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GEOINFORMATION MODELING OF ANTROPOGENIC TRANSFORMATION
OF THE BASIN GEOSYSTEMS (CASE STUDY OF DNISTER RIGHT TRIBUTARIES)

L I1. Koganvuyk, O. 1. Muxumuun, A.I. Kosanvuyx. TEOTH®OPMAIIIHHE MOJEJTIOBAHHSA AHTPOIIOTEHHOI
TPAHC®OPMAIII FACEHHOBHX 'EOCHCTEM (HA ITPHKIAJI ITPABOBEPEKHHX ITIPUTOK JHICTPA). Y cmammi
AKYeHmoBano yeazy Ha Memooax KilbKiCHO20 OYIHIOBAHHS AHMPONO2EHHO20 HABAHMAICEHH HA PIuK0BO-0ACEUHO8I 2eocucmemi.
3oxkpema, poszenaHymo Memoouxu, AKi 0a3ylOMbCa HA  GUSHAYEHHI CNIGBIOHOWIEHHAX PISHUX 6Udi@ 3eMI1eKOPUCHTYBAHHS
(@.M Munvkosa, €. Knemenmosoi ma B. Ieinize, I1.I1. Bopwescvkozo, M.B. Bospun, H.M. Pioeii i /I.JI. Llogponosa) i mi, ¢ sxux
BUKOPUCMOBYIOMbCA 842081 Koeiyicnmu, uwjo KA3yIoms Ha CMYNIHb | 2IUOUHY NEPEeMBOPEHHA NPUPOOU KOHCHUM GUOOM 3eMIeKOPUC-
myeanns (I1I7 [Luwenxa, A.M. Tpemsaka). Ha npuxnadax piuxogo-bacetinosux eeocucmem bepescnuyi ma Bucmpuyi (Ilpuxapnam-
CbKUX NPaodepedcHux npumox JJuicmpa) 3a 00nomoeoio 2eoinghopmayitino2o MoOen06anHs OYiHeHa Penpe3eHmMuEHICMb pe3yibma-
mie, OMPUMAHUX 3a YUMU MEMOOUKAMU, BIO3HAYEHO 0COONUBOCII Ma nepesazu i HeOONIKU KOMCHOI 3 OYIHIO8AHUX MemoouK. Jisi 0oc-
JOACYBAHUX 2€0CUCTNEM GUSHAYEHO CNYNIHb AHMPONO2EHHOI mpancgopmayii, 2e0eKoN02iUHUL CMAH a2pOoIaHOuApmis, 2e0eKono2iy-
HYy cmabilbHiCmb Ma AHMPONO2EHHY MPAHCHOPMAYilo, SUAGNIEHO CHINbHI 3AKOHOMIDHOCMI Ma GiOMIHHI 0COOMUBOCMI DINKOGO-
bacetinogux ceocucmem. B x00i pobomu eupiuy8anocs numauHsa 6ub0py OnmuMaibHux CmMpyKmypHUX 00UHUYb 2e0NpoCmopy, 8 po3-
i3l AKUX 6apmo 30ilCHI08AMU AHANI3 AHMPONOLEHHO20 HABAHMAICEHHS, d MAKONC CNOCOOU HANOBHEHHS DA3U OaAHUX OISl KAPMozpa-
giunoco moodenroganna. Ha npukiadi piuxoso-daceiinogoi eceocucmemu bepexcruyi 0068e0eHO 6aNCIUBICIb OYIHKU NPUPOOHUX
00°exmig (8 OaHomy BUNAOKY PIUKOBUX Oacelinig) y po3pizi NPUPOOHUX CMPYKIMYPHUX OOUHUYbL HUNCYO20 NOPAOKY (nidbacelinis).
Ockinvku 6 0aHoMy 6URAOKY YCKAAOHIOEMbCS 30Ip iHpopmayii npo cmpykmypy 3eMaeKOPUCIYB8anHts, sIKa 3a36Udail opmycmscs y
PO3pizi aOMIHICMPamugHUux 00UHUYb, 3 MEMOI0 HANOBHEHHs 6a3u OAHUX 0BIPYHMOBAHA OOYLIbHICIb BUKOPUCMAHHSA OAHUX OUCMAH-
yitiHo2o 30n0yeanns 3emui. Odepoicani pe3yibmamu ceiowams npo me, Wo 8a2oMa poib y cmabinizayii aHmpono2eHH020 HABAHM A-
JICEHHS BIOBOOUMBCS 30EPENCEHHIO IICOBUX MACUBIB, SIKI GACMUGL 6ePXHIM OLIAHKAM OACEUHIB, IMEHUEHHIO PO30OPAHOCIE HUNCHIX
yacmun Oacetiny, niompumyi 6 HAIEHCHOMY CMAHI MeNiopamueHUX KAHAie, 3MEHWEHHIO 6NAUBY NPOMUCIO80CHI HA O0GKILIS Ma
VHUKHEHHIO KOHYeHmpayii 3HauUHOI KiTbKOCMI nPpOMUCTIO8UX 00 €KMIg 8 0OHIl CINPYKMYPHIU 0OuHUYi — cyOOacelii.

Knruoei cnosa: piuxogo-daceiinosi ceocucmemu, 2eoingopmayitine MOOETO8AHHS, CIMPYKMYPA 3eMAEKOPUCTY8AHHS, AHIMPO-
noeeHHa mparcgopmayis.

U. II. Kosanvuyk, 0. H. Mukxumuun, A. H. Kosanvuyx. TEOHH®OPMAILIHOHHOE MO/JAE/THPOBAHHUE AHTPOIIO-
TEHHOH TPAHC®OPMAIIHH BACCEHHOBBIX 'EOCHCTEM (HA IIPUMEPE ITPABOBEPEKHBIX ITPHTOKOB
JIHECTPA). B cmamve akyeHmuposano eHUMaHue Ha Memooax KOIUYeCmeenHo20 OYeHUuBanus anmpono2eHHou HaspysKu Ha bac-
celinogo-peunvle 2eocucmemvl. B uacmnocmu, paccmompenvt MemoouKu, 0CHO8AHHbIE HA ONpedeleHUU COOMHOWEHUL PANUYHBIX
61008 3emnenonvzosanus (O.M. Munvrosa, E. Knemenmosou u B. I'etinuce, I1.11. Bopwescokoco, M.B. bospun, HM. Puoeii u /].J1.
Lloghonosa) u memoouxu, Komopwvie UCNONLIVION BeCO8ble KOIPuyuenmol, yKazvlearoujue Ha cmenets u 21youry npeodpazoeanus
npupoowl cybbaceiina kasxicovim euoom 3emaenonvzoeanus (1117 Huwenxa, A.M. Tpemsaxa). C nomowvio eeoungpopmayuonnozo mo-
denuposanus Ha npumepe baccelinogo-peunvix eeocucmem bepexcrnuyvt u bBvicmpuywt (TIpukapnamckux npagodepextcHvIX npUmoKos
Jlnecmpa) oyenena penpesenmamusHOCHb pe3yIbmamos, NOAYYEHHbIX N0 KANCOOU U3 MEMOOUK, OMMeUeHbl UX 0COOEHHOCIU U np e-
umywecmea. [lns uccieoyemvix 2eocucmem onpeoeienbl CmeneHb aHmpono2eHHOU mpanchopmayull, 2e09K0N0SUYECKOe COCMOsSIHUE
azponaHowaghmos, 2e0IKoN0SUNeCKas cmaduIbHOCMb U AHMPONOLEHHASL MPAHCHOPMUPOBAHHOCTb, BbISGLEHbI 00UjUE 3AKOHOMEDPHO-
cmu U omaudumenvHbie 0COOeHHOCMU bACCeliH080-peuHbIX 2eocucmeM. B xo0e pabomel pewancs 6onpoc bibopa OnmuMaibHbIX
CMPYKMYPHLIX eOUHUY, 8 pa3pe3e KOMOPbIX Cledyem OCYyWeCmenams aHaiu3 aHmpono2eHHoU Hazpy3Ku u u3bupams cnocoobl Hano.-
Henusi 0a3bl OAHHBIX 01 2e0UHPOPMAYUOHHO-Kapmozpaduyeckoeo moderuposanus. Ha npumepe baccelino6o-peuroil eeocucmemvl
Bepeoicuviyu 0okazana 6ajcHoCms OyeHKU COCMOSHUSL NPUPOOHO-XO3AUCTBEHHBIX 00bEKMO8 (8 OAHHOM CyHde PeuHblX OACCEelH08) 8
paspese CMpyKmypHuIX eOUHUY Hu3we2o nopsaoka (noobaceiinog). I1ockonvky 6 0aHHOM clyuae OCLOdiCHAemcs cOop uHgopmayuu o
CMpYKnype 3eMAenoIb308aHUs, KOMopas 00bIuHO hopmupyemcs 6 paspese a0MUHUCMPAMUBHBIX eOUHUY, C YeTbi0 HANOIHeHUs 0a3bl
OAHHBIX NPEONOAHCEHO UCNONB306ANb MAMEPUANbl OUCTAHYUOHHO20 30HOUposanus 3emau. llomyuennvie pesynvmamul ceudemenb-
CMEYIOm 0 MOM, YMO 3HAYUMENbHAA PONb 8 CMAOUNUZAUUY AHMPONO2EHHOU HA2PV3KU OME0OUMCS COXDAHEHUIO JIECHbIX MACCUBO8,
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KOMopble CBOUCMEEHHbL BEPXHUM YACMAM 0ACCEUH08, YMEHbUEHUIO CIENeHU PACNAXAHHOCMU HUJICHUX Yacmell 6acceiind, noddep-
JHCAHUIO 8 HAOTEHCAWEM COCIOAHUU METUOPAMUBHBIX KAHALO08, YMEHbUEHUIO 6IUAHUS NPOMBIUIEHHOCIU HA OKPYHCAIOUYIO CPedy U
U30eHCaAHUIO KOHYEHMPAayuL NPOMbILUIEHHBIX 00BEKMO08 8 00HOU CIPYKMYPHOU eOuHuye — cy60acelinosoll 2eocucmeme.

Knrouesvie cnoea: bacceiinoso-peunvie 2e0Cucmemyl, 2e0UHPOPMAYUOHHOE MOOETUPOBAHUE, CIPYKIMYPA 3eMIeN0Nb306aHUS,

AHMPONO2eHHAs, MPAHCHOPMAYUSL.

Formulation of the problem. It is believed
that there is no place on the globe that hasn’t been
affected by human activity. Even the most remote
areas are polluted by unusual substances due to the
global circulation of air and water. Economic devel-
opment extends not only horizontally, but also ac-
tively penetrates into the thickness of rocks. It
changes the state of not only biotic components of
geosystems, but also abiotic, affecting the develop-
ment of natural complexes, which are transformed
into anthropogenically modified, and then into an-
thropogenic complexes. Very often, these changes
lead to irreversible processes with negative conse-
quences both for ecosystems, and for people and
society. Under such conditions, the problem of as-
sessing the state and transformation of natural sys-
tems under the anthropogenic pressure becomes
more and more relevant and of interest to a wide
range of specialists. The growth of anthropogenic
pressure is, in particular, observed within the territo-
ry of our country and is characterized by the de-
struction of landscape systems due to rapid defor-
estation, unreasonable increase of arable land areas,
large-scale urbogenic and man-made influences.
Anthropogenic changes have occurred in all the nat-
ural components — relief, relief formation deposits,
flora and fauna, soil cover, surface waters and
groundwater, etc. Therefore, complex approach is
needed to assess these consequences. From such
point of view, river basins are perfect objects for
systematic geoenvironmental studies, as they are
represented by holistic integrated entities [10-12];
therefore, we consider it most appropriate to study
anthropogenic transformation of the environment
just in the context of these structural units of geo-
graphical space.

Analysis of recent research and publications.
Studies of territorial complexes anthropogenic trans-
formation are topical considering the increasing
technogenic influences on the environment and are
carried out by a number of landscape studies schools
in Ukraine. Depending on the main idea of anthro-
pogenic changes research, two conceptual scientific
approaches are distinguished. Proponents of the first
approach base their research on the concept devel-
oped by F.M. Milkov [16] that states that the chang-
es in any component of the landscape very quickly
propagate to all other components and to the land-
scape complex as an whole [4; 6; 7]. Followers of
L.S. Berg, N.A. Solntsev and A.G. Isachenko sup-
port the idea of inequality of the components of na-
ture by the force with which they influence each

other. This approach and the concept of anthropo-
genic transformation of geosystems were elaborated
by L.I. Voropay, V.P. Korzhik, M.M. Kunitsa, Y.P.
Skrypnyk, V.N Gutsulyak, Y.A. lvanov, I.P. Koval-
chuk, 1.S. Kruhlov, P.G. Shyshchenko [6; 13; 14; 21;
22; 26; 27]. Regional studies of anthropogenic
changes of the environment were conducted in
works of I.P. Kovalchuk, S.1. Kukurudza, A.V. Mel-
nyk, P.I. Stoiko, 1.B. Koynova, I.S. Kruhlov, M.M.
Prikhodko, M. M. Proskurnyak, L.Y. Sorokina [9;
10 -12; 14; 15; 20; 22; 26; 27]. The issues of an-
thropogenic pressure and of the estimation of river
basins transformation are highlighted by V.I. Vish-
nevsky, I.P. Kovalchuk, O.V. Kirilyuk, O.A. Liho,
Y.M. Andreichuk, A.V. Mykhnovych, O.V. Py-
lypovych, L.P. Kurhanevych [3; 7; 8; 10-12; 15-19;
23; 25] and others. In foreign geography, these ques-
tions are raised by F. Gossain [29], J. Batista and B.
Barros [28], J. Lautze, S. Phiri, V. Smakhtin et al.
[30], J. Lee et al. [31], L. Liu et al. [32]. Foreign
authors analyze the problem in the context of map-
ping support of the sustainable development of the
Zambezi river basin system [30; 34], mapping the
properties of soils of the studied basins [32], search
for the most accurate and economical methods for
determining water discharges [31], developing a
semi-automated delimitation algorithm for protected
areas along watercourses [28], modeling the geoen-
vironmental state of river basin system with the use
of remote sensing; the investigation by means of the
indicative properties of the hydrographic network in
the absence of hydrological observation points and
water flow data, [29]. J. Szpikowski [33], while in-
vestigating the Perznica basin, located in the north-
west of Poland, over the course of a number of years
of nature change has used such methods as the anal-
ysis of archival large-scale maps, digitization of
topographic maps, vectorization of spatial objects
and mapping the types of terrestrial surfaces and
their changes for the 200-year period.

At the same time, not all aspects of the problem
are studied with the same degree of detail. New op-
portunities are being opened using methods of re-
mote sensing to obtain high-quality information, as
well as technologies of geoinformation and carto-
graphic modeling of the respective processes. The
article highlights these aspects of the anthropogenic
transformation study of river-basin systems envi-
ronment.

Quantitative methods for evaluating the degree
of anthropogenic pressure that take into account the
structure of land use, natural and anthropogenic el-
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ements, are described in the works of I.P. Koval-
chuk, M.A. Petrovska, F.M. Milkov, P.G. Shy-
shchenko, A.M. Tretyak, P.P. Barshchevsky, N.M.
Ridey and D.L. Shofolov, M.V. Boyarin, Y.
Clementova and V. Heinige et al. [1-2; 5; 8-13; 15-
19; 21; 23; 25].

There are two main approaches to determining
the anthropogenic pressure by quantitative methods,
which follow from two different conceptual direc-
tions of the study. The first approach is based on
calculations of the ratio of areas under different
types of land use; the basis of the second approach
is the use of weighting factors that indicate the de-
gree of conversion of the environment by various
types of economic activity.

Among the methods based on the use of the
first approach the most commonly applied method is
that by F.M Milkov [16], which determines the ratio
of areas of natural and anthropogenically modified
territorial complexes. Landscape systems fall into
the categories by the ratio of anthropogenic and nat-
ural unaltered lands: antropogenic (natural land cov-
er occupies less than 25% of total area), natural-
anthropogenic (25-50%), anthropogenic-natural (50-
75%) and natural landscape systems (75%). Similar
in essence is the definition of the transformation
coefficient of the territory in the method proposed
by M.V. Boyarin [2]. This coefficient reflects the
proportion of anthropogenically altered areas in the
land use structure of the studied basins.

The relative proportion of arable lands to the
group of sustainably used lands like perennial
plants, hayfields, pastures, land for shelter belts,
defines the geoenvironmental condition of agricul-
tural landscapes (Table 1) (proposed by N.M. Ridey
and D. L. Shofolov [21]) and the level of ecological
balance of the territory, proposed by M.V. Boyarin
[2]. These two models are very similar. Their only
difference is in the approach to classification, since
the definition of the territory balance considers the
multiplicity of cultivated lands ratio, while the ge-
oenvironmental state determination of agricultural
landscapes is based on the percentage of arable land
and land of sustainable use. The disadvantage of
these two techniques is the fact that they take into
account only some types of land use, among those

present in the study area. This leads to an exclusion
of the study areas where no land use types included
in this calculation are present. It also complicates
automatic calculation when the area in the denomi-
nator equals zero.

Due to the fact that these models take into ac-
count only the ratio of arable land and lands of sus-
tainable use, we consider it appropriate to consider
all the types of land use represented in the study ar-
ea in the analysis of anthropogenic pressure indica-
tors.

This approach is used in the methodology for
determining the coefficient of environmental stabil-
ity of the territory, proposed by E. Clementova and
V. Heinigge [9] This coefficient is defined as the
ratio of areas of environmentally stable lands to are-
as of environmentally unstable lands. A higher coef-
ficient means a higher rate of stability of the territo-
ry. By the coefficient value of ecological stability
five states can be distinguished in the studied areas.
If the coefficient of ecological stability of the terri-
tory <0,5 - the territory is unstable with apparent
instability, 0,5-1,0 - unstable, 1,0-3,0 - conditionally
stable; 3,0-4,5 - stable; > 4.5 - stable with pro-
nounced stability.

Whilst being similar to the methodology by E.
Klementova and V. Heinige, the methodology for
calculating the environmental stability of the territo-
ry (1), proposed by P. P. Borschevsky [1] is based on
a different approach and takes into account the
weight coefficients of different types of land use:

Ef Sici

Tisi @
where Ces — coefficient of environmental stability of
the territory, C;i — coefficient of environmental prop-
erties of the land type of i kind (Table 2), S; — area
of land type of i kind, ha; n — number of indicators.
The values of the coefficient Ces are given in
Table 2.

If the obtained value of Cg is less than 0.33,
then land use is deemed environmentally unstable; if
Ces varies from 0.34 to 0.50, land use is considered
to be continiously unstable; if it is in the range of
0.51 to 0.66 then it falls into the category of medium
stability, and if Ces exceeds 0.67, then the land use is
environmentally sustainable.

Ces =

Table 1

Scale for assessing the environmental state of agrolandscapes by the ratio of land use types
(N. M. Ridey, D. L. Shofolov) [21]

The share of land % State
to the sum of the area of arable lands and the lands of sustainable use
Arable lands Lands of sustainable use
<20 >80 Optimal
20:35 65:80 Good
35:55 45:65 Adequate
55:70 30:45 Inadequate
>70 <30 Critical
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Table 2
The environmental properties coefficients value for the different types of lands [1]

Land type C
Built up area and roads 0
Arable land 0,14
Vineyards 0,29
Shelter belts 0,38
Perennial plantations, shrubs 0,43
Household plots 0,5
Hayfields 0,62
Pastures 0,68
Ponds and marshes of natural origin 0,79
Forests of natural origin 1

The methods by A.M Tretyak [24] and P.G.
Shyshchenko [26] are widely used to determine the
degree of anthropogenic transformation using
weight coefficients.

These techniques are distinguished by the fact
that in the first, which is calculated by the formula
(2), different weight coefficients for different types
of land use are used: 5

nSp

Ixs ! (2)
where Cap — coefficient of anthropogenic load; S:-
Sh — area of land with a certain level of anthropo-
genic loading; p:-pn — evaluation ranks of the corre-
sponding area (the 5-point scale is shown in Table
3); n — number of indicators.

On the other hand, in the method by P.G. Shy-
shchenko [26] simultaneously with the rank of
transformation another correctional coefficient is

Cap =

being taken into the equation — the depth of trans-
formation of the investigated area.

Cat=0,01Y ripiq;, 3
where Cat — coefficient of anthropogenic transfor-
mation; ri — the rank of anthropogenic transfor-
mation of the territory by the i-type of land use; qi—
index of the transformation depth of territory
(tab. 4.); pi — area of rank,%; n — number of land use
types within the studied territory.

The classification results also differ from one
method to the other.

According to the coefficients of anthropogenic
load, obtained by A.M.Tretyak’s method, the follow-
ing categories of territories by the degree of trans-
formation are distinguished: the least developed
(Cat up to 2,5); weakly transformed (Cat 2.6 - 3.0);
transformed (Cat 3.1-3.5); moderately transformed
(Cat 3.6 - 4.0); strongly transformed (Cat 4.1-4.5);

Table 3
Ranking assessment of the degree of anthropogenic pressure on land resources [24]
Lands Rank
Lands used by of industry, transport, built-up lands 5
Avrable lands, perennial plantations 4
Natural forage lands, grass-covered gulches 3
Shelter belts, shrubs, forests, swamps, submerged lands 2
Micro-reserves 1
Table 4

Weight ratios of the rank and depth indices of landscapes anthropogenic transformation [26]

Types of land use Qi ri
Protected areas 1 1
Forests 2 1,05
Swamps and wetlands 3 1,1
Meadows 4 1,15
Gardens and vineyards 5 1,2
Arable land 6 1,25
Rural built-up areas 7 1,3
Urban built-up areas 8 1,35
Water reservoirs, channels 9 1,4
Lands of industry 10 1,45

-127 -



Cepisi «[eonoezisi. [eozpadgbisi. Ekonogzisi», eunyck 51

very strongly transformed (Cat 4,6 and more).

The P.G. Shyshchenko’s method divides territo-
ries by their Cat: at Cat 2,00-3,80 the territory is
being referred as weakly converted; at Cat 3,81-5,30
- as converted; at Cat 5,31-6,50 - as moderatelycon-
verted; at Cat 6,51-7,40 - as highly converted; at Cat
7.41-8.00 - as excessively converted.

All these data indicate that these two methods
are different and, accordingly, geoinformation mod-
els created by them will look different. The analysis
of these two methods indicated [24; 26] that P.G.
Schyshchenko's method reflects the situation more
accurately, since it takes into account antropogenic
pressure, the state of agro-landscapes, the balance
and stability of land use.

In 1980s, P.G. Shyshchenko created a map of
landscape anthropogenic transformation on the na-
tional level [27]. Subsequently, his methodology
gained popularity and was used at the regional level,
in particular for the territorial analysis of anthropo-
genic transformation of the natural environment in
certain regions (Kherson, Lviv, lvano-Frankivsk,
\Volyn, etc.), owing to the use of official statistical
indicators that are collected by administrative-
territorial principle.

Identification of previously unresolved parts
of the general problem. In assessing the anthropo-
genic pressure on natural objects, a particular meth-
od is usually chosen, based on existing statistical
information in the context of administrative units.
Since the administrative division is not representa-
tive for the study of river-basin geosystems, it is
important to choose an optimal method among the
existing ones, to isolate the structural natural sub-
systems of the lower ranks, and to form within them
data on anthropogenic changes in the environment.
This approach is optimal and is implemented in our
study.

Formulating the purpose of the article. The
purpose of this work is to analyze the anthropogenic
transformation of Subcarpathian river-basin geosys-
tems by means of geoinformation modeling using
various methods of quantitative estimation of an-
thropogenic pressure, to compare the modeling re-
sults on the basis of administrative-territorial and
natural units, to select the optimal structural units
for the study of anthropogenic changes in basin ge-
osystems.

Exposition of the main research material.
Using F.M. Milkov’s method, based on the determi-
nation of the ratio of natural areas to anthropogeni-
cally-altered natural-territorial complexes, we have
analyzed the anthropogenic transformation of the
natural environment both for administrative divi-
sions (Stryi district of Lviv region) and natural ge-
osystems — the river basins (the basins of the Be-
rezhnytsia river (Lviv region) and Bystrytsia (Ivano-

Frankivsk region)). Both rivers are the right tributar-
ies of the Dniester, but with different areas of their
respective basins.

By comparing the results of the implemented
researches, it is possible to clearly state the expedi-
ence of using the basin approach to the study of nat-
ural complexes anthropogenic transformation.

Figure 1 shows the model of anthropogenic
transformation of the natural environment, created
for the same territory, but using different approach-
es. In this model, part of the Berezhnytsia river ba-
sin is located within the administrative-territorial
units of the Stryi district, which are a part of the
studied basin. In the first case, the calculation of
anthropogenic transformation is based on the data
which are provided by the administrative-territorial
principle and are contained in the form “6-zem”,
which contains the statistical information on the
availability of lands and their distribution by land
users. The analysis of anthropogenic transformation
in the other approach was carried out within the lim-
its of natural, not administrative, units, which were
sub-basins of the thalweg network. The choice of
such units is due to the specific feature of Berezhny-
tsia river basin structure: one third of the studied
basin surface is fully meliorated and is lacking any
natural watercourses. Therefore, anthropogenic
pressure analysis should be carried out on the basis
of pre-allocated (on a topographic map of a large
scale) water catchments of the natural watercourses
network, and in the reclaimed portion of the basin —
on the basis of delineated basins of reclamation
channels. This will, to a greater extent, ensure the
homogeneity of the studied units and the possibility
of comparative analysis of their conditions from the
standpoint of nature components anthropogenic
transformation.

However, analyzing anthropogenic transfor-
mation using natural units, one has to face the prob-
lems caused by the lack of statistical information
that reflects the economic activity within their
boundaries. It is possible to solve this problem using
remote sensing data, which allows to estimate the
land use structure of the study area. A model of Be-
rezhnytsia basin system anthropogenic transfor-
mation in terms of sub-basins created by us, was
thus based on remote sensing data.

The overlay analysis used to compare these two
approaches suggests a significant difference be-
tween the results obtained, since the use of the ad-
ministrative-territorial units even of the lowest level
did not allow to correctly assess the anthropogenic
transformation of natural objects, boundaries of
which for the most part do not coincide with the
boundaries of the administrative divisions. In par-
ticular, the indicator of anthropogenic transfor-
mation of the natural environment of the rural coun-
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cils indicates that there are no natural surfaces in
them, while in fact, they amount to 15% in the in-
vestigated part of the basin (according to the model
of anthropogenic transformation of sub-basins).

A similar situation has occurred on the model
of the basin system anthropogenic transition created
by us using the method by P.G. Shyshchenko (Fig.
2). The use of administrative-territorial units as an
estimated geospatial objects shows the excessive
transition of the natural environment in the basin
exclusively within town Morshyn. The model of
anthropogenic transformation in the context of sub-
basins allows us to visualize the over-transformed
parts of the basin, which are present on the right
bank throughout the length of the river, and cover
vast areas downstream of the town of Dashawa.
Sub-basins with excessively transformed natural
environment are present within the weakly trans-
formed natural landscapes of rural councils.

This approach should be utilized for the river
basins, where it is difficult to allocate equal struc-
tural units. In the case of studying a river basin with
large area and dense river network, this approach
will yield a mosaic picture, which complicates the
identification of the basic regularities in the analy-
sis. Therefore, in order to determine the anthropo-
genic transformation of the basin geosystem of the
Bystrytsia River, we have identified sub-basins with
homogeneous geomorphological and hydrological
features that allow us to trace the differences be-
tween the main parts of the basin.

A series of GIS models was created to interpret
the anthropogenic transformation of the basin ge-
osystems of Berezhnytsia and Bystrytsia rivers
(Figure 3); they show that the largest changes have
occurred in the basins of a higher ranks. Regarding
the spatial location, the upper part of the basins is
dominated by natural and natural-anthropogenic
sub-basins with man-made changes that consist of
the deforestation and the presence of small settle-
ments; and anthropogenic impact is rising down-
stream. In particular, on the left bank of the middle
reaches the share of anthropogenic sub-basins in-
creases from Berezhnytsia village in Stryj district to
the settlement Dashawa (by increasing the area of
agricultural land and due to the location of the set-
tlements exclusively on the left bank). The most
transformed is the lower, actively reclaimed part of
the basin, where anthropogenic sub-basins predomi-
nate. This situation has arisen due to the significant
plowing of the land, which was facilitated by the
drainage reclamation and the flat terrain of the
basin.

As for the basin of Bystrytsia, there are three
groups of sub-basins: natural-anthropogenic (the
highest part of the basin), anthropogenic-natural
(mountainous part) and anthropogenic (low-altitude

and plain parts of Bystrytsia river basin system -
RBS).

Models of the geoenvironmental state of agri-
cultural landscapes (Figure 4) indicate the domina-
tion of territories with a satisfactory, good and opti-
mal condition of agrolandscapes in the upper and
forested parts of the basins (due to low percentage
of arable land in mountain parts, domination of for-
ests, meadows, pastures and swampy areas), and an
increase in the share of territories with unsatisfacto-
ry and critical condition on plain areas. Here, among
the important factors influencing the environmental
state of agricultural landscapes are: the fairly high
level of agricultural land cultivation, low fertility of
background soils, high acidity, active manifestation
of degradation processes, contamination by mineral
fertilizers and remedies for protecting agricultural
crops from pests, diseases and weeds, etc. The worst
conditions of agro-landscapes are observed in the
reclaimed valleys of the main rivers and their tribu-
taries.

The model of geoenvironmental stability, based
on the ratio of stable and unstable lands (Figure 5),
shows contradictory results for the two basins, due
to the fact that considerable area in the basin of the
Berezhnytsia river appears to be an unstable territo-
ry with pronounced instability. This is explained by
the fact that in subbasins located in forest lands,
there are widespread forest cutting, as well as forest
clearings and roads building. Instead, such a model
for the Bystrytsia basin, in comparison with the
model created by P.P. Borshchevsky (Figure 6), in-
dicates the presence of stable territories in the most
upper and forested part of the basin, since they are
less developed than the forested territories in the
basin of Berezhnytsia.

Continuously unstable conditions are wide-
spread among subbasins located near the settlements
that border geoenvironmentally unstable areas.

Determination of the degree of the natural envi-
ronment anthropogenic transformation in sub-basins
was carried out using two methods — one of A.M.
Tretyak [24] (Fig. 7) and the other of P.G. Shy-
shchenko [26] (Fig. 8). In the method by
A.M. Tretyak weight coefficients for different types
of land use are used, and P.G. Shyshchenko's meth-
od takes into account the depth index and the rate of
conversion for each type of land use. Accordingly,
the results are different.

An analysis of the map compiled in accordance
with A.M. Tretyak's technique, shows that the an-
thropogenic transformation of the Bystrytsia river
basin grows downstream and changes from the
weak to the average type.

The Berezhnytsia river basin includes the least
transformed territories and highly transformed ones,
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the latter are represented by the most cultivated sub-
basins (in the middle part of the basin system).

The created models show that the method of
P.G. Shyshchenko allows to more accurately reflect
the situation with anthropogenic transformations of
the natural environment in the basin, since, apart
from the consideration of anthropogenic pressure,
the state of agrolandscapes, and the balance and sta-
bility of land use (reflected on other models we have
created), it also provides their ranking on the depth
of the transformation of their environment. There-
fore, in our opinion, this model is more accurate.

In the basin system of the Berezhnytsia River,
sub-basins of higher ranks, located in the lower part
of the basin are strongly over-transformed. This sit-
uation has arisen due to their much greater popula-
tion and the proportion of arable land. In particular,
the fourth part of the studied basin is occupied by
over-transformed sub-basins, which concentrate
along the middle course of the Berezhnytsia River
(mostly on the left bank).

In the lower part of the basin, they are repre-
sented by the most cultivated sub basins of the rec-
lamation network. Weakly transformed subbasins
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(aproximately 20% of total subbasin number) were
formed on forest lands that were cut down and in the
wetlands of the lower part of the basin, where the
share of arable lands (in particular, in the mouth ar-
ea) decreased and in the low populated areas of the
left bank. The smallest anthropogenic changes af-
fected subbasins which occupy 8% of the territory,
that are mostly located within forest lands.

Another distribution of anthropogenic trans-
formation indicators is observed in the basin of the
Bystrytsia river. In contrast to the Berezhnytsia river
basin, in the Bystrytsia basin industrial lands are
present where the environment is affected the most.
The presence of a significant number of built-up
land, land under transport and communication facili-
ties, technical infrastructure, in conjunction with the
lands of factories, quarries and areas for oil extrac-
tion, resulted in the location of the most transformed
sub-basins in the watersheds (in the northern part of
the basin) and above the town of Nadvirna and
Bykiv settlement. It is worth notion that a signifi-
cantly higher level of transformation is observed in
the basin of Bystrytsia Nadvirnianska river and after
its merging with Bystrytsia Solotvynska.
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Conclusions. 1. The features of quantitative
analysis methods of assessing the transformation
processes in basin systems, based on different con-
ceptual approaches are revealed. Particular attention
is paid to the verification of the most frequently
used methods by A.M. Tretyak and P.G. Shyshchen-
ko, their disadvantages and advantages being deter-
mined depending on the purpose of the study.

2. In the case study of the rivers and basins of
Bystrica and Berezhnytsia (right tributaries of the
Dniester river within the Lviv and Ivano-Frankivsk
regions), the choice of subbasins of the thalweg
network and lower rank subbasins as natural struc-
tural units, where it is expedient to determine the
level of anthropogenization of the natural environ-
ment, is substantiated. The utility of using remote
sensing data as the basis for analyzing the state and
scale of anthropogenic transformation of natural
geosystems in river basins of various ranks is em-
phasized.

3. A series of digital cartographic models that
display the anthropogenic pressure on the river-
basin systems of Berezhnytsia and Bystrytsia have
been created and analyzed. A number of common
traits have been identified due to the physical geog-
raphy features of river basins, in particular, the in-
crease in the level of anthropogenization of the natu-
ral environment from the headwaters to the river
mouth. The minimal amounts of such influence are
observed in the mountainous parts and they increase
in settlements and in the zones of reclamation chan-
nels functioning. The features of the subbasin ge-
osystems state due to different types and intensity of
economic influence on them in plain and mountain-
ous parts of the studied basins are determined. A set
of measures aimed at improving the geoenviron-
mental state of the sub-basins of the studied river
basin systems of Bystrytsia and Berezhnytsia and
ensuring the rational use of their natural resources
are proposed.
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GEOINFORMATION MODELING OF ANTROPOGENIC TRANSFORMATION
OF THE BASIN GEOSYSTEMS (CASE STUDY OF DNISTER RIGHT TRIBUTARIES)

The purpose of the article is to analyze anthropogenic transformation of river-basin geosystems of the
outer Subcarpathian region by geoinformational modeling tools using various methods of quantitative esti-
mation of anthropogenic pressure; comparison of modeling results on the basis of administrative-territorial
and natural units, selection of optimal structural units for the study of anthropogenic changes in basin ge-
osystems.

Research methods. The features of estimation methods of anthropogenic transformation level of territo-
rial complexes, based on various conceptual approaches to the study of anthropogenic changes in the com-
ponents of the environment were investigated. In particular, the article compares methods of F.M. Milkov,
P.G. Shyshchenko, E. Klementova and V. Geinige, P.P. Borschevsky, M.V. Boyarin, I.P. Kovalchuk, N.M.
Ridey and D.L. Shofolov, A.M. Tretyak and others and by the means of geoinformation modeling of river-
basin geosystems (namely, the case study of the outer Subcarpathian Dniester tributaries) shows the degree
of representativeness of the results produced by each of them. It is noted that the technique by P.G. Shy-
shchenko allows to more accurately reflect the state of anthropogenic transformation of the river-basin sys-
tem’s natural conditions

Results. A range of digital cartographic models was developed to evaluate and compare anthropogenic
transformation level of the two Carpathian basin systems and to identify similar and distinctive features of
the state and the transformation level of the basin systems’ natural environment andstability of agricultural
and forest landscapes in the studied basin geosystems. In particular, the study has revealed that the anthropo-
genic transformation of the outer Carpathian river basins is rising downstream. In the upper parts of the ba-
sins, it manifests itself in deforestation, while in the lower parts agricultural influence dominates. In addition,
the index of anthropogenic transformation is rising with an increase in the order of sub-basins. The worst
conditions of agro-landscapes are observed in the reclaimed valleys of the main rivers and their tributaries
(due to the considerable level of plowing in the plain parts of the basins due to low fertility of soils, high lev-
els of their acidity, degradation processes and chemical pollution). Stable territories are inherent exclusively
in sub-basins which remain in their natural state or bear only traces of human activity. Settlements, which
influence adjacent areas, are characterized by unsustainable land use. As for anthropogenic transformation, in
the basin geosystem of the Berezhnytsia river its indicators increase upwards due to an increase in the share
of arable land. On the contrary, in the basin of Bystrica much more land is occupied by industrial facilities,
which affect the components of the geosystem the hardest. In this regard, the largest values of nature anthro-
pogenic transformation indicators are found in the northern part of the basin and upstream of the city of
Nadvirna and the town of Bykiv.

Scientific significance. Case study of the administrative regions and the river basin located within them
reveals the advantages of studying the geoenvironmental state of the territories according to their natural ge-
ographic taxonomic units, which allows to determine the most strained areas in geosystems. Particular atten-
tion is paid to the choice of optimum sized geospatial objects during the study of diverse basin systems. Riv-
er sub-basins of the third order (according to the classification scheme of A. Strahler) were chosen to this
purpose. Their size corresponds to that of the combined territorial communities’ area. The importance of
formation a database that reflects on the state of the geospatial entities under study is emphasized. For this
purpose, it is appropriate to convey the structure of land use, represented by indices of different land cover
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and land use types (protected areas, forest covered areas, swamps and wetlands, meadows, gardens and vine-
yards), arable land, land under rural and urban development, natural objects modified by human activities
(reservoirs , ponds, channels), land utilized by industry and transport in each investigated object. The article
shows that the best solution to this problem is provided by the processing of high-resolution spatial (in pan-
chromatic and multispectral) remote sensing data. The most appropriate in this case are QuickBird satellite
imagery, designed to create and update topographic maps and plans, to make inventories of forests and agri-
cultural lands and to assess their condition, therefore allowing mapping of land use types that are not identi-
fied in statistical inventories.

Practical significance. The results of this work will be helpful in selecting the specific technique allow-
ing the most complete representation of anthropogenic transformation of natural objects; in choosing the
most optimal spatial units to carry out the analysis and, accordingly, to fill in the database. The developed
models reveal the most anthropogenically loaded parts of river-basin geosystems of the outer Subcarpathian
region, which is essential for the extrapolation of the obtained results to other right tributaries of the Dniester
River.

Keywords: river-basin geosystems, geoinformation modeling, land use structure, antipogenic transfor-
mation.
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