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SHAPE OF CUMULATIVE LAND USE SYSTEMS' AREA DISTRIBUTION
AS APARAMETER OF ANTHROPOGENIC IMPACT ON LANDSCAPES

B. M. Camoiinenko, B. 1. Ocaouuii, JI. I1. Biwnikina, 1. O. [ioposa. ®OPMA KYMY/IATHBHOI' O PO3IIOALTY ILIOLL
CUCTEM 3EMJ/IEKOPHCTYBAHHA AK IAPAMETP AHTPOIIOI'EHHOI O BIUVIUBY HA JIAH/IIIA®TH. Yoockonanenns
IHCmMpyMeHmapiro 3Micmoo2o, iHghopmayiliHo2o ma po3pPaxyHK08020 OYIHIOBAHHA BNIUBY THOOCHKOI OIANIbHOCMI HA 00BKILIA € HAPA3T
8eIbMU AKMYAILHOI NPOOIEMOI0, 38ANHCAIOYU HA HeOOXIOHICIb 30epedceHHs | 6I0H0GNeH . OIOMUYUH020 MA JIAHOWAGMHO20 PI3HO-
Mmauimms. 3 02nsdy Ha maxe 6 cmammi OOTPYHIMOBAHO MA CKOHCMPYUOBAHO KNACUDIKAYITIHY cXeMy KyMYIAMUEHO20 PO3NOOLLY oW
cucmem 3eMAeKOPUCHTY8AHHs Ma/abo 1020 HACHIOKIE y aanouiapmax i/abo @izuxo-eeocpagiuHux makcoHax K AHALIMUYHUL iH-
CMpPYMeHmapiti MoOOeno8an s AHMPONO2EeHH020 8naugy Ha Hux. Cxema 6azyemvcs Ha i0ei a0eKeamHoCmi Munie 3a3Ha4eHo2o po3no-
0iny 3a 11020 opmoro nesuiil kamezopii ma iHMeHCUBHOCMI AHMPONO2EHHO20 NIUBY HA TaHOwlagmu yu makconu. Baacne poznooin
naow cucmem 3emMIeKOpUCMY8aHHs MUNI308aHO 3a 0iana3oHAMU NAPAMempa NOTIHOMIATLHUX MPEHOI8 KyMYIAM 3a3HAYEHUX NI0W )
aaunowagmax abo ixwix azpezayisx. 3a makux ymog cxema KyMYJIAMugHo20 po3nooiny niouy onepye 0ecimovma munamu po3snooiry —
8I0 HAO38UYALIHO ONYKI020 00 HAO38UYALIHO YeHYmMo2o. Li munu il 8i003epKantoioms pisHull AHMPONo2eHHUL 6NIUE HA TMAKCOHU —6i0
CnabKo20 00 HAO36UYALIHO CUbHOR0. Bepudikayiio cxemu Kymynamuenoz2o po3nooiny niowj 3eMieKopuUcCmysaIbHux cucmem 30iicHe-
HO 07151 mecmogo2o mezapeiony — 30 ¢izuxo-zeocpaghiunux obnacmeii i 130 gizuro-eceocpaghiunux paiionis n'smu Kpaié 30H MilaHux
(XBOUHO-UUUPOKONUCTAHUX,) [ WUPOKOIUCTIAHUX 1iCi8 | 1icocmeny Yxpainu. Byno 3modenvosano ti npoananizoéano sionosioui yugpo-
61 Kapmozpamu AaHMpOnO2EeHHO20 6NAUBY HA 3aA3HaAYeH] MAKCoHU. Bepugikayia 3aceiouuna éanionicmes 3anponoHo6anux HOGUX Memo-
OuuHUX Ni0X00i6 i ixHi nepesazu HAO MOOETOBAHHAM AHMPONOLEHHO20 GNIUBY HA JAHOWADMU 34 OONOMO20I CePEOHbOBUBANCEHUX |
IHWUX PO3PAXYHKOBUX IHOEKCI8 anmponizayii ma cxem. Po3pobnenuti MoOenbHull IHcmpyMeHmapii ma pe3yiomamu 1o02o eepugixayii
3aCcmMoco8Hi 01 YOOCKOHATIEHHA MeMOOUK, cXeM i NpoeKmia npupoO0OXOPOHHO20 MEHEOHCMEHMY PIBHUHHUX CYXOOLIbHUX TaHOwagh-
mie i iXHix acpezayiil y NOMIPHUX WUPOMAX.

Knrwuosi cnosa: anmponocennuii niug, aanowiapmu, @isuxo-eeoepa@iyHi maxkcoHu, CUCmemu 3eMAeKOPUCTY8aAHHA Ma/abo
1020 HACTIOKIB, MOOENIOBANHS.

B. H. Camoiinenko, B. H. Ocaduuit, JI. Il. Bumunuxuna, H. A. /luoposa. ®OPMA KYMYJIATHBHOI O PACIIPE/[EJIE-
HHUA IVTIOLJAJIEH CHCTEM 3EMJIEITO/TIb30BAHHA KAK TAPAMETP AHTPOITOTEHHOTO BJIUAHHA HA JIAH]I-
HIA®DTBI. Ycosepuwencmeosatue UHCMPYMEHMAPUL COOCPICAMENbHO20, UHPOPMAYUOHHO20 U PACYEMHO20 OYCHUBAHUSL GIUSHUSL
uenoeeueckoll 0essmeIbHOCIU HA OKPYICAIOuYI0 cpedy AGIAEMCs celivac 6ecbMd aKmyanbHOU npodnemoll, yuumeledas HeooXoou-
MOCHb COXpAHEHUs U B0CCMANOBNEHUs OUOMUYecKo20 U n1anouagmmuozo pasnoobpasus. C yuemom 3mo2o 8 cmamve 060CHO8AHA U
CKOHCIMPYUPOBAHA KIACCUPUKAYUOHHAS CXeMA KYMYIAMUBHO20 pacnpedeieHuss niowaoell cucmem 3emMIenonb308aHUs /U e2o
nocaeocmsuil 6 1aHOWaGmax u/unu PuauUKo-eeocpaduyeckux MakcoHax Kax aHaIUmMuyeckull UHCMpyMenm MoO0e1upo8anus, AHmpo-
nozenno2o eusanus Ha nux. Cxema 6asupyemcs Ha uoee adek6amMHOCMU MUNOE YKA3AHHO20 pacnpedenenus no e2o gopme onpede-
JIEHHOU Kame2opuu U UHMEHCUBHOCIU AHMPONO2EHHO20 GIUAHUA HA AaHOwadmel unu maxconsvl. Cobcmeenno pacnpedenenue nio-
wiaoei cucmem 3eM1enO0Ab30GAHUS MUNUSUPOBAHO 3A OUANA30HAMU RAPAMEMPA NONUHOMUATLHLIX MPEHO08 KYMYAAM YKA3AHHbIX
naowaoei 6 1anowiadmax un ux azpezayusax. IIpu maxux ycnosusx cxema KymyiamueHo20 pacnpedenenus naiowaoel onepupyem
0ecsmpl0 MUnAMU PAcnpeOeienuss — Om 4Pe3BbINaliHO BbINYKI020 00 4Pe3bINAUHO 802HYNO020. Dmu Mmunsl U OMpadicaiom pasHoe
aumponocennoe lusHUe Ha MAKCOHbL — OM c1A6020 00 Ype38blHaliHO CUIbHO20. Bepughuxayus cxemuvr Kymynamuenoeo pacnpederne-
HUsL naowaoeti cucmem 3eMaenoab308aHUs ocyujecmenena 0 mecmogozo mezapeauona — 30 gusuxo-zeozpagpuueckux obracmeii u
130 @usuxo-zeocpaghuueckux parionos namu Kpaes 30Hbl MEUWAHBIX (XBOUHO-UUPOKOTUCIIBEHHBIX) U WUPOKOIUCMEEHHBIX 1eC08 U
necocmenu Ykpaunvl. Bvlau cmooenuposanvl u npoananusuposansl coomsememsyioujue yu@dposvie Kapmozpammol aHMpONno2eHHO20
6NUAHUA HA YKA3AHHblE MAKCOHbL. Bepugukayus 3aceudemenscmeosana anuoOHOCHb NPEOLONCEHHBIX HOBbIX MEMOOUUECKUX NOOXO-
008 U UX npeuMyujecmea Had MOOeIUpoBAHUEeM AHMPONOLEHHO20 6IUAHUA HA TAHOWADMbL NPU NOMOWU CPEOHEB3BEUEHHBIX U OpPY-
2UX PACYEMHbIX UHOEKCO8 anmponuzayuu u cxem. Paspabomannuiii MOOenbHbI UHCIMPYMEHMAPULL U Pe3yIbmambl e2o epu@urayuul
NpUMEHUMbL 0I5l YCOBEPULEHCIMBOBANUS MEMOOUK, CXeM U NPOEKMO8 NPUPOOOOXPAHHO20 MEHEONCMEHMA PAGHUHHBIX CYXOOONbHbIX
nanowadmos u ux azpe2auuli 8 VMeDeHHbIX WUPOmax.
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Knroueevie cnosa: AHMPONOCeHHoe 6lUsnue, Jzam)ma(j)mbz, d)usuko-eeozpaqbu%cxue MAKCOHbl, cucmemvl 3emi1enoib3068aHU

u/unu e2o nocieoCcmeutl, MoOeIuposaHue.

Statement of the problem. Current challenges
address global and regional threats to biotic and
landscape diversity and the urgent need for its con-
servation, restoration and reproduction. They make
it necessary to improve the tools for conceptual, in-
formation and calculating assessment of human ac-
tivities impact on the environment. This concerns,
first of all, the analysis of anthropogenic impact on
landscapes and/or their aggregations in the form of
regional landscape structures, such as the actual
physic-geographic taxons. The analysis should be
aimed at managing anthropogenic impact, reducing
mentioned threats and ensuring geoecological-
economic balanced environmental development.
That is why the study of the landscape anthropi-
zation, i.e. the process of landscape transformation
through human activity, and the identification of the
effects of this anthropization on the environment
remains the most pressing problem of geography
and geoecology.

Analysis of recent research and publications.
A classified retrospective analytical review of se-
lected European and national concepts of landscape
anthropization extent identification was carried out
in our recent works [1, 2]. In terms of content and
thematic spatial data, available for implementation,
the most relevant and open to further improving
modification and integration were concepts such as:

1) the European concept of hemeroby, most ful-
ly disclosed in such modern developments as:

— the resumptive publication of Walz U. and
Stein C. [3], implemented in the German land cover
web-service IOER Monitor [4] and the compilation
by Winter S. in [5];

— the resumptive work of Paracchini M.L. and
Capitani C. [6], implemented in the system of Euro-
stat Statistics [7] as all-European approach;

— the regional study of Hungary by Csorba P.
and Szabo S. [8] and Poland by Kiedrzynski M. et
al. [9];

— case studies by Frank S. [10], Wrbka T. et al.
[11], Ridisser J. et al. [12], Mercuri AM. &
Florenzano A. [13] and the generalization by Ellis
E.C. et al. [14] and in the guidelines [15];

2) the national concept of geological-nature-
management analysis, the variant approaches of
which have been considered in a number of recent
publications, in particular:

— the publication of Shyshchenko P.G. and
Gavrylenko O.P. [16, 17], concerning constructive-
geographic approach and the study by Grodzynskyi
M.D. in the scope of landscape ecology [18];

— the monograph of Samoilenko V. and Ivanok
D. [19], developing hydro-environmental approach;

— developments on a somewhat outdated agro-
ecological approach, considered and used, for ex-
ample, in the work of Kovalchuk I. et al. [20].

With such prerequisites, in our works [2, 21-
23], taking into account the developments [3, 4, 6,
71, the conceptual foundations were based and the
procedure was developed for landscape anthropi-
zation extent analysis, interoperable for all-
European and Ukrainian approaches to such analy-
sis. The principal tool of the procedure is the general
interoperable classified scheme of the landscape
and/or physic-geographic taxons' anthropization
extent, depending on the extent of anthropogenic
impact on them, caused by land use and/or land
cover (LULC) systems (the last as systems of land
use effects) (Table 1). Such a measure of impact is
categorically specified through the appropriate hem-
eroby degrees, geoecological positivity / negativity,
and naturalness degrees of these systems. The com-
position of principal LULC systems by categories
and subcategories is also given in Table 1 according
to [2] and taking into account [3, 24].

Commonly accepted parameters for the practi-
cal implementation of Table 1 scheme, as well as
any modifications of the scheme, are, first of all, the
anthropization index (I4y7 **) of landscapes and/or
taxons and the index of geoecological situation (I;s)
in land use in them.

Anthropization index I,y ** is generally cal-
culated in percents as average-weighted by the defi-
nite areas according to the model

IgnT **= Z?=1 Iant,ci * Si s (D

where Iyyrc; — the calculating partial an-
thropization index. It is specific for the definite cal-
culating (i) LULC system of a landscape and/or
model physic-geographic taxon (see systems in the
last column of Table 1). The index Iyyrc; is setin
percents according to operating scale of anthropi-
zation extent. Such scale has to be developed for
LULC systems of a specified test or model
megaregion etc., for example the scale proposed in
[2]; s; — the total part of the calculating LULC sys-
tem's area with I,y ¢ ; . This parameter is applied in
fractions of a unity, provided that the total area of a
landscape or taxon is equal to 1; n — the number of
calculating LULC systems in the selected operating
scale within boundaries of a landscape and/or phys-
ic-geographic taxon.

The so-called index of geosituation or the ge-
osituation index I is also in use. It is calculated by
the proportion

lgs = f (S1-3 /Sa=7) @)
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Table 1

Interoperable classified scheme of the landscape and/or physic-geographic taxons' anthropization extent,

caused by the different level land use and/or land cover (LULC) systems

Extent of anthropogenic impact Categorical
ngfaigzcgar:e for LULC systems: ranges for val-
anthropizat?on Geoecological ues of an- Code and name of principal
Hemeroby colog Degree of thropization LULC systems ¥
extent category ) positivity / 3 | index I #x
or subcategory degree negativity naturalness (Linr L(H”;N*T £),%
1.1 — Nature-protection sys-
1 - Very slight . Very geo- tem (natural & biosphere
anthrop)i/zati%n Ahemerobic pozit?ve Natural ©...15.8] reser\Ees etc.); XII.1 E Bare
rock system
1.2 — Nature-protection sys-
tem (national natural & re-
. gional landscape parks etc.);
2th_r fplyliggttigg- Oligohemerobic | Geo-positive Closert; natu- (15.8...28.3] | II-III — Wetland and Forestry
systems; XI1.2-3 — Sand and
Sparsely vegetated systems
etc.
IV — Shrubby-herbaceous
8- Moderate | e oohemerobic | MOUrAY | qominatural | (28.3...39.2] | . atural system: V.1-2 -
anthropization geo-positive Grassland-pasture and hay-
making system
4a — L/c moder- Lic p- L/c moderate- | L/c relatively XII1.2 — Agro-forestry sys-
ate-great an- euhemerobic ly geo- far from natu- | (39.2...44.8] tem; XI.1 — Dirt (country)
thropization negative ral roads; 0 — Water bodies
4b — H/c mod- H/c moderate- | H/c relatively .
erate-great an- ou hI«;Ir/r::eE c->bic ly geo- far from natu- | (44.8...50.4] Vs71i1i11tl_ I;gni'rflorzsgtt:rfd
thropization negative ral ghtly sloping sy
V.5-6 — Fruit trees and vine-
yard system; V.7.1.2-3 —
5a— L/c great L/c a- L/c geo- L/c far from (50.4...57.1] Non-forest tilled moderately
anthropization euhemerobic negative natural T & middling sloping systems;
VI.1 — Drainage-irrigation
system etc.
V.7.1.4-5 — Non-forest tilled
5b — H/c great Heo- Hic geo- H/c far from (57.1...63.7] | essentially and greatly slop-
anthropization euhemerobic negative natural ing systems
V.7.2 — Forest tilled system; VI
— Hydrotechnical-
6 — Very great . Very geo- Strange to hydromelioration system (ex-
anthropization Polyhemerobic negative natural (63.7...79.3] cept VL.1); VII — Recreational
system; VIIL.1 — Village system
etc.
VIII.2 — City-town system;
IX-X — Industrial-
7 — Excessive . Excessively e construction and Mining
L Metahemerobic . Artificial (79.5...100] systems; XI — Transport-
anthropization geo-negative communication system (ex-
cept XI.1)

Y According to [2, 21-23]; Abbreviation: L/c — low-categorical, H/c — high-categorical; ? According to [3, 4] with
our modification; ¥ According to [6, 7] with our modification; 4 According to the operating scale in [2]

where S;_; — the total area of geo-positive
LULC systems in a landscape and/or a physic-
geographic taxon. These include set of proper sys-
tems from very to moderately geo-positive accord-
ing to Table 1; S,_, — the total area of geo-negative

LULC systems in a landscape etc., i.e. set of sys-
tems from low-categorical moderately geo-negative
to excessively geo-negative in Table 1.

Geosituation index values mark this situation in
land use in landscapes or physic-geographic taxons
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according to a special scale developed in [2, 22].
The seven categories of this scale cover geosituation
from excessively favorable (I;s > 4.77) to cata-
strophic (I;5 < 0.13).

In addition, an attempt was made in [8] to con-
struct cumulative curves of areas in Hungary's mi-
croregions by categories of hemeroby. However, the
parameterization of such curves was not implement-
ed and therefore their analysis remained at [8] at a
simple descriptive level (see [2]). Also in [2] it was
proposed to use the classified scheme of taxon area
distribution among dominant LULC systems. The
scheme substantially reflects the composition of the
decreasing row for LULC dominant categories in
the model taxon.

Identification of previously unsolved parts of
the general problem. The analysis of the above
developments on the problem, concerning the pa-
rameterization of anthropogenic impact on land-
scapes, confirms the following. Firstly, the average-
weighted anthropization indexes according to model
(1) are marked by the disadvantages of their applica-
tion, which are characteristic of any mean value
([25, 26]). On the one hand, this is a low informa-
tional content of the mean value for estimating the
variability of random variables distribution under
study. On the other hand, structural heterogeneity of
the LULC system areas' samples through the an-
thropization extent categories in Table 1 has an es-
sential action on the anthropization index value.
That is, if the landscape has a dominant by area par-
ticular LULC system with the anthropization extent
subcategory occupying an average position in the
scheme of the last one in Table 1, i.e. 4a or 4b, the
total estimate of the landscape anthropization by
Ly ** is overvalued. This shift of estimates was
demonstrated by us in [2, 21], when, for example,
anthropization extent, simulated for certain forest-
steppe physic-geographic taxons, was lesser than for
some taxons of mixed forest zone. And this does not
quite correspond to the regional factor conditionality
of the anthropization process. Secondly, the geositu-
ation index by (2), on the one hand, is less "structur-
ally shifted" than the anthropization index by (1).
However, on the other hand, this index I;g is also
imperfect. In particular, in the absence of geo-
positive systems in Table 1 in a certain landscape or
taxon, the geosituation index will be 0, regardless of
the geo-negative systems' composition, which may
differ essentially. Thirdly, the above-mentioned
scheme of taxon area distribution among dominant
LULC systems ([2]) is more content-descriptive
than strictly typological-parametric. This is due to
the fact that the scheme describes the hierarchy of
only the nodes of the corresponding area graphs
among categories in Table 1, and not the specifics of
the exact numerical ratios of such areas.

Thus, the model tools for estimating anthropo-
genic impact on landscapes or physic-geographic
taxons need substantial improvement. Such tools
should, as far as possible, informatively and effec-
tively reflect the contributions to the integral land-
scape / taxon anthropization extent of all, not just
area-dominant LULC systems, as well as the ratio of
all these contributions.

Statement of the paper objective. The paper
objective was to substantiate, develop and verify
new and sufficiently informative analytical tools for
modeling anthropogenic impact on landscapes
and/or physic-geographic taxons. Hence the first
task was to implement in the calculating scheme a
hypothesis about the possibility of using the shape
of cumulative LULC systems' area distribution as a
parameter of anthropogenic impact on landscapes or
taxons. The second task was to verify the created
new calculating scheme for the physic-geographic
taxons of the test megaregion. It was selected as a
megaregion of zones of mixed (coniferous / broad-
leaved) and broad-leaved forests and forest-steppe
of Ukraine according to zoning in [27]. A consider-
able spatial data bases for land use in this
megaregion were organized in [2, 21, 22]. These
data bases are informative enough, because they use
modern open sources of digital spatial data. Such
sources, in addition to [27], include, first of all, digi-
tal land cover maps obtained by the European Space
Agency (ESA, [28]) and the National Geomatics
Center of China (NGCC, [29]) from remote sensing
data of satellite programs. According to [22, 27] the
test megaregion consists of 5 physic-geographic re-
gions called "krai" in Ukrainian, and 25 physic-
geographic areas called "oblast" in Ukrainian,
which are divided into 130 physic-geographic dis-
tricts or "raion" in Ukrainian (see next Fig. 6).

Presentation of methods and principal re-
search material. The experience of our studies ([25,
26, 2]) shows that, given the suggestions in [8], the
resumptive graphic solutions for the analysis of an-
thropogenic impact on landscapes and physic-
geographic taxons can be correctly represented in
the form of certain modified graphs of statistics.
They are, firstly, graphs of categorical cumulation
(or cumulative graphs) of LULC systems' area per-
cents according to calculating for such categories
anthropization indexes in physic-geographic taxons,
namely areas and districts. Hereinafter, these graphs
will be abbreviated as the cumulative graphs of
LULC systems' areas in taxons or corresponding
taxon graphs. They are constructed as points by the
model

V(Si)CAT,j = f (anrc,car, j) . (3)

where v(s;)car,j — the percents of LULC sys-
tems' areas, that are sequentially cumulated through
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anthropization extent categories (see Table 1), and
which are present within a specific physic-
geographic area or district, and are the part of these
categories ranged in the order of the anthropization
extent increasing; Iyyr,c,car,j — the highest "system™
Iant,c,i In the relevant (j) category (see (1)), which
in this case is the calculating upper limit of this cat-
egory.

The latter parameter should be noted as fol-
lows. On the one hand, it is defined only for catego-
ries, that is, without taking into account the subcate-
gories of Table 1. On the other hand, according to
the operating scale of landscape anthropization ex-
tent ([2, 21]) mentioned in the fourth column of Ta-
ble 1, the value Iyyrccar,; are determined by
LULC systems with the highest anthropization ex-
tent within each category. Namely: for category 1,
such system is Bare rock system, the value of
Iyt for which causes the corresponding value of
Iunt.ccar1 = 12.6%; for category 2 — Mixed forest
system With Iynr c.car2 = 27.7%; for category 3 —
Grassland-pasture and haymaking system with
Lyntccarz = 36.0%; for category 4 — Non-forest
tilled slightly sloping system with Iyyrccara =
46.7%; for category 5 — Non-forest tilled essentially
and greatly sloping system with Iyyrccars =
58.0%; for category 6 — System of geo-negative hy-
dromelioration consequences With Iynrccare =
79.5%; for category 7 — City-town system, including
cities with residents' number more than 1,000 thou-
sands of people, with Iyt c car,7 = 98.7%.

Secondly, it is advisable to approximate the
points of cumulative graphs under the model (3) by
second-order polynomial trends according to the
formula

2
v(S))car,j = Gs,ar(pIsT) (IANT,C,CAT,j) +
bs ar(pistyUant,ccar,j) » 4)

where ag ar(pist) 1 bs ar(pisT) — the parameters
of polynomial trends that are singular for each phys-
ic-geographic area or district.

The set of trends calculated according to the
formulas (4) for the 25 physic-geographic areas and
130 districts of the test megaregion showed the fair-
ly high reliability of all such 155 trends (see the
most typical examples for the districts in Fig. 1-4).
Thus, given the squared indexes of approximation
reliability R? for these trends and according to [25],
the following quality of approximation for the in-
vestigated non-linear relationships was obtained:

1) a good by reliability approximation with R?
> 0.9 — for trends of 14 physic-geographic areas and
60 districts;

2) a satisfactory approximation with 0.7 < R? <

0.9 — for trends of 11 physic-geographic areas and
70 districts.

The aforementioned set of 130 regional trends
in content is sufficiently informative to summarize.
Therefore, as the third step of model solutions, de-
pendences were built for this set (Fig. 5), such as

aspist = f (anT,pisT **) (5)

where ag p;st — the parameters of the polyno-
mial trends for the physic-geographic districts of the
test megaregion from formula (4); Iyt pist ** — the
average-weighted anthropization indexes of these
districts by model (1), calculated in our works [2,
21].

Dependences (5) were quite satisfactorily ap-
proximated by the logarithmic trend with R? = 0.89
according to the formula (see Fig. 5)

Qs pisT = Cag In(Iant,pist **) — das , (6)

where c, i dgg —the parameters of polynomial
trend, at that ¢, = 10 ag p;er * = 0.05, and d, =
4 ag prst * = 0.21, where ag p;s7 * — the mean val-
ue ags p;st from their set by (5).

It should be noted that the sample of 130 de-
pendencies by (5) in Fig. 5, as well as the trend by
(6), which approximates it, can be considered not
only megaregional, but also valid in general for
plain terrestrial landscapes and physic-geographic
taxons of midlatitudes. This is caused by the consid-
erable extent the mention sample, the variability and
representativeness of its members according to [25,
2] and the normalized nature of the original graphs
(3), taking into account the properties of the quasi-
ergodicity concerning the random functions of natu-
ral geosystems' parameters ([23]).

Under these conditions, the logarithmic trend
(6) was transformed into a model form in order to
calculate with further classification the given ranges
of the parameter ag as a whole. This form looks like

s = Cqgq ln(IANT,L(H) k) — das ) (7)

where Iyyr, 1wy ** — the lower and upper limits
of the ranges for values of landscape anthropization
index according to Table 1.

Further, the just mentioned values Iy, cqy **
were strictly inserted to trend (7). This made it pos-
sible to obtain, firstly, the calculating ranges of the
parameter ag in the trends of the cumulative graphs
of LULC systems' areas in taxons according to (4),
combined with the corresponding anthropization
extent of taxons (by Table 1). Secondly, the regular-
ities, concerning properly the shape of the logarith-
mic trend (7), were additionally used for parameter-
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Fig. 1. Cumulative graphs of LULC systems' areas and their approximation by polynomial trends in physic-
geographic districts of the Volynsko-Poliska (at the top) and the Zhytomyrsko-Poliska (at the bottom) physic-
geographic areas at the Poliskyi region (see next Fig.7).

Legend: @ 1 — VERHNIOPRYPYATSKYI (3) ... = 19 — CHERNIAKHIVSKO-KOROSTYSHIVSKYT (6) —
point symbols, ordinal numbers and names ([2]) of districts and categories of anthropogenic impact on them
according to Table 1 (numbers in brackets); cumulative graphs — points by model (3); trends — continuous
lines by formula (4); column to the right — trend formulas for districts, R’ — squared indexes of approxima-
tion reliability
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Fig. 2. Cumulative graphs of LULC systems' areas and their approximation by polynomial trends in physic-
geographic districts of the Kyivsko-Poliska (at the top) and the Chernihivsko-Poliska (at the bottom) physic-
geographic areas at the Poliskyi region (see next Fig.7).

Legend: @ 20 — RUDNIANSKO-VILCHANSKYI (1) ...

¢ 34 - KOZELETSKO-KULYKIVSKYTI (6) -

point symbols, ordinal numbers and names ([2]) of districts and categories of anthropogenic impact on them
according to Table 1 (numbers in brackets); cumulative graphs — points by model (3); trends — continuous
lines by formula (4); column to the right — trend formulas for districts, R’ — squared indexes of approxima-

tion reliability
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Fig. 3. Cumulative graphs of LULC systems' areas and their approximation by polynomial trends in physic-

geographic districts of the Novhorod-Siversko-Poliska (at the top) and the Roztotsko-Opilska horbohirna (at

the bottom) physic-geographic areas at the Poliskyi and the Zakhidnoukrainskyi regions (see next Fig.7-8).

Legend: @ 35 — SEREDNIOSOSNIVSKO-REVNENSKYT (2) ... ® 54 - KHODORIVSKO-BUCHATSKY1
(6) — point symbols, ordinal numbers and names ([2]) of districts and categories of anthropogenic impact on
them according to Table 1 (numbers in brackets); cumulative graphs — points by model (3); trends — continu-

ous lines by formula (4); column to the right — trend formulas for districts, R’ — squared indexes of approxi-

mation reliability
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Fig. 4. Cumulative graphs of LULC systems' areas and their approximation by polynomial trends in physic-
geographic districts of the Tsentralnoprydniprovska vysochynna (at the top) and the Pivnichnoprydniprovska tera-
sova nyzovynna (at the bottom) physic-geographic areas at the Podilsko-Prydniprovskyi and the Livoberezhnod-
niprovskyi regions (see next Fig. 9-10)
Legend: @ 91 — ORATIVSKO-MONASTYRYSHCHENSKYT (7) ... ® 109 — ZOLOTONISKO-

CHORNOBAIVSKYTI (6) — point symbols, ordinal numbers and names ([2]) of districts and categories of anthro-

pogenic impact on them according to Table 1 (numbers in brackets); cumulative graphs — points by model (3);

trends — continuous lines by formula (4); column to the right — trend formulas for districts, R’ — squared indexes of
approximation reliability
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Fig. 5. Dependences (5) and their approximation by the logarithmic trend (6) in order to calculate
the ranges for the parameter ag in Table 2 (147 ) ** according to Table 1;
R’ — squared index of approximation reliability)

ization, namely, the parameters of the trend shape
transition from the convex through the rectilinear to
the concave. This also made it possible to distin-
guish three levels of the corresponding ranges in the
anthropization extent subcategory 4b, that is, as to
the high-categorical moderate-great anthropization
(see Table 1 and following Table 2). Thirdly, real
domain of the initial districts' polynomial trends was
taken into account. In particular, such consideration
has made it expedient to assign the first and second
categories of physic-geographic taxons' anthropi-
zation extent to the single range during parametric
systematization of the trend shape. These categories'
merging is explained by their essentially small terri-
torial distribution, at that at the level of landscape
aggregation lower than the physic-geographical dis-
tricts (see Fig. 4.2 in [2]). Fourthly, the proposed in
[3, 4] adequacy of taxons' anthropization extent cat-
egories to a certain intensity of anthropogenic im-
pact on them also has been taken into account.

On such background, the final desired analytic
tool was developed, directly considering the possi-
ble by shape types of trend distributions according
to (4). Such a tool became a classified scheme of the
LULC system areas' percent distribution in physic-
geographic taxons. The scheme typifies this distri-
bution over the ranges of the parameter ag in the
polynomial trends of the cumulative graphs accord-

ing to the formula (4). In what follows, in short, the
scheme will be referred to as the classified scheme
or, simply, the scheme of the LULC system areas'
cumulative distribution (Table 2). It simultaneously
determines the category and intensity of anthropo-
genic impact on taxons, corresponding to a definite
distribution, as well as, of course, the extent of tax-
ons' anthropization. The scheme of Table 2 operates
with ten distribution types / impact categories: from
zero type / category, namely excessively convex
distribution with adequate weak anthropogenic im-
pact, to the ninth type / category, i.e. excessively
concave distribution with corresponding excessively
strong impact.

The verification of the classified scheme of Ta-
ble 2 was realized for the test megaregion. Verifica-
tion caused the following model results (initial
physic-geographic spatial data in all next figures
with the digital choropleths are based on [27]).

The spatial data of choropleth in Fig. 6 indicate
that only four types of the LULC system areas' cu-
mulative distribution have been identified in the ver-
ificatory physic-geographic areas. In 60% of these
areas, the type is dominated by a concave distribu-
tion with code 6. This is adequate to the low-
categorical strong anthropogenic impact on the areas
(see Table 2). This type of distribution is peculiar to
most of physic-geographic areas in almost all regions,
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Table 2

Classified scheme of the LULC system areas' cumulative distribution in physic-geographic taxons
and adequate to the distribution categories and intensity of anthropogenic impact on taxons

Code and type of distribu-
tion according to the trend
line shape of LULC sys-
tem areas' cumulative

Ranges for as as pa-
rameter of formula

Category and intensity of anthropo-
genic impact on taxons 2 and the ex-
tent of their anthropization (code in

Color of anthro-
pogenic impact
category at the-

graphs in taxons V (see (4) trends brackets according to Table 1) matic choropleths
(3). (4)
0 — Excessively convex .
distribution <-0,029 0 — Weak impact (1-2)

1 — Very convex distribu- (-0,029...-0,011]

1 — Moderate impact (3)

L

distribution

tion

2 — Convex distribution (-0,011...-0,004] 2-Lc moder(ai;strong Impact
3 — Weakly convex dis- i i 3 — H/c moderate-strong impact of
tribution (-0,004...-0,001) the 1% level (4b-1)

4 — Close to rectilinear 4 — H/c moderate-strong impact of
distribution [-0,001...0,001] the 2 level (4b-2)

5 — Weakly concave dis- 5 — H/c moderate-strong impact of
tribution (0,001...0,003] the 3¢ level (4b-3)

6 — Concave distribution (0,003...0,009] 6 — L/c strong impact (5a)

7 — Essentially concave (0,009...0,015] 7 — Hic strong impact (5b)

8 — Very concave distri-

bution (0,015...0,027]

8 — Very strong impact (6)

9 — Excessively concave

distribution > 0,027

9 — Excessively strong impact (7)

L

Y Based on [2] with our modification; Abbreviation: L/c — low-categorical, H/c — high-categorical; ?

Based on [3, 4] with our modification

with the exception of the Poliskyi region. In the lat-
ter taxon a weakly convex and close to rectilinear
cumulative distributions are simulated parity in two
areas. The distributions correspond to the high-
categorical moderate-strong anthropogenic impact
of the 1%-2" level. In six other physic-geographic
areas, mostly of the Podilsko-Prydniprovskyi re-
gion, as well as the Zakhidnoukrainskyi region, the
cumulative distribution by type is essentially con-
cave. This reflects the already high-categorical
strong anthropogenic impact on these taxons.

The physic-geographic districts of the test
megaregion are not characterized by excessively
convex and excessively concave types of distribu-
tion according to Table 2 (codes 0 and 9). Also in
only one district is simulated a very concave distri-
bution with code 8. All this affirms the absence of
districts with both weak and excessively strong an-
thropogenic impact on them and the limitedness of
very strong such impact. Such a result is logical tak-
ing into consideration the geoecological situation in

land use in the megaregion (see [2, 22]).

In general, among the eight types of cumulative
LULC system areas' distribution (see next Fig. 7-10)
physic-geographic districts of the megaregion are
characterized by such dominant types as:

— concave and essentially concave distribu-
tions. They concern, respectively, 48 or 37% and 40
or 31% of the districts and reflect the low- and high-
categorical strong anthropogenic impact on the tax-
ons;

— convex and weakly convex distributions.
They each are inherent, respectively, to 11 or 8% of
the districts and reflect the low- and high-categorical
moderate-strong anthropogenic impact of the 1%
level on these taxons.

A more detailed analysis of districts' cumula-
tive distribution types within the boundaries of
physic-geographic regions in the test megaregion
and their physic-geographic areas can be summa-
rized as follows.

In the zone of mixed (coniferous / broad-leaved)
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Fig. 6. Digital choropleth of the test megaregion: anthropogenic impact on the physic-geographic areas.
Legend: boundaries of the physic-geographic taxons: == — zones and regions, == — regions, = — areas and
= — districts; I...XXV — codes of the physic-geographic areas (see Fig.7-10); 3...]] - areas' anthropogenic
impact category in Table 2

forests, 39 physic-geographic districts of the
Poliskyi region as a whole (Fig. 7 and Fig. 1-3) are
most characterized by convex and concave cumula-
tive distributions. Each of them is inherent to 21%
of the megaregional districts and, accordingly, af-
firms the low-categorical moderate-strong and
strong anthropogenic impact on these districts. Only
in this region, in the absence of a very concaved
district distribution, a very convex cumulative dis-
tribution (code 1 by Table 2) is logically simulated.
It reflects a moderate anthropogenic impact on four
geoecological-positive districts of the Zhytomyrsko-
Poliska and Kyiv-Poliska physic-geographic areas.
Among these districts, respectively, are the
Klesivsko-Rokytnyansky, the Olevsko-Bilokorovyt-
skyi, the Rudniansko-Vilchansky and the Nyzhni-
oprypyatskyi districts, located in the north of these
areas (see Fig. 1-2 and Fig. 7). Districts of the
Poliskyi region with weakly convex (code 3, 15%)
and weakly concave (code 5, 13%) cumulative dis-
tributions of LULC system areas has quite consider-
able quantity. That is, the former fall under the high-
categorical moderate-strong anthropogenic impact
of the 1% level, and the latter — under the same im-
pact, however of the 3¢ level.

The Zakhidnoukrainskyi region of the broad-
leaved forest zone is characterized by the fact that
33 of its physic-geographic districts are inherent,
firstly, to only 6 of 8 types of megaregional cumula-
tive distributions in the absence of types 1 and 3
(Fig. 8). That is, in this region there are no districts
with moderate and high-categorical moderate-strong
anthropogenic impact of the 1% level. Secondly, only

three districts with convex distribution are distin-
guished by a relatively small anthropization extent
(code 2 in Table 3.5). These are the Smihivsko-
Slavutskyi, the Nemyrivsko-Briukhovytskyi and the
Medzhybizko-Derazhnianskyi districts with low-
categorical moderate-strong anthropogenic impact
on them. Thirdly, the Zakhidnoukrainskyi region is
dominated by districts (45%), which fell under the
high-categorical impact, i.e. with an essentially con-
cave distribution of LULC system areas (code 7 ac-
cording to Table 2). The low-categorical strong im-
pact (code 6, 24% of districts of the region) and the
high-categorical moderate-strong impact of the 3¢
level (code 5, 15%) on the districts are also quite
widespread. These districts are thus characterized by
a concave and weakly concave cumulative distribu-
tion. It is infrequent for districts of the region to
have close to rectilinear (code 4) and very concave
(code 8) the LULC system areas' cumulative distri-
butions relating to one district each.

Turning to the characteristics of the forest-
steppe zone, the following should be noted. The first
region of this zone — the Podilsko-Prydniprovskyi —
is characterized by very low variability of the cumu-
lative distributions of LULC system areas in the 31
physic-geographic districts of the region (Fig. 9).
Three types of cumulative distributions are simulat-
ed here. Among them an essentially concave distri-
bution is dominated (code 7 according to Table 2). It
covers 65% of the regional districts and indicates
the high-categorical strong anthropogenic impact on
them. And only one physic-geographic district of
the region is characterized by relatively more mode-
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I Volynsko-Poliska area

II Zhytomyrsko-Poliska area

V Novhorod-Siversko-
Poliska area

IV Chernihivsko-Poliska
area

Fig. 7. Digital choropleth of the anthropogenic impact on the physic-geographic districts of the Poliskyi region.
Legend: boundaries of the physic-geographic taxons: == — region and areas, == — districts; I...V — codes of
the physic-geographic areas; II— districts' anthropogenic impact category in Table 2

VI Volynska vysochynna
area

VIII Roztotsko-Opilska
horbohirna
area

s ZAKHIDNOUKRAINSKYI
REGION

X Seredniopodilska
vysochynna
area

IX Zakhidnopodilska
vysochynna
area

Fig. 8. Digital choropleth of the anthropogenic impact on the physic-geographic districts
of the Zakhidnoukrainskyi region.
Legend: boundaries of the physic-geographic taxons: == — region and areas, == — districts; VI...XI — codes of
the physic-geographic areas; 2. — districts' anthropogenic impact category in Table 2

rate anthropization. This is the Cherkasko-
Chyhyrynskyi district with close to rectilinear dis-
tribution (see Fig. 4), which is adequate to the high-
categorical moderate-strong anthropogenic impact
of the 2" level.

The Livoberezhnodniprovskyi region (Fig. 10)
is characterized by a slightly greater variability of
the cumulative distribution types than in the previ-
ous region. Four such types are simulated here for

17 districts of the region. Among them, a concave
distribution is prevalent, concerning 76% of the dis-
tricts and marking the low-categorical strong an-
thropogenic impact on them (code 6 in Table 2).
The less unfavorable geoecological situation was
simulated in only four other districts of the region.
Among them, the Konotopsko-Putyvlskyi district is
'the leader' with weakly convex type of distribution
and therefore with high-categorical moderate-strong
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Prydniprovska vysochynna
area

XVI Serednobuzka
vysochynna area

XV Prydnistrovsko- ) 4
Skhidnopodilska
vysochynna area

XVIII Pivdennopodilska
vysochynna area

< N 6 ;
X1V

TNKANIY
RESERVOIR
!' 3

XII Pivnichno-Zakhidna XIII Pivnichno-Skhidna Prydniprovska vysochynna area

XIV Kyivska vysochynna area

b XVII Tsentralnoprydniprovska
CH'ERIQ‘SY _ vysochynna area
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~RESERVOIR

Lz
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Rl:':&'l:' VOIR
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XIX Pivdennoprydniprovska
vysochynna area

PODILSKO-PRYDNIPROVSKYI
REGION

Fig. 9. Digital choropleth of the anthropogenic impact on the physic-geographic districts
of the Podilsko-Prydniprovskyi region.
Legend: boundaries of the physic-geographic taxons: == — region and areas, == — districts; XII...XIX — codes
of the physic-geographic areas; 4...[f — districts' anthropogenic impact category in Table 2

XXI Pivnichnopoltavska
vysochynna area

XX Pivnichnoprydniprovska
terasova nyzovynna area

KY1V,

LIVOBEREZHNO->
DNIPROVSKYI /v &
REGION

CHERKASY @

XXIII Pivdennoprydniprovska ",’35;”5,2’35%’-‘

terasova nyzovynna area

XXIV Sumska skhylovo-
vysochynna area
XIV

SKHIDNOUKRAINSKYI
REGION

XXV Kharkivska skhylovo-
vysochynna area

XXII Skhidnopoltavska
vysochynna area

Fig. 10. Digital choropleth of the anthropogenic impact on the physic-geographic districts of the Livoberezh-
nodniprovskyi and the Skhidnoukrainskyi regions.

Legend: boundaries of the physic-geographic taxons: === — regions, == — areas, == — districts; XX...XV —
codes of the physic-geographic areas; 4 I— districts' anthropogenic impact category in Table 2

impact of the 1% level. The Protsivko-Lipliavskyi
and the Nosivsko-Lynovytskyi physic-geographic
districts are also in this list (see Fig. 4). Anthropo-
genic impact on them is determined as high-
categorical moderate-strong of the 2" level, which
is caused by the close to rectilinear cumulative dis-
tribution (code 4 according to Table 2).

The Skhidnoukrainskyi region of the forest-step-

pe zone (see Fig. 10) is essentially anthropized in
the test megaregion. In ten physic-geographic dis-
tricts of the region there is practically no variability
of the LULC system areas' cumulative distributions.
In 90% of these districts, a concave distribution is
simulated, which is corresponding to the low-
categorical strong anthropogenic impact on the dis-
tricts (code 6 in Table 2). And the Bilokolodiazko-
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Velykoburlutskyi district fell already under a high-
categorical strong impact, which is determined by an
essentially concave cumulative distribution (code 7).

In general, the above results, concerning verifi-
cation of the classified scheme in Table 2 as a model
analysis tool, firstly, confirm the validity of the pro-
posed methodical approaches. Secondly, these re-
sults in content do not contradict the results of the
anthropization extent simulation for the physic-
geographic taxons of the same megaregion, realized
in our works [2, 21, 22] with application of the av-
erage-weighted anthropization indexes according to
the model (1). However, the model results obtained
and presented in Fig. 6-10 are more parametrically
diverse. This is caused by the fact that the tools of
Scheme 2 are more informative and statistically ef-
fective for identification of anthropogenic impact on
landscapes and physic-geographic taxons than the
average-weighted and other calculating anthropi-
zation indexes or schemes for consideration the im-
pact of only dominant LULC systems.

Conclusions. The classified scheme of the land
use and/or land cover (LULC) system areas' cumu-
lative distribution in landscapes and/or physic-
geographic taxons was substantiated and construct-
ed as analytical tool for modeling anthropogenic
impact on landscapes / taxons. The scheme is based
on the concept that the types of the mentioned dis-
tribution in its shape are adequate a certain category
and the intensity of anthropogenic impact on land-
scapes or taxons.

Properly the distribution of LULC system areas
was typified by the ranges for the parameter of pol-

ynomial trends in the cumulative graphs of these
areas in landscapes or their aggregations. Under
these conditions, the scheme of areas' cumulative
distribution operates with ten types of distribution —
from excessively convex to excessively concave.
These types also reflect different anthropogenic im-
pacts on taxons — from weak to excessively strong.

Verification of the scheme calculating LULC
system areas' cumulative distribution was realized
for the test megaregion, including 30 physic-
geographic areas and 130 physic-geographic dis-
tricts of the five regions in the zones of mixed (co-
niferous / broad-leaved) and broad-leaved forests
and forest-steppe of Ukraine. Relevant digital chor-
opleths concerning anthropogenic impact on these
taxons were simulated and analyzed. The verifica-
tion affirmed the validity of the proposed new me-
thodical approaches and their advantages over mod-
eling of anthropogenic impact on landscapes using
average-weighted and other calculating anthropi-
zation indexes and schemes.

The developed model tools and the results of its
verification are applicable for the improvement of
procedures, schemes and projects of environmental
management for plain terrestrial landscapes and
their aggregations in midlatitudes.

Prospects for further research are to realize re-
gionalized model assessments of the conditionality
and peculiarities of anthropogenic impact on physic-
geographic taxons by analyzing the quasi-spectra of
partial anthropization indexes and areas of LULC
systems in the taxons.

Bibliography

1. Samoilenko V. Modern procedure of landscape anthropization analysis / V. Samoilenko, V. Plaskalnyi // Problems of

Geography. — 2017. — Vol. 1-2. — Sofia: Bulgarian Academy of Science, National Institute of Geophysics, Geodesy
and Geography. — P. 31-42. — Available at: http://geoproblems.eu/wp-content/uploads/2017/10/2017 12/2 _
samoilenko.pdf

. Camotuinenxo B.M. Aumponizayia ranowagmis: monoepagis / B.M. Camoiinenxo, 1.0. [ibposa, B.B. Ilhackanvruil. —
K.: Hixa-Llenmp, 2018. — 232 c. — Available at: http://geo.univ.kiev.ua/images/doc_file/navch_lit/Antropizazia%
20landchaftiv_ Samoylenko.pdf

. Walz U., Stein C. Indicators of hemeroby for the monitoring of landscapes in Germany // Journal for Nature Conser-
vation. — 2014. — Vol. 22. — P. 279-289. — Available at: http://dx.doi.org/10.1016/j.jnc.2014.01.007

. IOER Monitor — Monitor of Settlement and Open Space Development. — Leibniz Institute of Ecological Urban and
Regional Development, 2018. — Web source: http.//www.ioer-monitor.de

. Winter S. Forest naturalness assessment as a component of biodiversity monitoring and conservation management //
Forestry. — 2012. — Vol. 85, No. 2. — P. 293-304. — Available at: https://doi.org/10.1093/forestry/cps004

. Paracchini M.L., Capitani C. Implementation of a EU wide indicator for the rural-agrarian landscape. — JRC scien-
tific and technical reports (EUR 25114 EN-2011). — Luxembourg: Publications Office of the European Union, 2011.
— 89 p. — Available at: http://dx.doi.org/10.2788/25137

. Eurostat Statistics Explain: Agri-environmental indicator — landscape state and diversity. — 2012. — Web source:
http://ec.europa.eu/eurostat/statistics-explained

. Csorba P, Szabo S. Degree of human transformation of landscapes: a case study from Hungary // Hungarian Geo-
graphical Bulletin. — 2009. — Vol. 58. — No 2. — P. 91-99. — Available at: http://'www.mtafki.hu/konyvtar/kiadv/
HunGeoBull2009/HunGeoBull_2009 2 91-99.pdf

. Kiedrzynski M. et al. Historical Land Use, Actual Vegetation and the Hemeroby levels in ecological evaluation of an
urban river valley in perspective of its rehabilitation plan // Pol. J. Environ. Stud. — 2014. — Vol. 23. — No. 1. —

-281-


http://geoproblems.eu/wp-content/uploads/2017/10/2017_12/2_samoilenko.pdf
http://geoproblems.eu/wp-content/uploads/2017/10/2017_12/2_samoilenko.pdf
http://geo.univ.kiev.ua/images/doc_file/navch_lit/Antropizazia%20landchaftiv_%20Samoylenko.pdf
http://geo.univ.kiev.ua/images/doc_file/navch_lit/Antropizazia%20landchaftiv_%20Samoylenko.pdf
http://dx.doi.org/10.1016/j.jnc.2014.01.007
http://www.ioer-monitor.de/
https://doi.org/10.1093/forestry/cps004
http://dx.doi.org/10.2788/25137
http://ec.europa.eu/eurostat/statistics-explained
http://www.mtafki.hu/konyvtar/kiadv/%20HunGeoBull2009/HunGeoBull_2009_2_91-99.pdf
http://www.mtafki.hu/konyvtar/kiadv/%20HunGeoBull2009/HunGeoBull_2009_2_91-99.pdf

Cepisi «[eonoezisi. [eozpadbisi. Ekonoeisi», sunyck 53

P 109-117. — Available at: http.//www.pjoes.com/Historical-Land-Use-Actual-Vegetation-r-nand-the-Hemeroby-
Levels-in-Ecological-Evaluation,89173,0,2. html

10. Frank S. Development and Validation of a Landscape Metrics Based Approach for Standardized Landscape Assess-
ment Considering Spatial Patterns. Statement of the PhD Candidate. — Technische Universitit Dresden, 2014. — 97
p. — Available at: https://tud.qucosa.de/api/qucosa%3A428247/attachment/ATT-1/

11. Wrbka T. et al. Linking pattern and process in cultural landscapes. An empirical study based on spatially explicit
indicators // Land Use Policy. — 2004. — V.21(3). — P289-306. — Available at: https://doi.org/10.1016/
J-landusepol.2003.10.012

12. Riidisser J. et al. Distance to nature — A new biodiversity relevant environmental indicator set at the landscape lev-
el. — Ecological Indicators. — 2012. — V. 15. — P 208-216. — Available at: https://doi.org/10.1016/
j.ecolind.2011.09.027

13. Mercuri A.M., Florenzano A. The Long-Term Perspective of Human Impact on Landscape for Environmental
Change (LoTEC) and Sustainability: From Botany to the Interdisciplinary Approach // Sustainability. — 2019. — Vol.
11(2). — P. 413-419. — Available at: https.//doi.org/10.3390/sull020413

14. Ellis E.C. et al. Used planet: a global history // Proceedings of the National Academy of Sciences of the USA. —
2013. - V. 110 (Is.20). — P. 7978-7985. — Available at: https.//dx.doi.org/10.1073%2Fpnas. 1217241110

15. Guidelines for land use mapping in Australia: principles, procedures and definitions. — Australian Bureau of Agri-
cultural and Resource Economics and Sciences. — Fourth edition. — Canberra: Commonwealth of Australia, 2011. —
132 p. — Available at: hitps://catalogue.nla.gov.au/Record/5739000

16. Hluwenxo I1.I°, T'agpunenxo O.11. I'eoexonociune oOIpyHMY8anHs NPOEKMi6 NPUPOOOKOPUCIYBAHHA. NIOPYYHUK (el.
eepcis). — K. : Anomepnpec, 2014. — 414 c.

17. Huwenxo I1.1I, T'aspunenxo O.I1. Koncmpykmueno-eeoepaghiuni ocHosu payioHanbHO20 NPUPOOOKOPUCYBAHHS!
niopyunux (en. eepcis). — K.: JJI1 "IIpinm Cepsic”, 2015. — 395 c.

18. I'poosuncekuii M. J[. Jlanowagmua exonoeis: niopyunux. — K.: 3uanns, 2014. — 550 c.

19. Camoiinenxo B.M., Isanox /].B. Mooemosanns 6aceiinosux eeocucmem. monozpagis. — K.: JII "Ipinm Cepsgic”,
2015. — 208 c. — Available at: http://geo.univ.kiev.ua/images/doc_file/navch_lit/'Samojlenko_mod_bas.pdf

20. Kovalchuk, 1., Mykytchyn, O., & Kovalchuk, A. (2020). Geoinformation modeling of anthropogenic transformation
of the basin geosystems (case study of Dnister right tributaries) // Visnyk of V. N. Karazin Kharkiv National Univer-
sity. — Series "Geology. Geography. Ecology". — 2019. — Vol 51. — P 124-139. — Available at:
https://doi.org/10.26565/2410-7360-2019-51-09

21. Samoilenko V., Dibrova I. et al. Procedure of Landscape Anthropization Extent Modeling: Implementation for
Ukrainian Physic-Geographic Taxons // Environmental Research, Engineering and Management. — 2018. — Vol. 74.
—No 2. —P. 67-81. — Available at: http://dx.doi.org/10.5755/j01.erem.74.2.20646

22. Samoilenko V., Dibrova I. Geoecological Situation in Land Use// Environ-mental Research, Engineering and Man-
agement. —2019. — Vol. 75. — No 2. — P. 36-46. — Available at: hitp://dx.doi.org/10.5755/j01.erem.75.2.22253

23. Camotinenxo B.M., [libposa I.0. [Ipupoonuuo-ceoepaghiune mooenosanns: niopyunuk. — Kuie: Hixa-I{enmp, 2019.
— 320 c¢. — Available at: hitp.//geo.univ.kiev.ua/images/doc_file/navch_lit/Sam_Dibrova_PG _model 2019.pdf

24. Bossard M. et al. CORINE land cover technical guide — Addendum 2000. Technical report No 40. — Copenhagen:
EFEA, 2000. — 105 p. — Available at: https.//www.eea.europa.eu/publications/tech40add

25. Camoiinenxo B.M. Hmogipnicui mamemamuuni memoou & ceoexonozii: nasuanvuuii nocionux. — K.: Hixa-Ilenmp,
2002. — 404 c.

26. Topuzov O., Vishnikina L., Samoilenko V. et al. Modernization of Geographic Education at High School: Geoinfor-
mation Training Models // Information Technologies and Learning Tools. — 2019. — Vol. 73. — Ne5. — P 174-184. —
Available at: https.//doi.org/10.33407/itlt.v73i5.3190

27. Hayionanvuuti amnac Ykpainu (enexmponua eepcisn) / Incmumym eeoepagii HAHY, "IC I'EO", IHBII "Kapmoe-
paghis”, JICTKK. — 2007.

28. Climate Change Initiative Land Cover (CCI-LC) Map. — European Space Agency (ESA), 2015. — Web source:
http://maps.elie.ucl.ac.be/CCl/viewer

29. Globeland30 Land Cover Map. — National Geomatics Center of China (NGCC), 2011. — Web source:
hitp://www.globallandcover.com/GLC30Download

Author’s contribution: all authors made an equal contribution to this paper.

-282 -


http://www.pjoes.com/Historical-Land-Use-Actual-Vegetation-r-nand-the-Hemeroby-Levels-in-Ecological-Evaluation,89173,0,2.html
http://www.pjoes.com/Historical-Land-Use-Actual-Vegetation-r-nand-the-Hemeroby-Levels-in-Ecological-Evaluation,89173,0,2.html
https://tud.qucosa.de/api/qucosa%3A28247/attachment/ATT-1/
https://doi.org/10.1016/%20j.landusepol.2003.10.012
https://doi.org/10.1016/%20j.landusepol.2003.10.012
https://doi.org/10.1016/%20j.ecolind.2011.09.027
https://doi.org/10.1016/%20j.ecolind.2011.09.027
https://doi.org/10.3390/su11020413
https://dx.doi.org/10.1073%2Fpnas.1217241110
https://catalogue.nla.gov.au/Record/5739000
http://geo.univ.kiev.ua/images/doc_file/navch_lit/Samojlenko_mod_bas.pdf
https://doi.org/10.26565/2410-7360-2019-51-09
http://dx.doi.org/10.5755/j01.erem.74.2.20646
http://dx.doi.org/10.5755/j01.erem.75.2.22253
http://geo.univ.kiev.ua/images/doc_file/navch_lit/Sam_Dibrova_PG_model_2019.pdf
https://www.eea.europa.eu/publications/tech40add
https://doi.org/10.33407/itlt.v73i5.3190
http://maps.elie.ucl.ac.be/CCI/viewer
http://www.globallandcover.com/GLC30Download

BicHuk Xapkiecbk020 HauioHanbHOo20 yHieepcumemy imeHi B.H. KapasiHa

UDC 911.5:913(477)
Viktor Samoilenko,
Doctor of Science (Geography), Professor, Chair of Physic Geography and Geoecology,
Taras Shevchenko National University of Kyiv, 2A Glushkov Prospekt, Kyiv, 03680, Ukraine,
e-mail: viksam1955@gmail.com, https://orcid.org/0000-0002-0327-1477;
Volodymyr Osadchyi,
Doctor of Science (Geography), Corresponding Member of National Academy of Sciences of Ukraine,
Director of Ukrainian Hydrometeorological Institute, National Academy of Science of Ukraine,
37 Nauky Prospect, Kyiv, 02000, Ukraine,
e-mail: osad@uhmi.org.ua, https://orcid.org/0000-0002-0428-4827;
Liubov Vishnikina,
Doctor of Science (Pedagogy), Professor, Chair of Geography and Procedure of Its Training,
V. G. Korolenko National Pedagogic University of Poltava,
2 Ostrogradskyi St., Poltava, 36003, Ukraine,
e-mail: lpvishnikina@gmail.com, https://orcid.org/0000-0003-0976-5512;
Ivan Dibrova,
PhD (Geography), Associate Professor, Chair of Physic Geography and Geoecology,
Taras Shevchenko National University of Kyiv,
e-mail: ivandibrova336@gmail.com, https://orcid.ore/0000-0003-1157-6315

SHAPE OF CUMULATIVE LAND USE SYSTEMS' AREA DISTRIBUTION AS A PARAMETER
OF ANTHROPOGENIC IMPACT ON LANDSCAPES

Statement of the problem and paper objective. Current challenges address global and regional threats
to biotic and landscape diversity and the urgent need for its conservation, restoration and reproduction. They
make it necessary to improve the tools for conceptual, information and calculating assessment of human ac-
tivities impact on the environment. That is why the study of the landscapes anthropization, i.e. the process of
their transformation through human activity, and the identification of the effects of this anthropization on the
environment remains the most pressing problem of geography and geoecology. Given this, the paper objec-
tive was to substantiate, develop and verify new and sufficiently informative analytical tools for modeling
anthropogenic impact of the land use and/or land cover (LULC) system on landscapes and/or physic-
geographic taxons.

Methods and results. The experience shows that the resumptive graphic solutions for the analysis of
anthropogenic impact on landscapes can be correctly represented in the form of certain modified graphs of
statistics. So, the classified scheme of the LULC system areas' cumulative distribution in landscapes and/or
physic-geographic taxons was substantiated and constructed as analytical tool for modeling anthropogenic
impact on landscapes / taxons. The scheme is based on the concept that the types of the mentioned distribu-
tion in its shape are adequate a certain category and the intensity of anthropogenic impact on landscapes or
taxons. Properly the distribution of LULC system areas was typified by the ranges for the parameter of poly-
nomial trends in the cumulative graphs of these areas in landscapes or their aggregations. Under these condi-
tions, the scheme of areas' cumulative distribution operates with ten types of distribution — from excessively
convex to excessively concave. These types also reflect different anthropogenic impacts on taxons — from
weak to excessively strong.

Verification of the scheme calculating LULC system areas' cumulative distribution was realized for the
test megaregion, including 30 physic-geographic areas and 130 physic-geographic districts of the five re-
gions in the zones of mixed (coniferous / broad-leaved) and broad-leaved forests and forest-steppe of
Ukraine. Relevant digital choropleths concerning anthropogenic impact on these taxons were simulated and
analyzed.

Scientific novelty and practical significance. Scientific novelty is determined by the reason that the
developed scheme and obtained model results are more parametrically diverse than in the existing proce-
dures. This is caused by the fact that the proposed tools are more informative and statistically effective for
identification of anthropogenic impact on landscapes and physic-geographic taxons than the average-
weighted and other calculating anthropization indexes or schemes for consideration the impact of only domi-
nant LULC systems. The verification of the developed tools for the test megaregion affirmed the general va-
lidity of the proposed new methodical approaches. The paper results are applicable for the improvement of
procedures, schemes and projects of environmental management for plain terrestrial landscapes and their
aggregations in midlatitudes.

-283 -


mailto:viksam1955@gmail.com
https://orcid.org/0000-0002-0327-1477
mailto:osad@uhmi.org.ua
https://orcid.org/0000-0002-0428-4827
mailto:lpvishnikina@gmail.com
https://orcid.org/0000-0003-0976-5512
mailto:ivandibrova336@gmail.com
https://orcid.org/0000-0003-1157-6315

Cepisi «[eonoezisi. [eozpadbisi. Ekonoeisi», sunyck 53

Keywords: anthropogenic impact, landscapes, physic-geographic taxons, land use and/or land cover
systems, modeling.

References

1. Samoilenko V., Plaskalnyi V. (2017). Modern procedure of landscape anthropization analysis. Problems of Geogra-
phy, 1-2: 31-42. Sofia: Bulgarian Academy of Science, National Institute of Geophysics, Geodesy and Geography.
Available at: hitp.//geoproblems.eu/wp-content/uploads/2017/10/2017 12/2_samoilenko.pdf

2. Samoilenko V.M, Dibrova I.0., Plaskalnyi V.V. (2018). Anthropization of Landscapes. Monograph [in Ukrainian].
Kyiv: Nika-Center, 232. Available at: http://geo.univ.kiev.ua/images/doc_file/navch_lit/Antropizazia%:20landchaftiv
Samoylenko.pdf

3. Walz U., Stein C. (2014). Indicators of hemeroby for the monitoring of landscapes in Germany. Journal for Nature
Conservation, 22: 279-289. Available at: hitp://dx.doi.org/10.1016/j.jnc.2014.01.007

4. IOER Monitor (2018). Monitor of Settlement and Open Space Development. Leibniz Institute of Ecological Urban
and Regional Development. Web source: hitp://www.ioer-monitor.de

5. Winter S. (2012). Forest naturalness assessment as a component of biodiversity monitoring and conservation man-
agement. Forestry, 85, 2: 293-304. Available at: https://doi.org/10.1093/forestry/cps004

6. Paracchini M.L., Capitani C. (2011). Implementation of a EU wide indicator for the rural-agrarian landscape. JRC
scientific and technical reports (EUR 25114 EN-2011). Luxembourg: Publications Office of the European Union, 89.
Available at: hitp.//dx.doi.org/10.2788/25137

7. Eurostat Statistics (2012). Eurostat Statistics Explain: Agri-environmental indicator — landscape state and diversity.
Web source: http://ec.europa.eu/eurostat/statistics-explained

8. Csorba P, Szabo S. (2009). Degree of human transformation of landscapes: a case study from Hungary // Hungarian
Geographical Bulletin, 58. 2: 91-99. Available at: http.//www.mtafki.hu/konyvtar/kiadv/HunGeoBull2009/
HunGeoBull 2009 2 91-99.pdf

9. Kiedrzynski M. et al. (2014). Historical Land Use, Actual Vegetation and the Hemeroby levels in ecological evalua-
tion of an urban river valley in perspective of its rehabilitation plan. Pol. J. Environ. Stud., 23, 1: 109-117. Available
at: http://www.pjoes.com/Historical-Land-Use-Actual-Vegetation-r-nand-the-Hemeroby-Levels-in-Ecological-
Evaluation,89173,0,2.html

10. Frank S. (2014). Development and Validation of a Landscape Metrics Based Approach for Standardized Landscape
Assessment Considering Spatial Patterns. Statement of the PhD Candidate. Technische Universitit Dresden, 97.
Available at: hitps://tud.qucosa.de/api/qucosa%3A428247 /attachment/ATT-1/

11. Wrbka T. et al. (2004). Linking pattern and process in cultural landscapes. An empirical study based on spatially
explicit indicators. Land Use Policy, 21(3): 289-306. Available at: https://doi.org/10.1016/j.landusepol.2003.10.012

12. Riidisser J. et al. (2012). Distance to nature — A new biodiversity relevant environmental indicator set at the land-
scape level. Ecological Indicators, 15: 208-216. Available at: https://doi.org/10.1016/j.ecolind.2011.09.027

13. Mercuri A.M., Florenzano A. (2019). The Long-Term Perspective of Human Impact on Landscape for Environmen-
tal Change (LoTEC) and Sustainability: From Botany to the Interdisciplinary Approach. Sustainability, 11(2): 413-
419. Available at: hitps://doi.org/10.3390/sull020413

14. Ellis E.C. et al. (2013). Used planet: a global history. Proceedings of the National Academy of Sciences of the USA,
110, 20: 7978-7985. Available at: https://dx.doi.org/10.1073%2Fpnas. 1217241110

15. Guidelines for land use mapping in Australia: principles, procedures and definitions (2011). Australian Bureau of
Agricultural and Resource Economics and Sciences. Fourth edition. Canberra: Commonwealth of Australia, 132.
Available at: https.//catalogue.nla.gov.au/Record/5739000

16. Shyshchenko P.G., Gavrylenko O.P. (2014). Geoecological rationale of environmental management projects. Text-
book (el. version) [in Ukrainian]. Kyiv: Alterpress, 414.

17. Shyshchenko P.G., Gavrylenko O.P. (2015). Constructive-geographic bases of rational environmental management.
Textbook (el. version) [in Ukrainian]. Kyiv: SE "Print Service", 395.

18. Grodzynskyi M.D. (2014). Landscape ecology. Textbook [in Ukrainian]. Kyiv: Znannia, 550.

19. Samoilenko V.M., Ivanok D.V. (2015). Modeling of basin geosystems. Monograph [in Ukrainian]. Kyiv: SE "Print
Service", 208. Available at: http://geo.univ.kiev.ua/images/doc_file/navch_lit/Samojlenko_mod_bas.pdf

20. Kovalchuk, 1., Mykytchyn, O., & Kovalchuk, A. (2019). Geoinformation modeling of anthropogenic transformation
of the basin geosystems (case study of Dnister right tributaries). Visnyk of V. N. Karazin Kharkiv National Universi-
ty, Series "Geology. Geography. Ecology”, 51: 124-139. Available at: https://doi.org/10.26565/2410-7360-2019-51-09

21. Samoilenko V., Dibrova I. et al. (2018). Procedure of Landscape Anthropization Extent Modeling: Implementation
for Ukrainian Physic-Geographic Taxons. Environmental Research, Engineering and Management, 74, 2: 67-81.
Available at: http://dx.doi.org/10.5755/j01.erem.74.2.20646

22. Samoilenko V., Dibrova I. (2019). Geoecological Situation in Land Use. Environmental Research, Engineering and
Management, 75, 2: 36-46. Available at: hitp://dx.doi.org/10.5755/j01.erem.75.2.22253

23. Samoilenko V.M, Dibrova 1.0. (2019). Natural-geographic Modeling. Textbook [in Ukrainian]. Kyiv: Nika-Center,
320. Available at: hitp.//geo.univ.kiev.ua/images/doc_file/navch_lit/Sam_Dibrova_PG_model 2019.pdf

24. Bossard M. et al. (2000). CORINE land cover technical guide — Addendum 2000. Technical report No 40. Copenha-
gen: EEA, 105. Available at: https.//www.eea.europa.eu/publications/tech40add

- 284 -


http://geoproblems.eu/wp-content/uploads/2017/10/2017_12/2_samoilenko.pdf
http://geo.univ.kiev.ua/images/doc_file/navch_lit/Antropizazia%20landchaftiv_%20Samoylenko.pdf
http://geo.univ.kiev.ua/images/doc_file/navch_lit/Antropizazia%20landchaftiv_%20Samoylenko.pdf
http://dx.doi.org/10.1016/j.jnc.2014.01.007
http://www.ioer-monitor.de/
https://doi.org/10.1093/forestry/cps004
http://dx.doi.org/10.2788/25137
http://ec.europa.eu/eurostat/statistics-explained
http://www.mtafki.hu/konyvtar/kiadv/HunGeoBull2009/%20HunGeoBull_2009_2_91-99.pdf
http://www.mtafki.hu/konyvtar/kiadv/HunGeoBull2009/%20HunGeoBull_2009_2_91-99.pdf
http://www.pjoes.com/Historical-Land-Use-Actual-Vegetation-r-nand-the-Hemeroby-Levels-in-Ecological-Evaluation,89173,0,2.html
http://www.pjoes.com/Historical-Land-Use-Actual-Vegetation-r-nand-the-Hemeroby-Levels-in-Ecological-Evaluation,89173,0,2.html
https://tud.qucosa.de/api/qucosa%3A28247/attachment/ATT-1/
https://doi.org/10.1016/j.landusepol.2003.10.012
https://doi.org/10.1016/j.ecolind.2011.09.027
https://doi.org/10.3390/su11020413
https://dx.doi.org/10.1073%2Fpnas.1217241110
https://catalogue.nla.gov.au/Record/5739000
http://geo.univ.kiev.ua/images/doc_file/navch_lit/Samojlenko_mod_bas.pdf
https://doi.org/10.26565/2410-7360-2019-51-09
http://dx.doi.org/10.5755/j01.erem.74.2.20646
http://dx.doi.org/10.5755/j01.erem.75.2.22253
http://geo.univ.kiev.ua/images/doc_file/navch_lit/Sam_Dibrova_PG_model_2019.pdf
https://www.eea.europa.eu/publications/tech40add

BicHuk Xapkiecbk020 HauioHanbHOo20 yHieepcumemy imeHi B.H. KapasiHa

25. Samoilenko V. (2002). Probabilistic mathematical methods in geoecology. Manual [in Ukrainian]. Kyiv: Nika-
Center, 404.

26. Topuzov O., Vishnikina L., Samoilenko V. et al. (2019). Modernization of Geographic Education at High School:
Geoinformation Training Models. Information Technologies and Learning Tools, 73, 5: 174-184. Available at:
https.//doi.org/10.33407/itlt.v73i5.3190

27. National Atlas (2007). National Atlas of Ukraine (electronic version) [in Ukrainian]. Institute of Geography NASU,
SRPE "Cartography" et al.

28. European Space Agency (ESA) (2015). Climate Change Initiative Land Cover (CCI-LC) Map. Web source:
http://maps.elie.ucl.ac.be/CCl/viewer

29. Globeland30 Land Cover Map (2011). National Geomatics Center of China (NGCC). Web source:
hitp://www.globallandcover.com/GLC30Download

-285 -


https://doi.org/10.33407/itlt.v73i5.3190
http://maps.elie.ucl.ac.be/CCI/viewer
http://www.globallandcover.com/GLC30Download

