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Abstract. The conceptual bases for geoinformation modeling of regional ecological networks were developed with substantiation of
new algorithm by which such networks are consistently modeled from a set of (quasi)geosystems of actual natural-anthropogenic
and/or (quasi)natural bio-landscape territorial structure with new artificial environmental elements addition. The modeling result has
to be network ecological cores and corridors with their buffer zones, which are divided into prior and perspective for creation and
must support an optimally formed frame of region’s bio-landscape diversity.
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Introduction. Substantiation of ecological networks crea-
tion at regional level is now the actual problem of natural
geography because such networks essentially expand na-
tional and international ecological network structures and
are used as "guide"” for implementation of local ecological
networks supporting principles of sustainable environ-
ment development.

Review of publications. In [3-5], considering existing
experience summarized in [1-2]), there were proposed
theoretic-applied bases for geoinformation modeling of
regional ecological networks, particularly for mean by
area river basins with close to ordinary degree of their
economic infrastructure. So, the principal goal of this
research is to improve methods of regional ecological
network modeling towards increasing of their applicabil-
ity in diverse economic-environmental conditions, includ-
ing complicated.

Methods. The following conceptual bases for re-
gional ecological network geoinformation modeling
were formulated. Initially, ecological network modeling
region (ENMR) should be considered as a combination of
(quasi)natural (QNS), natural-anthropogenic (NAS) and
anthropogenic (AS) structures. From here, in accordance
with ([3-5]), dynamic of ENMR and its structures can be
represented as

D{ENMR} = {QNS(wqns:Raons:t) N 1)

M (NAS(wnas,Rnasit) U AS(Ras, 1)}
where ONS(wons, Rons, t) and NAS(wnas, Ruas, t) is a to-
tality of QNS and NAS random fields; AS(Ras, t) — a totali-
ty of AS determined fields (see [3]); w in general — a total-
ity of elementary experimental results, i.e. wgons and wpas
— number of mentioned random fields' registering (by
fields' values and/or coordinates); R altogether — total
spatial area of all fields in model (1), i.e. total boundaries
of researched region under R e (x,y) in Cartesian coordi-
nates of chosen for modeling GIS tools, wherefrom R e
{Rans M (Rnas U Ras)}; t— continuous time parameter.

ENMR (quasi)natural structure (QNS) is divided into

singular substructures (SNS) (second order subsystems)
— plane substructures (SNSP) and network biocentric sub-
structure (SNSNgqy), and also into integrated network
bio-landscape substructure (ISNgn) in accordance with
notation
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D{QNS} = {ONS(@qns,Rons: 1)} =
= {SNS(wsns:Rsns:t) M ISNon(@isngy:Risngye D)} =

= {(SNSP(@snsp,Rsnse:t) [ SNSNon(@snsngy: Rsnsngy:t)) 1 2)
N ISNQN(wISNONvR[SNONxt)}
where WsNSy (SNSPs wSNSNQN and w|5NQN — registering

number for random subfields of appropriate substructures
in (2), RSNSSv Rsps, RSBNSQN and RISNQN — Spatia| Subﬁelds’

subareas of these substructures provided that Rgns = R
e{(Rsnse M Rsnsngy) M Risngyds Rswse = R Rsnsngy # Ri
Risngy 7 R.

In turn, firstly, (quasi)natural singular plane sub-
structures in (2) correspond to model

{SNSP} € {LS N PGS N BS N PDS N OSPS} (3)

namely they combine such substructures of ecological
network modeling region (ENMR), as:

1) Landscape substructures (LS) — taxonomic units
of genetic-morphological landscape territorial structure of
the regional level, such as stows (ST) and sub-stows
(SST), wherefrom

D{LS} = {LS(wsRis)} = )
{ST(wst,Rsr,t) N SST(wsst,Rsstit)}
where w_s, wst and wsst — registering number for random
subfields of appropriate substructures in (4); R.s, Rst and
Rsst — spatial subfields’ subareas of these substructures
considering that total spatial area of landscape substruc-
tures is Ris =R € {Rsr N Rssr} and Rsr € {Rssr};

2) Physical-geographic substructures (PGS) — cer-
tain level units of physical-geographic zoning ([1]), espe-
cially physical-geographic areas (PGA) and districts
(PGD) considering that they belong to zones (PGZ), sub-
zones (PGSZ) and lands (PGL) with correspondence to
formalized notation

D{PGS} = {PGS(®ps,Rpcs:t)} = {PGZ(wpcz,Rpez ) N
1 PGSZ(wpesz,Rpesz:t) N PGL(@poL,RpeL D)} N
N PGA(@wpeaRpeat)} N PGD(wpep,Reen )}
where wpgs, ®Wpsz, Wpasz, WpaL, Wpca aNd wpep — register-
ing number for random subfields of appropriate substruc-
tures in (5); Rpgs, Rpsz: Rpasz: Reol, Rpea @and Rpgp — Spa-
tial subfields’ subareas provided that total spatial area of
PGS is Regs =R € {Rpcz (1 Rpasz M Rear M Reca N Recp}s
3) Basin substructures (BS) — on the one hand, a to-
tality of basin territorial substructures (BTS), from the

®)
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higher rank basins (BTS;) up to the lower rank basins
(BTS,); on the other hand, basin morphological-positional
substructures (BMPS), i.e. identified within selected rank
BTS watershed-plain (WPG), slope (SLG), terrace (TRG),
floodplain (FPG) and riverbed (RBG) geosystems, and,
very often, their combinations (CMPS). Following the
logic of previous formalization, it's possible to note that

D {BS} = {BS(wgs,Res,1)} = {BTS(wgrs,Rars,t) N

N BMPS(wgwmps,Ramps:t)} (6)
D {BTS}= {BTS(wgts,Re7s,t)} = ©)
= {BTSy(wsrs,;,Rers ;1) N ... N BTSy(wsrs,,Rers,, 1)}

D {BMPS} = {BMPS(®gpps,Remps,t)} =

= {WPG(wwpg,Rwpa,t) U SLG(ws 6,Rs.6,t) U

U TRG(wrre,Rrra:t) U (8)

U FPG(wepc,Repe,t) U RBG(wrge,Rrac:t) U (M)

U (N) CMPS(wcmps,Remps: D)}
where wgs ... wcmps — registering number for random sub-
fields of appropriate substructures in (6)-(8); Rgs ... Rcwmps
— spatial subareas of these subfields considering that total
spatial area of BTS subfields is Rgrs =R € {Rgrs; (1 ... N

RBTS,n} and of BMPS subfields RBMPS =R e {RWPG U U

(N) Remes}

4) Positional-dynamic substructures (PDS) — the
units of positional-dynamic zoning ([1, 2]), i.e. para-
dynamic areas (PDA) and subareas (PDSA), landscape
tiers (LTI), basin and para-genetic sectors (BPGS) and
landscape strips (LSTR), which permits to make formal-
ized notation

D{PDS} = {PDS (wpps,Rpps:t)} = ={PDA(wppaRepat) N

n PDSA(a)PDSA|RPDSA1t) ﬂ LTI(CULThRLTIvt)} ﬂ

(1 BPGS(wgpes,Repes: )} N LSTR (@i str,Risr D}
where wpps ... wsTr — registering number for random sub-
fields of appropriate substructures in (9); Reps, Rppa, Rep-
sa» Rumi, Repes and Ry str — spatial subareas of these sub-
fields provided that total spatial area of positional-
dynamical substructures is Rpps = R € {Rppa [ Rppsa N
Rini M Repes N Ristr} etc.;

5) Other (quasi)natural singular plane substruc-
tures (OSPS) — accessory under modeling substructures,
which characterize geographic-botanic, zoological-
geographic, geologic, hydrogeological, relief-forming,
soil and other regional peculiarities, including combined
by attributes.

Secondly, (quasi)natural singular network biocen-
tric substructure (SNSNqy) in (2) is identical to recon-
structed (retrospectively reproduced) elements of regional
(quasi)natural biocentric-network landscape territori-
al structure (BNLTSqy) (see [1, 2]), such as bio-centers
(BCon), bio-corridors (BCRqoy) and interactive ele-
ments (IELqy), herefrom

D {SNSNgy} =D {BNLTSqy} =
{BNLTSon(@enLtsgy:Renctsoyt)} = {BC(@ecqyRecqyt) U
U BCR(wpcray:Recront) U IEL (0L gy RieL oy )}

where WBNLTSoN+++ DIELGN — registering number for ran-

dom subfields of appropriate substructures in (10);
Renitsgy -+ RieLgy — spatial subareas of these subfields

given that RBNLTSQN £#R.

©)

(10)
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Thirdly, (quasi)natural integrated network bio-landsca-
pe substructure (ISNgy) in (2) can be identified with a
totality of network connected elements forming (qua-
si)natural bio-landscape territorial structure (BLTSqy),
namely, from the one hand, reconstructed patches of LS
(stow and sub-stow geosystems), BMPS (terrace-floodplain
geosystems etc.) and BNLTSqy considering general back-
ground of (quasi)natural singular plane substructures. On
the other hand, properly BLTSqy (quasi)geosystems are
regional (quasi)natural cores (QNC) and corridors
(QNCR) of bio-landscape diversity which serves as re-
gion’s quasi-natural (reconstructed) frame of bio-land-
scape diversity (RFBLDgnwr). Herefrom

D {ISNgn} = D {BLTSqn} =D {RFBLDgyyir} =

{BLTSon(@sLtsgy:ReLtsgpet)} =

= {RFBLDENMR(wRFBLSENMRrRRFBLSENMth)} =

= {QNC(@gnc,Rone:t) U QNCR(wonerRoneri )} ¥

V{SNSP (cosnsp,Rsnse: ) }
where WBLTSgy +++ PSNSP — registering number for random
subfields of appropriate substructures in (11); RBLTSQN

Rsnsp — Spatial subareas of these subfields provided that
ReLrsgy 7 R

NAS and AS in (1) should be considered as regional
functional structure of nature management (RFSNM)
with the further division on natural-anthropogenic and
anthropogenic regional functional and nature man-
agement substructures (RFNMS), such as agro-
industrial (AIS), industrial (1S), settlement (SS), transport
(TRS), nature-protective (NPS) and multi-recreational
(MRS) substructures, therefore

D{NAS U AS} =D {RFSNM} = D {RFNMS} =
{RFNMS((@renms) Rrenus: )} = {(AlS(@ais,Rais t) U
U 1S((@is),Ris,t) U SS(Rss,t) U TRS(Rrrs,t) U
NPS(wnps,Rnps:t)) N MRS(wwrs,Rvrs: 1)}
where wrenws ... @wmrs — registering number for random
subfields of appropriate substructures in (12);
Rrenwms. - -Rmrs — spatial subareas of subfields in (12) con-
Sidel’ing that Rrenmvs = R.

In particular, NPS in (12) includes objects of nature
conservation fund (NCF) and biotic-protective (BPS),
other special protective (OSPS) and ecological network
(ENS) substructures, that's why

D {NPS} = {NPS(wnps,Rnps,)} =

= {NCF(wnce.Rncrt) N (U) BPS(wgps,Reps,t) U (M)

U (N) OSPS(wosps;Rosps:t) N (U) ENS(wens,Rens:t)
where wpps ... wens — registering number for random sub-
fields of appropriate substructures in (13); Ryps ... Rens —
spatial subareas of these subfields given that Ryps # R and
BPS substructures are both point and polygonal spatial
features and groups of these features (see [4]).

In turn, ecological network substructures in (13) will
agree with general notation {ENS} € {NLEN 1 (U) IS-
Nana M (U) MEN} and therefore they include at regional
scale:

1) Substructures of national (inter-regional) and lo-
cal ecological networks' elements (NLEN), considering
a level of their conservation status implementation;

2) Actual natural-anthropogenic integrated network
bio-landscape substructure (ISNana), Which is identical
to actual natural-anthropogenic bio-landscape territori-

(1)

(1)

(13)
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al structure (BLTSana) (see for comparison (11)). There-
fore the last one represents connected and/or, more often,
disconnected patches of synergistically integrated certain
QNS components, which are preserved (first of all "with
human assistance™) in close to natural state under condi-
tions of anthropogenic pressure and impact of structure-
destroying natural factors and/or are already restored. Such
patches include actual elements of landscape and basin
substructures (SSTana, STana and CMPSuya) and (qua-
si)natural biocentric-network landscape territorial structure
(BNLTSapa) and also proper components of nature-
protective substructures (NCF, BPS and OSPS) considering
general composition of other RFSNM elements (see (12)).
In this case (quasi)geosystems of BLTSana are regional
actual natural-anthropogenic cores (ANAC) and corri-
dors (ANACR) of bio-landscape diversity which form
region’s actual frame of bio-landscape diversity (AF-
BLDgnwr), preserved in close to natural state. Wherefrom

D {ISNana} =D {BLTSana} =D {AFBLDgnur} =

{BLTSana(PetspppsReLTS ANA DY =

= {AFBLDENMR(wAFBLDENMR|RAFBLDENMR|t)} =

{ANAC (@anac:Ranac:t) U

U ANACR( @anacr:Ranacr)} ¥V

vV {RFNMS((wrenms)Rrenms:t) — NPS(@nps,Rups, )}
where wgirsyy, --- @nes — registering number for random
subfields of substructures in (14); Rgirs,y, --- Rups— spatial
subareas of subfields in (14) given that Rg s, ,, # R €tC.;

3) Modeling regional ecological network (MEN) re-
garded, firstly, as a set of BLTSaya and/or BLTSqy (qua-
si)geosystems, initially identified and finally selected ac-
cording to specified system of bio-landscape diversity
analysis' criteria for the purpose of current or perspective
conservation and/or restoration and protection of such
(quasi)geosystems as future ecological network's compo-
nents. Secondly, MEN structure can be extended by prop-
er additional artificial elements of nature-protective sub-
structures (NPSapp) that may provide optimal composi-
tion and formation of future ecological network. All men-
tioned MEN components are earmarked to support im-
plementation and sustainable functioning of region’s op-
timally formed frame of bio-landscape diversity
(OFFBLDgnmr), Which is the most close to such (qua-
si)natural frame (see (11)). Properly structural elements
((quasi)geosystems) of MEN are regional ecological
network cores (EC) and corridors (ECR) and their
buffer zones (BZ), herefrom

D {MEN} = {MEN(wwenRuent)} = {EC(wec,Rec,t) U
ECR(wecr,Recrit) U BZ(wgz,Rez )} =

= {OFFBLDENMR(wOFFBLDENMRrROFFBLDENMR:t)} v

v {lim (OFFBI—DENMR(wOFFBLDENMRvROFFBLDENMth)) =
= (RFBLDENMR(wRFBLDENMRsRRFBLDENMRyt) U

U NPSaop((@npsapp) Rupsapp )}

where @yen... ®npsypp — registering number for random
subfields of substructures and elements in (15); Ryen... R
NPsapp — SPatial subareas of subfields in (15).

It should be remembered during modeling that ecologi-
cal network cores and corridors in (15) have to be selected
and analyzed as possible and then as final with their fur-
ther division into prior and perspective for creation, in-
cluding their relevant buffer zones.

(14)

(15)
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Results and discussion. Considering the above precondi-
tions, new algorithm of regional ecological network mod-
eling contains the number of specified by criteria opera-
tions aimed at consistent creation, coordination and trans-
formation of defined model structures with simultaneous
forming and information saturation corresponding blocks
of GIS database "Regional Ecological Network". Such
structures are:

1) Model structure MS-1 — the result of investigating
region boundaries determination, wherefrom

{Ms-1} = {R} € {Rons N (Ruas U Ras)} (16)
2) Model structure MS-2 — ordered set of definite
(quasi)natural singular substructures under model

{MS-2} e {ONS(@qnsRonsit) —
— (BLTSon(@gLrs gy ReLrsonit)}

3) Model structure MS-3 — the structure of bio-land-
scape diversity "frame" reconstruction and initial selection
of possible MEN elements in accordance with notation

- Nl 1 =
{M5-3} € {BLTSqn(@sLrsgy:ReLtsgyt)}
{RFBLDenwr(@rFBLDErs RRFBLDENR' DY =
= {ONC(wanc.Ronet) U ONCR(@woner, Roner )} =
= {ECpon(@ecpoy:Recpgyt) U EC-
Reon(@ecrpon: Recrpon: D)}

where ECPQN(wECPQN’RECPQN’t)
and ECRPQN(wECRPQN,RECRPQN,t) — the first set of possible
MEN cores and corridors as reconstructed by modeling
cores and corridors of BLTSqy;

4) Model structure MS-4 — the structure of region’s
anthropogenic transformation degree, presented as

{MS-4} € {RFNMS((@renms),Rrenms:t) —
— BLTSana(@BL1spp 00 RBLTS AN E) —
— MEN(wyen,Rvent)}

5) Model structure MS-5 — the structure of bio-
landscape diversity frame (quasi)geosystems' actualiza-
tion according to equation

{MS-5} € {BLTSANA(wBLTSANAnRBLTSANAnt)} = {AF-
BLDENMR(COAFBLDENMR1RAFBLDENMth)} =

= {ANAC(wanacRanac:t) U ANACR(wanacrRanacrit)} =
= {ECpana(@ecpppyarRECH ) U EC-
RPANA(a)ECRpANAvRECRpANArt)} v {MS-3}

where ECPANA(wECPANA’RECPANA’t) and
ECRpana(@ecrppna RECRpanArT) — the second set of possible
MEN cores and corridors as differentiated by modeling
cores and corridors of BLTSana;

6) Model structure MS-6 — the structure for analysis
of natural-frame significance and state level concerning
both sets of possible MEN cores and corridors by (19) and
(20) and selection of the first set with final (principal)
MEN cores and corridors (ECgnpy1 and ECRgnpg) IN
accordance with notation

{MS-6} € {(ECPQN(wECxRECvt) U ECRPQN(wECRxRECth)) N
(U) (ECpana(@ec,Rec)t) U

U ECRpana(@ecr,Recri1)) N (RENMS((@renmis) Rrenms:t) —
NPS(wnps,Rnps 1))} =

={(Ms-3) N (V) (MS-5) N

N (MS-4)} = {ECrinp1(@ecey p1:ReCEyp 1 D) U

U ECRenpa(@ecreyy p 11 RECREN p 1 D}

(17)

(18)

(19)

(20)

1)
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7) Model structure MS-7 — the structure for OFF-  regarding peculiarities of their application to model struc-
BLDenmr first variant creation (see (15)) by addition and  tures (16)-(23) adequate to proposed algorithm, to modify
coordination with MS-6 of required NPS,pp elements and  geoinformation-technologic approaches to implementa-

approximate BZ computation by notation tion of mentioned algorithm and to verify developed
{MS-7} € {(M5-6) U NPSpop(@yps, 00 Rrpspport)) U model _solutions on example of representative region’s
_ ecological network.
U BZ(wgz,Rez t)} = (22)
= {OFFBLDENMR(Q)OFFBLDENMRYROFFBLDENMth)}VARl
8) Model structure MS-8 — the structure for OFF- Conclusions. The conceptual bases for geoinformation

BLDevwr second variant creation by division of MEN  modeling of regional ecological networks were developed
cores and corridors and their buffer zones from (22) into by formalized structuring of the region into (quasi)natural,
prior (subscript "pr") and perspective (subscript "pp") ac-  anthropogenic-natural and anthropogenic structures, their

cording to equation further differentiation into substructures and modeling of
{MS-8} = these substructures' dynamics, which allows to generate
={OFFBLDenmr(®@orrBLDgwr ROFFBLDEN R D YVAR? € an optimally formed frame of region’s bio-landscape di-
€ {(ECpr(@ecpp,Recopt) U versity. ) _ _
U ECRen(®@echogRechag ) U BZor(@70 Rezag 1)) U (23) New algorithm of ecological network modeling con-

U (ECop(®ecoRecot) U tains_ number of_specified py griteria operations air_ned at

PR ECPP! consistent creation, coordination and transformation of

U ECRep(@ecrop Recrpprt) U BZpp (8755 Razp0:1))} defined model structures with simultaneous forming and

Prospects for further research are to improve the sys-  information saturation corresponding blocks of GIS data-
tematization of bio-landscape diversity analysis criteria  base "Regional Ecological Network".
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Knioueswie cnosa: buonranowapmunas meppumopuanshas cmpykmypa, (keasu)eeocucmema, peuoHaIbHASL IKOLOSUHECKAS Cemb,
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