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APPLIED MODEL OF ENVIRONMENTAL SERVICES - DEVELOPMENT OF ECOLOGICAL
AND ECONOMIC DRAINAGE SYSTEM OF TRANSBOUNDARY RIVER BASINS
(on the example of the Talas river basin).

Abstract. Based on the climatic index of biological productivity of landscapes according to D.I. Shashko
developed a mathematical model of the bioclimatic potential of the catchment area of a transboundary river
basin with its complex arrangement in the form of a coefficient of ecological services. Given coefficient
characterizes the potential for increasing the biological productivity index of landscapes, allowing the
formation of ecological water demand and average long-term disposable water resources in the context of
administrative districts for the provision of services for the reclamation of agricultural lands Basin of the
transboundary Talas River. At the same time, within the framework of geomorphological schematization,
determine the «export-import» of environmental services of water resources at the interstate level with equity
participation, ensuring the creation of highly productive and environmentally sustainable hydro-agrolandscape
systems in order to increase food security of the population living in the region.

A mathematical model has been developed to substantiate the maximum permissible area of land
reclamation, taking into account the water resources of transboundary river basins formed as a result of
environmental services, where the relationship between the biological water requirements of the vegetation
and soil cover of agricultural lands of the hydro-agrolandscape was used as a theoretical basis, it made
it possible to determine maximum possible areas of irrigated land in the context of geomorphological
schematization of the catchment area of the Talas river basin.

Key words: climate, index, productivity, potential, river, ecology, service, model, water, resource.

Introduction.The processes taking place in nature, society and the world economy are interconnected and
have a mutual influence on each other. Human life takes place in the «economy-ecology-society» system and
the study of the economic subsystem is impossible without considering its connections with other subsystems,
especially in the basins of transboundary rivers. This implies the need to develop analysis tools - models for
the development of a natural-technogenic system, that is, an integrated arrangement of river basins, taking into
account the role of natural capital and environmental services of natural systems and human anthropogenic
activities, allowing to identify new and substantiate known patterns of rivers flowing in the basin.

Solving environmental problems of river basins is one of the priority areas of socio-economic development
of any modern state using the water resources of transboundary rivers to ensure water security and sustainable
development [1; 2; 3; 4; 5; 6].

The situation on the market for environmental services in transboundary river basins is changing under the
influence of demand, which in turn depends on the general economic situation, environmental conditions and
is subject to the regulatory influence of the state. The successful development of the market for environmental
services in river basins, its scale and content depend on the state’s impact on nature-users in order to comply
with environmental requirements.

Object of study - natural and natural-man-made systems of the catchment area of the transboundary Talas
river basin [7].
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Research goal - consists in identifying the features of the influence of natural capital and environmental
services of components of natural systems and anthropogenic human activities in the complex arrangement of
a transboundary river basin, ensuring a reasonable, fair and equitable use of natural resources for sustainable
development and ensuring food security.

Methodological base of the research served as dialectical, abstract-logical methods, methods of analysis,
synthesis, analogy, comparison, grouping, and also used the systemic, empirical and evolutionary approaches.

Research results. Natural capital - reserves consisting of life-supporting systems (life support systems),
biodiversity, renewable and non-renewable resources used by man or of industrial interest to him [1; 2; 3; 4;
5; 6]. In river basins, natural capital is considered not only natural raw materials for production, but also so-
called environmental services [7].

Consequently, an increase in «natural capital»(IITIC) to «potential natural capital» (PIIC), that is
APIIC = PIIC — IIIIC it can be carried out at the expense of ecological services of water resources of river
basins, which are related to a regulated and controlled factor, and light and heat supply is not regulated and
is not controlled, mankind adapts to these factors. Therefore, for the redistribution of ecological services of
water resources in the catchment area of river basins, a methodological substantiation of integral criteria is
required, which allows the rational, equitable and fair use of «natural capital»(I1I1C). To develop integral
criteria that allow for a balanced redistribution of ecological services in the catchment area of river basins,
one can use the ratio of the natural climatic index of biological productivity of individual landscape classes
or catena (facies) [8]:

Begi = Kpay) - (Xt > 10°C/ Tt > 10°C,)

where Y t > 10°C - the sum of the average daily air temperatures above +10°C, reflecting the flow of solar
energy and heat supply of landscapes; ).t > 10°C_ -the sum of the average daily air temperatures above
+10°C, equal to the initial zone of formation of the river basin runoff, equal to 1000°C; Kpky)- coefficient
depending on the coefficient of annual moisture - K) [8] to the average climatic index of biological
productivity of all landscape classes By, = XiL; By /n, that is, the coefficient of ecological services of the
catchment area of river basins, ensuring the balancing of the biological productivity of hydro-agrolandscapes
in the conditions of anthropogenic activityKesxi = 1 — (Bugi/Beyi) n T, Kgy = 0 — const[9].

On the basis of the proposed methodological approach, the coefficient of ecological services for the
catchment area of the Talas River basin was determined (Table 1).

Table 1- Integral coefficient of ecological services of the Talas river basin

Physico-geographicalzoning Weather station Environmental service ratio
landscape class facies Bi‘c’bi Ko
Mountain Eluvial Aktash 187.5 -0,4159
Foothill Transeluvial Talas 141.5 -0,0687
Foothill plain Super aquatic Taraz 139.4 - 0,0527
Plain Aquatic Bilikkol 149.1 -0,1259

Baikadam 107.3 0,1897
Kamkalykol 69.7 0,4736
Bloi and Sie1 Kow 132,42 0.0

As can be seen from Table 1, the mountain (eluvial), foothill (transeluvial) and foothill plain (superaqual)
zones of the catchment area of the Talas River basin can export the natural capital of the Kyrgyz Republic
in the form of a water resource to increase the biological productivity of soil and vegetation covers of the
plain (aquatic) zone, that is, by importing water resources, which will ensure the balanced functioning of
the natural and man-made complex based on the creation of highly productive hydro-agrolandscapes in the
territory of the Republic of Kazakhstan.

For an equitable, reasonable and fair distribution of the average long-term disposable water resources of
transboundary rivers, it is possible to use the coefficient of available land resources ((K3pi) ) of the catchment
of the river basin in the context of facies, which is determined by the formula:

W6KL' = K3pi ’ (Woi - AWcsi)a ’

where W,; — volume of water resources of river basins, km?; W__.- volume of guaranteed sanitary and
ecological water resources of river basins, ensuring the ecological sustainability of the natural system in the
lower reaches.
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At the same time, the volume of water resources (Wi) or the provision of environmental services in
order to increase the «natural capital»(I1IIC) to «potential natural capital» (PIIC) from the standpoint of the
biological productivity of vegetation and soil covers of individual landscape classes or facies of river basin
catchments is determined by the formula: W (5—uyi = Kowi * Wei-

The average long-term volume of water resources (Woi) of the catchment area of the transboundary river
Talas is1,84 km?*of which0,552 km?is the volume of guaranteed sanitary and ecological water resources of
river basins W_,;),ensuring the ecological sustainability of the natural system in the lower reaches, that is, the
average long-term volume of available water resources(W,.q; = Wy; — Wey;)) is 1,288 km?.

On the basis of the average long-term volume of available water resources(Wyq; = Wi — Wesi)) and the
ratio of available land resources (I,,; ) the average long-term available water resources for the administrative
districts of the catchment area of the Talas transboundary river basin were determined (Table 2).

Table 2 - Average long-term disposable water resources of the administrative areas of the catchment area
of the transboundary Talas river basin

Landscape class andfacies Administrative Natural resources Environmental
districts services, km*
land aquatic, km’ | export | import
km? %

Mountain (Eluvial) Talas 5280.0 7.394 0.095 -0.0395 -
Foothill (Transeluvial) Kara-Burinsk 3207.0 12.808 0.165 -0.0113 -
Bakai-Atinsk 9145.6 4.491 0.058 -0.0040 -
Manas 2670.0 3.739 0.048 -0.0032 -
Foothill plain (Super aquatic) |Zhambul 3200.0 4.480 0.057 -0.0030 -
Bayzak 4400.0 6.162 0.079 -0.0099 -

Plain (Aquatic) Talas 12200.0 | 17.086 0.220 - 0.0227

Sarysu 31300.0 | 43.840 0.564 - 0.0482

Along the Talas river basin 71402.6 100 1.288 0.0709 10.0709

It should be noted that the ecological runoff of the Talas river basin was determined using the analogy
method, since both the Shu and Talas rivers are located in the Shu-Talas water basin and belong to the rivers
of glacial-snow supply, according to S.R. Ibatullin, Zh.S. Mustafayev and K.B. Koybagarova basin of the
Shu river, which are accepted as analogues, ecological runoff is 36% of hydrological runoff on a temporal
and spatial scale [10].

Consequently, the presented information and analytical materials based on predictive calculations [7]
made it possible, on the basis of available water resources providing environmental services, to determine the
maximum possible area of irrigated land in the context of geomorphological schematization of the Talas river
basin catchment area (Table 3).

Table 3- The maximum possible area of irrigated land in the context of geomorphological schematization
of the catchment area of the Talas river basin

Landscape class | Administrative [TokazaTeny SKOJIOTHIECKUX YCIYT
andfacies districts Available water | Specific water | Synchronous Maximum
resources for demand rate coefficient | possible irrigated
irrigation ((gp)), (Ko area (Fz0),
(Wrai),km? m’/cper 1 ha thousand ha
Mountain Talas 0.035 0.44 1.067 72.1
(Eluvial)
Foothill Kara-Burinsk 0.061 0.52 1.150 114.7
(Transeluvial) | Bakai-Atinsk 0.022 0.52 1.150 41.4
Manas 0.018 0.52 1.150 33.8
Foothill plain | Zhambul 0.021 0.56 1.179 37.6
(Super aquatic) |Bayzak 0.029 0.56 1.179 51.9
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Plain (Aquatic) |Talas 0.082 0.76 1.063 97.5
Sarysu 0.209 0.76 1.063 248.5
Along the Talas river basin - - 697.5

As can be seen from Table 3, the maximum possible area of irrigated lands with an extremely efficient use
of the ecological service of water resources of the Talas River basin is only 697.5 thousand hectares, of which
351.5 thousand hectares in the interstate section belong to the Kyrgyz Republic and 346.0 thousand hectares
to the Republic of Kazakhstan.

In this case, the volume of water resources (4Wyq(s-u);) for the provision of environmental services in the
«export-import» system of the catchment area of the transboundary river basin is determined by the formula:
AWrao-mi = Koxi * Wrai,whereK, . — coefficient of environmental services of natural resources.

Thus, if the Kyrgyz Republic, on the basis of the principles of balanced use of natural resources, exports
environmental services of water resources, and the Republic of Kazakhstan accepts environmental services of
water resources from the territory of the Kyrgyz Republic, it is possible to ensure the efficient use of energy
services of natural systems by increasing the area of irrigated land in the lower reaches of the basin. the Talas
river (table 4).

Table 4 - Forecasting «increase-decrease in the area of irrigated land in the context of geomorphological
schematization of the catchment area of the transboundary Talas river basin

Administrative Weai o Ky Environmental services of|Expected area of irrigated
districts ’ water resources, km? land, thousand ha

export | import - | +

Mountain class of landscapes (eluvial facies)
Talas | 0.035 | -04159 | -0.0145 | - | 239 | -
Foothill subclass of landscapes (transeluvial facies)
Kara-Burinsk 0.061 -0.0687 -0.0041 - 7.70 -
Bakai-Atinsk 0.022 -0.0687 -0.0051 - 9.60 -
Manas 0.018 -0.0687 -0.0012 - 2.25 -
Foothill plain subclass of landscapes (super-aquatic facies)
Zhambul 0.021 -0.0527 -0.0011 - 1.37
Bayzak 0.029 -0.0527 -0.0016 - 2.36
Plain landscape class (aquatic facies)

Talas 0.082 0.1897 - 0.0155 - 13.43
Sarysu 0.209 0.4736 - 0.0990 - 117.70

As can be seen from Table 4, within the framework of a reasonable, equitable and fair use of water resources
of the transboundary Talas River, it is possible to reduce anthropogenic pressures on the mountainous class of
landscapes (eluvial facies) and submontane subclass of landscapes (transeluvial facies) based on the export
of ecological services of available water resources, which ensure their environmental sustainability, and using
the import of environmental services of water resources, it is possible to increase the area of irrigated land
to 131.13 thousand hectares, which allows creating highly productive agro-industrial complexes that ensure
food security in the region. With a reasonable, equitable and fair use of water resources in the basin of
the transboundary Talas River, taking into account energy resources in the context of geomorphological
schematization, it is possible not only to ensure a balanced use of water resources within the framework
of their «export-import» based on heat and moisture supply of the natural system, but and to design highly
efficient hydro-agrolandscapes.

Conclusions: Based on the climatic index of biological productivity of landscapes according to D.I.
Shashko developed a mathematical model of the bioclimatic potential of the catchment area of a transboundary
river basin with its integrated arrangement in the form of a coefficient of environmental services, which
characterizes the potential for increasing the biological productivity index of landscapes and allows one to
determine the ecological water demand and average long-term disposable water resources in the context of
administrative districts for the provision of services for the reclamation of agricultural lands and within the
framework of geomorphological schematization there are opportunities for «export-import» of environmental
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services of water resources at the interstate level with equity participation, ensuring the creation of highly
productive and environmentally sustainable hydro-agrolandscape systems in order to increase food security
in the region.

A mathematical model has been developed to substantiate the maximum permissible area of land
reclamation, taking into account the water resources of transboundary river basins formed as a result of
environmental services, where the relationship between the biological water requirements of vegetation and
soil cover of agricultural lands of the hydro-agrolandscape and its resistance to anthropogenic influences is
used as a theoretical basis; as well as the degree of regulation of the flow of the basin of transboundary rivers,
which made it possible, on the basis of available water resources, to determine the maximum possible areas
of irrigated lands in the context of geomorphological schematization of the catchment area of the Talas river
basin.
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IKOJIOI'UsJIbIK KbISMETTIH KOJIJAHBAJIBI YJIT'ICI — TPAHCHIEKAPAJIBIK
O3EHAEPIAIH CYKUHAY AJIABBIHBIH 3KOJIOTI' UAJIBIK-9KOHOMUKAJIBIK JTAMY
JKYHUECI
(MbIcaara Tasnac e3eHiHiH cy:kuHAy a1a0bl)

Annoranmus. J[.W. llamkonsH nanamadTTapapH OMOIOTHSIIBIK OHIMAUTITIHIH KINMATTHIK OENTiCiHIH
HeTi3iH/Ie, TpaHCIIEKAPABIK ©3€HICP/IiH Cy)KWHAy anaObIHBIH KeIIeH I Yiecipy Ke3iHIe OMOKIUMATTBIK
oneyeTiH Oaranayra apHaIFaH MaTeMaTHKAIBIK YATicl, JaHAmadTTapAblH OHMOIOTHSIIBIK OHIMILIIK OeNTiciH
JKOFAPBUIATY/IBIH QJICYeTIH CHUIATTAWTBIH SKOJOTHSIIBIK KBIBMETTIK KOPCETKIlll TYpiHAE KypbuiFaH. by
KepceTKill JaHamadTTapIibiH OHOJIOTHSIIBIK OHIMIIUTITIHIH KIMMATTHIK OCNTICIH JKOFapIIaTy/IbIH dJIeyeTTiK
MYMKIHIIUTITIH CUMATTall OTBIPBIN, TpaHCHIEKapanblK Tajac e3eHIHIH CyXHHAY alaObIHBIH OKIMIILIIK
aylMaHAapblH SKaFJaibIHIAFbl aybUINIAPYAIIBUIBIK KEPIePIH MeTHopalysiiay Ke3iHIeri KepceTieTiH
KbI3METTEep OOMBIHIIA, DKOIOTHSUIBIK TYPFbIA CY/bl TYTHIHY JKOHE OpTallia y3aK Mep3imMji KOJIAaHOalbl cy
pecypcrapblHaHbIKTayFa MYMKIHIIK Oepeni. CoHbIMeH Oipre, reoMOpQOIOTrHsUIBIK KeJiiey MeHOepinae cy
peCcypCTapbIHbIH KOJOTHSIIBIK KBI3BMETIHIH «IKITOPT-UMIIOPT OOJTiriHe MeMIICKeTapasbIK JCHIeiIe YIeCTiK
KAThIHACY apKbUIbI, AiMAKTBIH TYPFBIHIAPBIHBIH a3bIK-TYJIK KaYINCI3/IiriH KOFapIaTy MaKCAThIH/IA YKOFAPFbI
OHIM/II YKOHE SKOJOTHSIIBIK OPHBIKTHI THAPOATPONAHAMA(PTTHIK KYHEIEpiH KYPYAbl KaMTaMachl3 eTyre
OoJIaabl.

TpaHcuiekapanblK ©63CHACPIH CYy)KHHAY alMarblHBIH CY PECYPCTApBIHBIH SKOJOTHSIIBIK KhI3METIHIH
HOTIDKECIHJIE KAJIBINTACAThIH CyFapMallbl €TICTIK JKepIiH NIeKTEIreH-MYMKIHIIUIK aylaHblH HETi3leyre
apHAJIFAaH MaTEMATHKAJIBIK YJTICI KYPBUIFAH %OHE OHBIH TCOPHUSUIBIK HET131 peTiHae TUApoIaHmapTTapIbiH
aybUTIIAPYAIIBUIBIK JKEPICPIHICTT OCIMIIK JKOHE TOIBIPAK JKAMBUIFBICHIHBIH OWOJOTUSIIBIK CY/Abl TYTHIHY
MOJIIIIEP] KOHE KIMMATTHIH apachIHAarbl OAWTAHBICTBHIH TEHACY MaiilanaHblIFaH, ajl oy Tamac e3eHiHiH
Cy)KHHAy anaObIHBIH aifMarblH TreoMOPQOIIOTHSIIBIK JKEIIIey asChIHAA KOHE KAJBIITACKAH CYy PEeCypCcTaphbl
OOMBIHIIIA CyFapMaJbl €TICTIK XKEP/IiH KOFAPFBIMYMKIHIIUTIK ay/TaHbIH aHBIKTAYyFa JKaFIall TYFbI3aIbl.

Tyiiingi ce3nep: ximMar, Oenri, OHIMILIIK, dNIEYET, Cy KUHAY, IKOJIOTHUs, KbI3MET, YJITi, CY, pecypc.
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MPUKJIAJTHAS MOJEJIb SKOJOT'MYECKOM YCJIYI'U —PA3BUTUSI
3KOJIOI0-9KOHOMHMYECKOI CUCTEMbI BOLOCEOPA BACCEMHA
TPAHCTPAHUYHBIX PEK
(na mpuMmepe O6acceiina pexu Tanac)

AnHoTtanusi. Ha ocHOBe KIIMMaTHYECKOTO MHJAEKCa OMOJIOrHYecKol MPOAYKTUBHOCTH JaHIIA(TOB MO
J.U. llamko pa3paboraHa MareMaTHuecKasi MOJelb OMOKIMMATHYECKOro MOTEHIMala BogocOoopa dacceiina
TPaHCTPAHUYHOM PEKU MPU €ro KOMILIEKCHOM 00YyCTpOHCTBE B BUAE KO3 (HUIIEHTA DKOTOTHUECKUX YCIIYT.
Janubiit ko3 GUIHEHTXapaKTepU3yeT MOTEHIHAILHYI0 BO3MOKHOCTD [TOBBIIICHHS HHEKCa OMOIOTHYeCKOM
MPOIYKTUBHOCTH JIAHAMIA(TOB, YTO MO3BOJSET OMPEACIUTh HKOJIOTHUECKYIO BOIO MOTPEOHOCTHU CpeliHe-
MHOTOJIETHHE pacrojiiaraeMble BOJHBIE PECYpPCHl B pa3pes3e aIMUHUCTPATUBHBIX PAHOHOB Ui OKa3aHMs
YCIIYT 10 MEJHOPAIlH CEIbCKOXO3SIMCTBEHHBIX 3eMellb Oacceiina TpaHcrpaHnuHoi pekn Tanac. [lpu aTomMB
paMKax reoMopQoJIOTHUECKON cXeMaTh3aluy pa3padoTaHHas MOJIENIb MO3BOJISIET OMPENEIUTh «IKCIOPT-
HUMIIOPT» SKOJIOTUYECKHUX YCIYT BOJHBIX PECYPCOB Ha MEKIOCYJAPCTBEHHOM YPOBHE C JIOJIEBBIM y4acTHEM,
00ecCIeunBaroIIne CO3JaHHE BHICOKOITPOIYKTUBHBIX U SKOJIOTUYECKU YCTOMUUBBIX THAPOArpoIanadTHBIX
CHCTEM C IIeJIbIO MOBBIMICHHS MPOIOBOJILCTBEHHONW O€30MAaCHOCTH HACEJICHHSI, MPOKUBAIOIIETO B AAHHOM
peruoxe.

Pazpaborana maremaTrueckast MOAEIb JJ1s 000 CHOBAaHHS IPEIEIIBHO - IOMYCTUMOM IO METHOPALIH
3eMellb ¢ y4eToM (DOpMHUPYIOLIMICS B Pe3yIbTaTe SKOJIOTHUECKUX YCIYT BOIHBIX PECYPCOB TPAHCTPAHUYHBIX
peuyHbIX OacceiHOB, TIe B KayecTBe TEOPETHYECKOro Oa3nca HCIOJIb30BaHA B3aHMMOCBS3b MEXKIY
OMOJIOTHYECKUMH BOJOMOTPEOHOCTSIMA PACTHTEIBHOTO M ITOYBEHHOTO TOKPOBOB CEIHCKOXO3SIMCTBEHHBIX
yroauii ruapoarpoiaHamadra, YTO Aajlo BO3MOXHOCTh Ha 0asze pacroiiaraéMblX BOJHBIX PECypCOB
OIPEICIUTh MAaKCUMaJIbHO-BO3MOKHBIEC TUIOLIAN OpOILIaeMBIX 3€MeNb B pa3pe3e reoMop(osiorHuecKoi
CXeMaTu3alluu TePPUTOPUH BoiocOopa Oacceiina peku Taiac.

KioueBble cjioBa: KIMMmar, MHACKC, MPOIYKTUBHOCTh, MOTEHLIMAN, PEKa, 3KOJOTHS, YCIyra, MOACIb,
BOZIa, pecypc.
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