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HYDROLOGY OF THE VANCH RIVER
THE TRIBUTARY OF THE TRANSBOUNDARY PYANJ RIVER
UNDER CLIMATE CHANGE

Abstract. For the period 1958-2018, the atmospheric precipitation in the Vanch river basin remained almost
unchanged, due to the free penetration of wet masses of Mediterranean and Caucasian cyclones and the relatively
weak influence of orography of the mountainous area. The average annual temperature of the considered period is
characterized by weak increases of 3-10-3 °C/year. The effect of climate change on river runoff was determined by
comparing their values in the two periods 1940-1970 and 1986-2016, which showed a significant increase for the
period 1986-2018. The Vanch river hydrograph in the corresponding periods showed the shift of maximum runoff
value to the left, which indicates an early period of melting of the snow cover and glaciers on the river upstream.

Keywords: Mountain Pamir, Pyanj river basin,, snow, runoff, orography, Vanch river, climate, hydrograph.

Introduction. The modern stage of the development of mankind proceeds in the face of constant
challenges caused by global climate changes that make significant changes to the functioning of
ecosystem components. Now all the efforts of human thought are aimed at developing mechanisms to
mitigate the negative impacts and consequences of climate change and to adapt the entire sphere of
activity to its cataclysms.

Climate change has become the greatest danger of the 21st century. Climate change manifests itself in
the form of irregularities and disturbances in the climate cycle because of an increase in the temperature of
the Earth due to global warming. Meteorological observations confirm that between two 30-year control
periods of 1942-1972 and 1973-2003, surface temperatures in Central Asia increased by 0,65 °C. The
serious effects of climate change have already begun to manifest, and the latest example of this is that
2016 has overtaken 2015; It was the warmest year in history. According to the analysis of the World
Meteorological Organization (WMO) of the United Nations Climate Agency, the average global
temperature in 2016 was 1.1 °C above the previous period [1].

Among all the components of the ecosystem, the mountain ecosystem is the most vulnerable and
particularly sensitive to climate change. The current trend in the development of natural phenomena
(climate warming, emergency situations, etc.) is of particular concern to mountain countries and stimulates
the adoption of drastic measures to mitigate the effects of climate change.

For example, by the Decree of the Government of the Republic of Tajikistan dated May 3, 2010
No. 209, for the continuous monitoring and study of glaciers in Tajikistan, the State Program for the Study
and Preservation of Glaciers of the Republic of Tajikistan for 2010-2030 was approved. The need to
approve such a program is justified by the fact that despite the small area (slightly more than 10% of the
total area of Central Asia), Tajikistan has more than 11,000 km?® of glaciation area, occupied by more than
14 thousand glaciers and forms more than 65% of the region’s water resources. The main glaciation zone
of the republic is in the Pamirs with a total area of 8500 km”[2].
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The problems of water and the consequences of global climate change are relevant and priority now
for Central Asia for stimulating scientific, applied, technical, and economic research. The problem of
water availability in various sectors of the economy and population has been felt since 60-70 years of the
20th century and manifestations of water scarcity has led to the concept of water security. Since then, the
attention of scientists and international communities to the water problem has increased rapidly. In the last
decade, studies have been conducted simultaneously on more than 50 international programs, directly or
indirectly aimed at solving water security problems [3].

Water resources in the Aral Sea Basin, whose territiory belongs to five states former republics of
USSR in Central Asia, are mostly used for irrigation and hydropower engineering. These water users
require river runoff to be regulated with different regimes. The aim of the hydropower engineering is the
largest production and, accordingly, the utilization of the major portion of annual runoff of rivers in the
winter, the cjldest season of the year. Irrigation requires the largest volume to be available in the summer,
during the vegatation period. River runoff regulation is exercised by large reservoirs, which, along with
hydropower stations are operated as part of complex-purpose hydrochemes. The largest hydropower
stations have been constructed in the republics of the runoff formation zone in the upper reaches of the
Amudarya and Syrdarya rivers — in Kyrgyzstan and Tajikistan, while the major land areas to be irrigated
are concentrated in the repumlics in the lower reaches of the rivers-Kazakhstan, Turkmenistan and
Uzbekistan. The problems of water resources use and appropriate river runoff regulation were solved in
the USSR by administrative-command methods, based on nationwide interests. The situation has radically
changed after collaps of the Soviet Union and the formation of five independent states in Central Asia.
The conflict of interests between hydropower engineering and irrigated farming has become evident and
acquired transnational significance [4].

The total surface runoff resources in the Aral Sea Basin in the average water content year are no more
than 148.5 km’/year (116.5 km’/year is natural river runoff) and about 32.0-33.0 km®/year is return water.
Taking into account non-productive water losses, these resources do not exceed 125.0-133.0 km’/year [5].
Natural flow resources in the Aral Sea Basin are completely exhausted and the region's economy is
developing in conditions of increasing water scarcity. Their total use already is 130-150 % in the Syr
Darya basin and 100-110 % in the Amu Darya basin [6,7].

Mountain watersheds serve as important water sources by providing fresh water for downstream
human activities [8,9].

As a result of snow and glacier melt, the magnitude and timing of runoff from these watersheds tend
to be very sensitive to changes in the climate [10,11]. Changes of melt runoff may even affect the
sustainable development of downstream cities in the long run [12,13]. Geographic areas where the water
cycle is dominated by snow and glacier melt hydrology are expected to be more susceptible to climate
change as it affects the seasonality of runoff [14]. Changes in seasonal snow covered and glaciated regions
may alter the variability of stream flow and hence water availability that sustains a large population
downstream. Despite its regional importance, there is uncertainty associated with the rates and magnitude
of climate change impacts on snow cover and snow and glacier melt hydrology. These climate driven
responses of mountainous river hydrology when combined with potential land cover changes, population
growth, and already stressed water resources may pose significant challenges for this region. Regional
climate projections by IPCC (2007) indicate Central Asia to be warmed by a median temperature of 3.7°C
by the end of the 21stcentury, with largest warming over higher altitudes particularly in the Tibetan
Plateau and the Himalayas [15].

In the Amu Darya and Syr Darya basins, meltwater resources contribute 69% and 79%, respectively,
to mean annual streamflow, and the share of seasonal snowmelt by far outweighs that of glaciers.

According to the forecast data of the Scientific Information Center of the Interstate Coordination
Water Commission of the Central Asia (SIC ICWC) in the middle of XXI the water deficit in the countries
of the Amu Darya basin will be 8-11 km® including a decrease in runoff from climate change in 1.5-3 km”.
At population growth rate of 320 Th. people, water demand will increase by 2.5 km® and economic growth
will require 1.5 km® of water. Due to the melting of glaciers, the water content of transboundary Amu
Darya and Syr Darya to decrease by 12-15% by the middle of the century. For the past 35 years, water
supply per capita in the Aral Sea basin has decreased from 4.500 m® per year to 2.150 m’. Nevertheless,
the countries of Central Asia occupy the leading places in the world in terms of water consumption per
capita [10].
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Planning the development of agriculture and the hydropower industry in the region is largely
dependent on the current state and prospects of the water resources of the formation zone.

The results of studies on the establishment of the climate-forming role of Pamir, as well as
significant differences in its climatic zones, are widely presented in the work [16] on the example of snow
cover formation and atmospheric precipitation on the upper parts of the Transboundary River Pyanj of
Central Asia. It has been found that the formation of snow cover and the spatial distribution of
atmospheric precipitation in mountain Pamir is determined by the orography of the terrain.

On the border of the Southern and Central Pamir zones, the vertical gradient is about 40 mm for every
100 m of height, which indicates foothills that are more humid and the existence of wide basins that have
an open exit to the West, to meet the wet air flows. As the air current moves deeper into the mountain area
and passes through the ridges, the moist air converts moisture and becomes dry [16].

The average annual amount of atmospheric precipitation in the Eastern Pamir is insignificant and
varies between 40-140 mm with an average long-term value of about 76 mm [17]. The lack of
precipitation in the Eastern Pamir is due to that in the Western Pamir which is characterized by high
mountain ranges (5000-6000 m a. s. 1.) moist air is discharged with heavy precipitation, and the air that
passes through the ridges of the Western Pamir becomes dry [18].

Objects and Methodology. The object of research is Vanch river Basin.The meteorological and
hydrological data presented by the Agency for Hydrometeorology of Tajikistan were used. Statistical data
processing to determine the trend of changes in meteorological and hydrological parameters and Vanch
river hydrograph was used.

Hydrology of the Vanch river of the tributary of the Transboundary Pyanj river. The
penetration of air masses from the Mediterranean and Caspian seas is also characteristic of the Vanch
River basin. The Vanch River is one of the tributaries of the transboundary Pyanj River that is formed
after the confluence of equivalent rivers Kasholyakh and Abdukahor (figure 1).
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Figure 1 — Maps of Pyanj river basin

The Vanch is a representative of river arteries, in the formation of runoff of which an important place
is played groundwater, dictated by the geological structure and distribution in the basin of permeable
rocks. Measurements carried out in 1965 showed that the annual runoff module in the basin of the
Geographical society glacier on the upstream of Vanch River (basin area 206 km, the share of glacial
runoff 62%) is 15-60 I/km® - sec. In the Abdukahor river basin on the upstream of Vanch river (the basin
area is 329 km, the share of glacial runoff is 42%) 28.4 1/ km® - sec [19]. The general tendency reduction
of glaciers in Central Asia in the last century also covered the glaciers of the Vanch river basin. The
processing of satellite images LANDSAT ETM + and TERRA (ASTER) allowed the authors [20,21] to
establish that the glacier area of the Vanch river basin for the period 1961-2000 decreased by 23.4% and
throughout the basin of the transboundary Pyanj river by 32.7%.
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The average annual runoff of the Vanch river in relation to the long-term for the period 1940-2018 is
present on the figure 2a.
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Figure 2 — The runoff (a) and hydrograph (b) of the Vanch river
in relation to the long-term for the period 1940-2018

The period is characterized by an increasing trend of river flow. In order to determine the influence of
the climatic factor on the hydrological regime of the Vanch River a comparison of the dynamics of
changes in the water flow of the river was made for the periods 1940-1970 and 1986-2018 (figure 2b). The
hydrograph of the river for two periods (1940-1970, 1986-2018) presented on the figure 2b. It can see that
the average monthly value of the water flow of the Vanch River for the period 1986-2018 exceeds the
analogous values of the period 1940-1970. The nature change of river runoff in two periods indicates
about the impact of climate change on the state of the ice-snow reserves of the basin on the river upstream.
If take into account the low temperature changes (3-107 °C/year) for considered period, as can be seen
from figure 3a and the almost constant value of atmospheric precipitation (figure 3b) then what factors
contribute to the positive development trend of the river runoff.
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Figure 3 — A change of temperature (a) and atmospheric precipitation (b)
in relation to the long-term value in the Vanch river basin for the period 1956-2018

To receive an answer to this question the Vanch river hydrograph make up in the form shown on the
figure 4a. As can see from the figure 4a the maximum of the hydrograph of the Vanch river for the period
1986-2018 is shifted to the left. Therefore, the maximum value of the water runoff is observed earlier than
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the corresponding value of the period 1940-1970. The observed phenomenon can be explained in the
framework of the assumption that the source of the river (glacier) is subject to degradation as a result of
warming and is not a dense but loosened structure. For such structures, a small impact is sufficient to
effect an aggregate transformation. Based on the obtained results it can be concluded that the glacial area
of the Vanch river upstream is subject to a significant reduction. In order to establish the type of supply of
the Vanch river it is sufficient to look to the figure 4b.
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Figure 4 — Hydrograph of the Vanch river for the period 1940 -1970 (1), 1986-2018 (2) (a)
and the average monthly discharge values of the Vanch river and atmospheric precipitation for the period 1940-2018 (b)
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As can be seen from figure 4b, the maximum amount of precipitation in the Vanch river basin is
March-April but the maximum runoff of the river is July. This means that the Vanch river is characterized
by glacier feeding. Naturally, the contribution of seasonal snows to the formation of the river's water flow
is not excluded. The value of water flow observing on the figure 4b indicates the predominance of the
glacial feeding of the river.

Conclusion. It has been established that in the Vanch River basin, the inflow of the transboundary
Pyanj River the precipitation for the period 1956-2018 remained almost constant although the temperature
trend was characterized by a slight increase. Comparison river runoff in the two periods 1940-1970 and
1986-2018 was showed a significant increase for last period. The Vanch river hydrograph in the
corresponding periods showed the shift of maximum runoff value to the left, which indicates an early
period of melting of the snow cover and glaciers on the river upstream.

H. I1I. Hopmaros', B. B. FOH‘lapyKZ, I1. 1. HopmaTOB3, K. H. Oqunaes’

'"Tamxuk yarTeIK yHuBepcuTeTi, lymante, ToxikcTas;
*Jlymanckuii A. B. aThIHIaFbI KOJUIOUATHIK XMMHUS XKOHE Cy XMMUACHI HHCTUTYTHI, KieB, Ykpanua;
°Cy npoGnemanapsl, THIPOIHEPreTHKA %KoHe dKonorus uHcTuTyThl AH, Jlyman6e, ToxikcTan

KJIMMATTBIH ©3T'EPYI )KAF JAUBIHJIAFbI TPAHCIIEKAPAJIBIK
IIAHIK ©3EHI ATBICBI BAHY O3EHIHIH 'HIPOJIOT' UACHI

Annotanusi. Cy pecypcTapbIHBIH MPOoOJieMaiaphbl KOHE KIUMATThIH XahaHIbIK €3repy cayigapiapbl FHUIBIMU,
KOJIaHOANIbI, TEXHUKAIBIK JKOHE JKOHOMHUKAJBIK 3CpPTTCYJCpIl BIHTATAHIBIPY TYPFHICHIHAH Ka3ipri yakbITTa
Optanbik A3us YIIH ©3¢KTi OOJBIN OTHIP. DKOHOMUKAHBIH TYPIIi cajajapbl MEH XaJIBIKTHI CYMEH KaMTaMackl3 €Ty
npobiemacel XX racweipabi 60, 70-xburmapblHaH Oepi ce3iinell, an cy TaNIUbUIBIFBIHBIH Taiiga Oomysl cy
Kayimnci3miri TYKBIPRIMIAaMaChIHBIH Taina OoxysiHa anem kenmi. ComaH Oepi FaIBIMIAp MEH XallbIKapallblK
KOFaMJIaCTBIKTBIH Cy MpOOJIEeMACchlHA JIETEH KbI3bIFYIIBUIBIFBl KAPKBIHIBL Typlae ©cTi. COHFbI OHXKBUIIBIKTA
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3epTTeyNiep Cy Kayimci3miri mpoOiieManapblH IIENryre Tikeledl Hemece jkaHama OarpITTanFaH 50-7meH acram
XallbIKapanblK Oarmapramanap OoifplHIIA Oip Me3rime >Kyprisingi. OHipae aypul IIapyallbUTBIFBl  MEH
THIPOIHEPTETHKAHbl JIaMbITyIbl JKOCIHIApiay KeIl >KarfJai[a KaJbIITACThIPY aNMarbIHBIH Cy peCypCTapbIHBIH
arbIMIAFbI JKaFAaiibl MEH JaMy MEpPCIEKTUBAChIHA OalIaHBICTHI.

Hemexk, Optanblk A3UsSHBIH TpaHCIIEKapablK ©3€HAEPi KOFAPFbl CY-MY3 PeCypCTapbIHBIH JKail-KyHiH Kyiieni
TYpZAE 3epTTey XKoHe kahaHIbIK KbUIBIHY JKaFAaiibIHAaFbl CHIIATTaPbIH aHBIKTAY J1a, CO3CI3, ©3€KTi OOJIBII OTHIP.

KymbicTbiH 3epTTey 00bekTici — [TsHIK TpaHcIIekapabiK 03¢Hi aFbIHBIHBIH 0ipi — BaHu e3eHiHiH OacceiiHi.

BaHu e3eHIHIH THAPOJOTHIIBIK PEXHMIHE KIMMATTHIK (DaKkTOpIBIH ocepiH aHbIKTay MakcaTbiHga 1940-
1970 xoHe 1986-2018 »kbpumapbl ©3€HHIH Cy arbIChIHBIH ©3repy CepIiHIH CalbICTBIPy JKypriziami. Erep
KApacTBIPHUIBII OTHIPFAH Ke3GHAE TeMIepaTypaHbH ToMmeH esrepyin (3:10° °C/xbur) eckeperin Gosca, oHzma
aTMocdepanbIK >KayblH-IIAMIBIHHBIH iC JKY3iHJIE TYpaKThl IIaMachl Ke3iHJe KaHaail (akropiap e3eH arbIHBIHBIH OH
JlaMy YpAiCTepiHe BIKIaJl eTeTiHI aHBIKTaJIa Ibl.

1940-1970 xpummaps! xxoHe 1986-2018 )puimapsl O3eH runporpadbsIHEH KYPUTBICBIMEH 1986-2018 xbuimapbt
OzeH THIpOTPaBIHBIH MaKCHMYMBIHBIH COJIFa BIFBICYBl AHBIKTANIBL. balKamaTelH KYOBUIBICTHI ©3€HHIH Ko3i
(My311aK) >KBUTBIHY HOTHXKECIHIE TO3yFa YIIBIPAWIBI KOHE THIFBI3 €MeC, JKBIPThUIFaH KYPBUIBIMABI OiAipeni JereH
OomkaM nieHOepiHae TyciHmipyre Oosaabl. MyHIai KypbuibIMAAp YIIIH arperaTThlK TYpJICHAIPYI Xacay a3 acep
eTell. AJIBIHFaH HOTWKeNlep HeridiHie BaHu e3eHiHIH My3 ai/iblHbl arbic OOMbIHINA aNTapibIKTall KbICKapyFa
YIIBIPANABI AETEH KOPBITHIHIBI KacaJIbl.

Ocebutaiiia, Banu e3eHiHiH OacceliHinge [IsHmK TpaHCIeKapaiblK ©3€¢HI aFbIHBIHBIH 1956-2018 xok.
apanbIFbIHIAFEl aTMOC(EpabIK JKaybIH-IIAIBIHBI TYPaKThl 00Jibl, Oipak TeMmIepaTypalblK TPEH a3JaraH eCyMeH
CHUMaTTaNbl. ©3€H aFbIHBIH CaNbICTHIPY €Ki keenae — 1940-1970 sxone 1986-2018 sxpimapsl xKypriziani

Tyiiin ce3nep: ITamup Taysl, ITsHmK 03eHi OacceliHi, Kap, arbic, oporpadus, e3eH Bany, knumar, rugporpad.

M. I1I. Hopmatos', B. B. Fonuapyx?, I1. U. Hopmaros®, K. H. Onunaes'

'"TaKkuKCKHil HalMOHATbHBIH yHUBepcHTeT, Jlymante, TaIKHKICTaH;
2I/IHCTMTyTe KOJUIOMIHOM XUMHUHU U XUMUU Bonbl uM. A. B. Jlymanckoro, Kues, YkpanHa;
3 WHcTuTyT BOAHBIX MPpo0JsieM, ruaposHepreTuku u skonorun AH, Jlyman6e, Tamkukucran

TUIPOJIOTUS PEKM BAHY IPUTOKA TPAHCTPAHUYHOM PEKU IISAH]TK
B YCJIOBUAX UBMEHEHUSA KIIMMATA

Annotanusi. [TpoGnemMbl BOJHBIX pPECYpOB M MOCIEACTBHH TIIOOAIBFHOTO W3MEHEHHMsS! KIMMaTa SBIISIOTCS
aKTyaJIbHBIMM U IPHOPUTETHBIMH B HacTosiee BpeMms A LleHTpansHOH A3UM ¢ TOYKH 3pEHUS CTUMYIHPOBAHUS
HAay4HBIX, IPUKIAJHBIX, TEXHHYECKHX M 3KOHOMHYECKHMX wucciaenosaHuid. IIpobiema BomoobecmedeHHOCTH
pa3IMYHBIX OTpacield SKOHOMHKH W HaceneHus omymaercs ¢ 60-70-x romoB XX Beka, a MPOSBICHUS IehUIINTA
BOJIBI ITPUBEJIN K MOSBJICHUIO KOHIETIIIMN BOIHOHM Oe3omacHocTh. C TeX Mop BHUMAaHHE YUEHBIX U MEXKITyHapOIHOTO
coo01iecTBa K BOAHOW MpobiieMe CTpeMHUTENBHO BO3pocio. B mocieanee pecstuneTne ncciaeq0BaHus TPOBOIMINCH
OJIHOBPEMEHHO 110 6osiee yeM 50 MeXIyHapOAHBIM ITPOrpaMMaM, IPSMO MM KOCBEHHO HAalpaBIEHHBIM Ha pelleHue
npoOsiemM BogHOI Oe3omacHocTu. [lnannpoBanue pa3BUTHA CENBCKOTO XO3SIHCTBA M THAPOSHEPTETHUKH B PETHOHE BO
MHOT'OM 3aBHCHUT OT TEKYIIETO COCTOSIHUA ¥ IEPCIEKTHB PAa3BUTHUS BOAHBIX PECYpPCOB 30HBI (GOPMUPOBAHUSL.

CrenoBatenbHO, CHCTEMaTHIECKOE M3YUE€HHE COCTOSIHUS BOAHO-JIEAOBBIX PECYPCOB BEPXOBBS TPAHCTPAHHMIHBIX
pex LlentpanpHoli A3MM M WX NOBEIEHHE B YCJOBUSAX IJIOOAIBHOTO IOTEIUICHUS, HECOMHEHHO, SBIISETCS
AKTyaJIbHOM.

OOBeKTOM HccieoBaHus HacTosieil paboTsl OblT OacceiiH pekn BaHu — 0[{HOI M3 MPUTOKOB TpaHCTPAaHUYHOU
pexu TIsHmxK.

C nenbro omnpefereHHs BIMSHHMSA KIMMaTHYeckoro (akropa Ha THAPOJIOTHMYECKHH pPeXuM peku Banu
MPOBEICHO CpaBHCHHWE IWHAMHUKHA HM3MEHEHHS BOJHOTO CTOKa peku 3a mepuoabl 1940-1970 u 1986-2018 rr.
VYcTaHOBIEHO, YTO CpeAHEMECSYHOE 3HA4YeHUE CTOKa BOJbl peku Banu 3a mepuon 1986-2018 rr. mpessimaer
aHajloruuHble 3HaueHus nepuoga 1940-1970 rr. V3MeHeHue XapakTepa pe4YHOro CTOKa B JBa IepUoJa
CBUJICTENBCTBYET O BIMSIHUU KIMMAaTHYECKUX M3MEHEHHH Ha COCTOSHHE JIe0OBO-CHEXHBIX 3allacoB OacceifHa peKu
BBIIIIE TI0 TeueHHI0. Eciii yuecTh HU3KHE U3MEHEHHUS TeMIIePaTyphI (3-107 °C/rox) 3a paccMaTpHBaeMBIil IEPHO, TO
IPH PaKTHYECKU MTOCTOSHHOHM BEIMYMHBI aTMOC(HEPHBIX 0CAIKOB Takhe (haKTOPhI CIIOCOOCTBYIOT IOJIOKUTENBHOM
TEH/CHIINH Pa3BUTH PEYHOTO cTOKa. [Ipm cocrtaBmeHmm rupporpada peku 3a mepuoabl 1940-1970 rr. m 1986-
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2018 rr. OpUTO OOHapyXKEHO CMeIIeHHe MakcmMmyma ruzaporpada pekm 3a mepuon 1986-2016 rr. BumeBo, 9To
yKa3bIBaeT HAa PAaHHUI MEPHOA TasHUsS CHEXHOTO IOKpOBa M JISTHUKOB Ha peKe BhIIIE 10 TeueHuto. Habmromaemoe
SBJICHUE MOXXHO OOBSICHUTH B paMKax IMPEIIOJIOKEHUs, YTO MCTOK PEKH (JEJHMK) IOJBEPXKEH Jerpajalud B
pe3yJbTare MOTEIJICHUsI M TPEJICTaBIsIeT co00i He IUIOTHYIO, a Pa3pbIXJICHHYIO CTPYKTYpy. sl Takux CTPYKTYp
JOCTaTOYHO HEOOJBLIOr0 BO3ACHCTBHUs, 4YTOOBI INPOM3BECTH arperatHoe IpeoOpazoBanue. Ha ocHoBaHMH
NOJyYCHHBIX PE3yJIbTaTOB OBUI C/ENIaH BBIBOJ, YTO JIGAHUKOBAs IUIOIIAAb PEKH BaHu BBILIE 10 TEYCHHIO
MO/IBEPIKEHA 3HAYUTEILHOMY COKPAICHHIO.

Takum 06pa3om, OBIIO YCTaHOBJIEHO, YTO B OacceliHe pekn Banu — npuroka TpaHcrpannuHoi pexu ITsHmK —
aTtmocdepHble ocanku 3a nepuoj 1956-2018 rr. ocTaBalnCh MPAKTUUECKH MOCTOSHHBIMHU, XOTS TEMIIEPaTYpPHBIN
TPEH]I XapaKTepHU30BaJICA HE3HAYUTEIbHBIM MOBBIIIeHHEM. CpaBHEHHE pEeuHOro CToka B ABa nepuona 1940-1970 u
1986-2018 rr. moka3ano 3HaYUTEIbHBIA POCT 3a TIOCIEAHUNA TIEPHO.

KuaroueBnbie cioBa: Topuerii [Tamup, G6acceitn pexu [Isamxk, caer, CTok, oporpadus, peka Baxu, kimmmar,

ruzaporpad.
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