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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 /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.
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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 ofthe 21st century. Climate change manifests itselfin
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 oC 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 km2 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
ofthe republic is in the Pamirs with a total area of 8500 km2[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 territory 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 km3year (116.5 km3year is natural river runoff) and about 32.0-33.0 km3year is return water.
Taking into account non-productive water losses, these resources do not exceed 125.0-133.0 km3year [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 ofthe Central Asia (SIC ICWC) in the middle of XXI the water deficit in the countries
ofthe Amu Darya basin will be 8-11 km3including a decrease in runoff from climate change in 1.5-3 km3.
At population growth rate of 320 Th. people, water demand will increase by 2.5 km3and economic growth
will require 1.5 km3 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 m3 per year to 2.150 m3. 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 ofthe water resources ofthe 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 ofthe 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. I.) 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).

www .ai.stanford.edu wwnmapsofworld.com
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/km2 ¢ sec. In the Abdukahor river basin on the upstream of Vanch river (the basin
area is 329 km, the share of glacial runoffis 42%) 28.4 1/ km2 ¢ 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 ofthe 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 ofthe river was made for the periods 1940-1970 and 1986-2018 (figure 2b). The
hydrograph ofthe 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 (3-10'3 “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 ofthe river runoff.

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 ofthe Vanch river for the period
1986-2018 is shifted to the left. Therefore, the maximum value of the water runoffis 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
ofthe 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.

month Ton/L

Figure 4 - Hydrograph of the Vanch river for the period 1940 -1970 (1), 1986-2018 (2) ()
and the average monthly discharge values of the Vanch river and atmospheric precipitation for the period 1940-2018 (b)

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 ofthe 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.

V. . Hopmatosl, B. B. NoHuapyk2 IN. . Hopmatos3, H. OguHaesl

ITapKuK MTTbLY yHUBEpeUTeTN [yiiaH6e, TaxLWCTaH;
2[lymaHckunid A. B. aTbiHAArbl KOMANOUATHLL XUMUS XIHE CY XUMUACHI UHCTUTYThI, KneB, YkpanHa;
Ly npobnemanapbl, rMAPO3HEPreTUKA XKIHE IKONOrMA UHCTUTYThI AH, [yliaH6e, TaxoKcTaH

KNWMATTbL, 03FEPY1 XXATAANABIHOATbI TPAHCLUEKAPANbLL
MAHOXX 03EH1 ArbICbl BAHY 03EH1HL, TMAPOAOTIUACHI

AHHoTauus. Cy pecypcTapbiHbIL, NpobaeManapbl XaHe KIMMATTbIL, dxahaHAbL, e3repy cangapnapbl rbiibIMU,
KOMAaHba/Ibl, TEXHWUKA/IbIK >K3HE 3KOHOMWKAa/IbIK 3epTTeyniepfi bIHTanaHAblpy T/ProiCbiHaH Kasipri yakbiTTa
OpTasnbik A3ns YLLiH e3eKn 60/bIn 0TbIp. 3KOHOMUKaHLIL TYP/i cananapbl MeH XasblKTbl CYMEH KaMTamachl3 eTy
npobnemackl XX racbipgpily 60, 70-KbingapbiHaH 6Gepi ceswe” an Cy TanwblibirbiHbIL Naiga 60nybl cy
Kaylwasgw TOKblpbiMamachiHbil, naga 6onybiHa anbin Kengr CogaH 6epi ranbiMap MeH XasblkapasibiK
KOraMfacTbIKTbIl, Cy npobremacblHa fereH Kbi3bIryWwblibirbl KapKbiHAbl TYPge ectr Courbl OHXbIILbIKTA
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3epTTeynep cy Kaywasgr npobneManapbliH LUeLyre TXenei Hemece >aHama 6GarbiTTanraH 50-geH acTam
Xanbikapanblk 6argapnamanap 6oiibiHWwa 63 Mesnnge >kypnslngl O wpAe aybln  LWapyawbiibirbl  MeH
rMApPOsHepreTMKaHbl aMblTyAbl >KOcnapnay Ken >arfaifa KanbinTacTblpy aiMarbiHblH Cy pecypcTapbiHbIH
arbimMaarbl Xargaibl MeH faMy nepcrneKTUBacbiHa 6aiinaHbICTbl.

Jewvek, OpTanblK A3uAHbIH TpaHCLLEeKapanblK e3eHaepl oraprbl Cy-mMy3 pecypcTapbiHbIH Xai-KyLUH XYyineT
TypZe 3epTTey XaHe >xallaHbIK Xbl/bIHY dXardaliblHAarbl cnaTTapbiH aHblKTay fa, ce3as, e3ekn 60nbIn oTbIp.

YKyMbICTbIH 3epTTey 06bekna - MAHLK TpaHcLleKapabiK e3eLl arblHbiHbIH 61pl - BaHy e3eHLuL 6acceiLu.

BaHy e3eHLWL, ruaponoruanblK pPeXxummile KIMMATTbIK (DAKTOPAbIH 3CepLl aHblKTay MakcaTbiHia 1940-
1970 »>x3He 1986-2018 >Xbuigapbl €3eHHLL CYy arbICbiHbIH €3repy CepLUHLL canbiCTbipy Xypnslngl. Erep
KapacTbIpbl/bIN OTbIpraH Ke3eHAe TemnepartypaHbiH TemeH e3repywt (3-103 °Chxbin) eckepeTwwl 6onca, OHAa
aTMocepasibiK XayblH-LUALlbIHHbIH 10 XXy31HAe TypaKTbl liaMachl Ke3Hae KaHfali qakTopnap e3eH arbiHbIHbIH OH
JaMy ypAroTepLUe bIKnan eTeTLl aHbIKTamagpl.

1940-1970 bingapbl xxaHe 1986-2018 xbingapbl 03eH rugporpadbiHbIH KypblibiCbiMeH 1986-2018 xbingapsbl
03eH rugporpadblHblH MaKCUMYMbIHbIH COMIFA bIrbICYbl aHblKTangpl. baiikanatblH Ky6ObifbiCTbl e3eHHLY ke3l
(My34aK) XbIfbIHY HITWXKeCLUe To3yra yLublpaiifbl X3He TbiIrbl3 eMEC, XbIPTblraH KypbinbiMabl 6114lpesl aerex
6omkam WweHbepsae Tycwalpyre 6onagbl. MyHAal KypbinbiMgap yLWLW arperatTbik TypneHalpygl xacay as acep
etenl. AfblHraH HaTWkenep HenslHae BaHy e3eHWIW, My3 aifblHbl arbic GOWbIHLIA aiTapblKTali KbiCKapyra
yLUbIpaiiapl fereH KopbITbIHAbI Xacangbl.

Ocblnaiiwa, BaHu eseHwwl 6acceiiHwae [MAHX TpaHCLeKapaiblK e3ell arbiHbiHbIH - 1956-2018 oK.
apasbIrbiHaarsl atmocepanbikK XayblH-LallblHbl TYpakTbl 60n4pbl, 6lpaK TemnepaTtypasbik TpeHA asjaraH ecyMeH
cunatTtangbl. 03eH arbiHbIH CasibICTbIPY el Ke3eHae - 1940-1970 »aHe 1986-2018 xbingapbl Xypn3Lwaa

TYViiH ceanep: Mamunp Taybl, MAHAX e3ell 6acceiiHy Kap, arbic, oporpagus, eseH BaHu, knumar, rugporpad.

V. W. HopmaTtosl, B. B. NoHuapyk2 . . Hopmatos3 K. H. OauHaesl

TafKNKCKWI HaLMOHaNbHBbIV YHUBepcuTeT, JyliaH6e, TamKuKuCTaH;
VHCTUTYTE KOMMOWUAHON XMUM 1 XMW Bogbl uM. A. B. [ymaHckoro, Knes, YKpauHa;
JNHCTUTYT BOLHBIX NPO6eM, TMAPOSHEPreTUKN 1 akonormn AH, JywaHbe, TagpKnkucTaH

FMAPONOINA PEKN BAHY MPUTOKA TPAHCTPAHUYHOWM PEKW MAHOX
B YCNOBUAX NSMEHEHUA KITMMATA

AHHoTauusa. Mpo6nembl BOAHbIX PECYpoB W MOCNEACTBWIA FN06ANbHOTO W3MEHEHWA KaumaTta SABAAKTCA
aKTyasibHbIMW W MPUOPUTETHLIMK B HacTosLLee Bpems Ans LieHTpasbHOM A3uK C TOUKU 3PEHWS CTUMYMPOBAaHUS
Hay4HbIX, MPUKNAAHbIX, TEXHUYECKMX W 3IKOHOMUYECKMX uccnegosaHuid. [Mpobnema BOL006ECMEUEHHOCTM
pasnyHbIX OTpacneli 3KOHOMUKM 1 HaceneHns owyuiaetca ¢ 60-70-x rogoB XX Beka, a npossieHus geuunta
BOZLbl MPMBE/N K MOSAB/IEHNIO KOHLEMLMN BOAHOM Ge3onacHOCTU. C Tex Nop BHUMAHUE YUeHbIX Y MeXAYHapOo4HOro
coobLLecTsa K BOAHOW Npobneme CTpeMUTENBHO BO3POC/IO0. B nocnefHee AecaTuneTne nccnefoBaHs NpoBoAWINCH
0JHOBPEMEHHO Mo 60siee Yem 50 MexayHapoaHbLIM MporpaMmam, npsmMo WY KOCBEHHO HarpaBieHHbIM Ha peLleHue
npo6nem BogHoOW 6e3onacHocTW. MnaHMpoBaHWe PasBUTMA CEbCKOrO X03AKCTBA U MMAPOIHEPTETUKM B PETMOHE BO
MHOIOM 3aBUCUT OT TEKYLLIEro COCTOSHWSA U MEPCMNEKTUB Pa3BUTUSA BOLHbLIX PECYPCOB 30HbI POPMUPOBAHMS.

CrefoBare/nbHO, CUCTEMATUYECKOE U3YYeHWe COCTOAHUSA BOAHO-/IEL0BbIX PECYPCOB BEPXOBbA TPAHCrPaHNYHbIX
pek LleHTpanbHOM A3uM M UX NOBedeHWE B YCNOBUSAX [N0GAIbHOTO MOTEN/EHNS, HECOMHEHHO, ABSETCS
aKTyaJTbHOIA.

O6BLEKTOM MCCe0BaHMA HACTOsLEl paboThl Bbin BacceiiH pekn BaHy - 0HOV 13 NPUTOKOB TPaHCTpPaHUYHOA
peku MaHoK.

C uenbio onpefeneHWs BAMSHUA KAMMATWYECKOro (haktopa Ha TrMApPONOrUYEcKUini pexum peku BaHu
MPOBEAEHO CpaBHEHWE AMHAMWMKW W3MEHeHWA BOAHOIO CTOKa pekn 3a nepuogbl 1940-1970 n 1986-2018 rr.
YcTaHoBMeHo, YTO CpefHeMecAYHOe 3Ha4veHWe CTOoKa BOAbl peku BaHu 3a nepuog 1986-2018 rr. npesbillaeT
aHaiornyHble 3HaveHus nepumoga 1940-1970 rr. M3meHeHue XapakTepa peyHOro CTOKa B [Ba nepuoja
CBWAETENCTBYET O BAMAHUN KIUMATUYECKMX M3MEHEHWI HA COCTOSHME NIef0BO-CHEXHBIX 3aMacoB GacceiiHa peku
BbILLE MO0 TeYeHNt. Ecnn yyecTb HU3KMe n3MeHeHMs TemmepaTtypbl (3-10-3 °C/roa) 3a paccMaTpyBaeMblil nepuog, To
MpW NPaKTUYECKM NOCTOSHHON BeMYMHbI aTMOCHEPHBIX OCaAKOB Takme (DakTopbl CMOCOGCTBYHOT MOMOXKMTENBHOM
TEHAEHLUMN Pa3BUTUSA PeYyHoro CTtoka. pu cocTaBneHuy rugporpaga peku 3a nepuofbl 1940-1970 rr. n 1986-
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2018 rr. 6bIN0 O6GHapY>KeHO CMellleHVe MakcuMyma rugporpada peku 3a nepuog 1986-2016 rr. BneBo, 4TO
yKa3blBaeT Ha paHHUIA Nepuoj TasHUA CHEXXHOrO MOKPOBA U fIeJHUKOB Ha peke Bblle MO TeyeHMo. Habnogaemoe
AB/IEHWE MOXHO OOBACHUTL B pamMKax MPeArosoXeHNs, 4To WCTOK PeKn (fefHVK) MOoABEpXeH pderpajauun B
pesynbTaTe MOTENSIEHUA U MPeLCTaBAseT CO60M He MOTHYIO, a PaspbIX/IEHHYIO CTPYKTYpY. [N Takux CTPYKTYp
[0CTaTO4HO HeboNbLIOro BO3felCTBMS, UTOObl NPOM3BECTW arperaTtHoe npeobpasosaHue. Ha OCHOBaHWK
MONYYEHHbIX pe3y/nbTaToB OblN1 CAenaH BbIBOG, YTO JIefHWKOBAsA MNMOWaAb Pekn BaHy Bbilwe NO TeYeHuto
nofgep>keHa 3Ha4UTeNIbHOMY COKPALLEHUIO.

Takum 06pa3om, Obl10 YCTAHOB/EHO, YTO B HacceiliHe peku BaHu - MpMTOKa TpaHCrpaHWYHOWM pekun MAHLK -
aTMoctepHble ocagku 3a nepuog 1956-2018 rr. ocTaBaMCh MPaKTUYECKM MOCTOSHHBIMMW, XOTS TeMMepaTypHbIii
TPEH[, XapaKTepr30Ba/CA HesHauMTENbHLIM MOBbILeHeM. CpaBHeHWe peyHoro cToka B Asa nepuoga 1940-1970 u
1986-2018 rr. NoKasano 3Ha4YMTESbHbIV POCT 3a NOCNEAHWIA NepUOS,

KntoueBble cnosa: [opHblii Mamup, 6acceitH peku MaHmpk, cHer, CTok, oporpagms, peka BaHuy, knumar,

ruaporpad.
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