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Introduction. Climate change is a serious problem for humanity. Influences of
climate change are sensed in around the world today. The Republic of Armenia as a
country with dry climatic conditions is vulnerable in the whole territory of country to climate
change. By the estimation of World Bank in the region of Europe and Central Asia
Armenia is one of the most sensible countries to climate change.

Marmarik River is used for the purpose of irrigation and water supply industries. The
river valley has great recreational opportunities: it operates a complex of summer holiday
homes. Marmarik reservoir has been built on the river in recent years.

Considering the role and significance of Marmarik River our aim is to identify,
analyze and evaluate the impact of global climate change on the river's maximum flow
and to assess the vulnerability and risk of maximum flow rate based on the selected
scenarios.

Stuff and method. The theoretical basis for solving the tasks are of research [1-4]
in particular are the research works about climate change and its effects’ mitigation. As
a methodological basis used by our scientific work are characterization, analysis,
statistical analysis, mathematical and correlation methods. As a basic material, maximum
flow, temperature and precipitation data have been taken from the Hydromet Service.

In the river basin hydrological and meteorological studies have been done beginning
from in 30 th century 20 th. Deficiency is that the basin studied very badly by
meteorological observation. In the basin in different years worked one meteorological
station (Hankavan) and two meteorological points (Aghavnadzor and Meghradzor). At the
present time (2015) in the river basin works only one meteorological station (Hankavan).
Also, during some period Hankavan was as a point (that is there were only precipitation
and snow cover observation) and as a meteorological station. So did not save continuity
of observations range. That is why in work have been used of observations of neighbour
meteorological station (Hrazdan) Hankavan.

A total in basin worked 9 hydrological point, 2 of which only a year, and 3 of them —
3 years. Now (2015) in the basin is working four hydrological point: Hankavan (1956-
2015) and Aghavnadzor (1396-2015), which situated on Marmarik river, Meghradzor
(1935-2015) and Tsaghkadzor (2010-15) which situated on the tributary of Marmarik
(Gomur and Tsaghkadzor).

Marmarik — the largest tributary of the river Hrazdan. It has a length of 97 km, the
catchment area is 418 sq.km or 14% of the total territory of the Republic of Armenia.
Marmarik river catchment located in the northern part of the Kotayk marz of the Republic
of Armenia and situated in the basin between Tsaghkunyats and Pambak, the average
height of 2300 m (fig. 1).

The river originates in the north-western slope of the Tsaghkunyats mountain range
with a height 2520 m. Its largest tributaries are Gomur, Erkarget and Ulashik. The relief

is typically mountainous basin, sharply dissected by valleys, gorges and valleys gorges.
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The catchment area is mainly dominated by water- resistant rocks. Almost 13% of the
basin, 55 sq.km, is covered by forest. About 35% of area is irrigated land.
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Figure 1. The river basin of Marmarik

In order to ensure a comprehensive science-based and rational use and protection
of water resources in the basin, as well as to preserve the natural flow of the river
according to the decision of the Ne 148 Council of Ministers of Armenia of 23 March,1981
in the upper reaches of the river Marmarik created hydrological reserve. The territory of
the hydrological reserve of 93,5 sq.km from the mouth of the river to the village Hankavan.

Currently, the water of the river Marmarik mainly used in municipal, irrigation
purposes as well as for industrial purposes and recreational purposes and Hrazdan power
plant and «Mica-Cement», CSC.

Stoke river formed the waters of streams flowing from mountain ranges Pambak and
Tsaghkunyats. It flows into the river Hrazdan, at 116 km above the mouth Marmarik
formed and flows exclusively on the territory of Armenia. The river of snow and rain
(74,8%) and underground (25,2%).

Results and discussion. The maximum flow values and their transition periods
are characterized by high volatility in recent years, which is not explained by the
simultaneous melting of snow, as well as climatic differences. According to the data taken
from Hankavan water metering observation point, the maximum recorded value in the
spring of 2007 on 11" of May was 33,4 m3/s, the smallest value recorded in 1989 on 24
of April 3,4 m3/ s.

The tab. 1 shows the average long-term data meteorological elements
meteorological station Marmarik.

Distribution of flow and water regime of rivers are the main characteristics in terms
of water resources, which depend on the power supply and the conditions of formation of
rivers and watersheds. Rivers of Armenia, including the river Marmarik, characterized by
periods of spring flooding (IV-VI), the summer-autumn and autumn-winter law water (tab.
2).
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Table 2. Characteristics of annual average values of runoff and annual distribution
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The pool Marmarik annual flow is characterized by a pronounced spring peak. The
relatively small increase in the second flow rate is sometimes observed during the autumn
rains. Minimum flow is observed in winter, when the power comes onlygroundwater.In
contrast to the general pattern of the water regime of the Araks basin, Marmarik basin
stands out for its originality. In Marmarik basin summer runoff (VII-VIII) exceeds the
autumn and winter runoff. The reason is that the river basin is relatively wet, high water —
a long, snow component plays an important role, whose influence is also stored on the
formation of summer flows.

Since March, an increase in water output, which peaks in May and has since June
exits the water is almost 2-3 times decreases and reaches a minimum in the period from
December to February (fig. 2).

o 80 -
()

7)) L
CO\ L
c 6,0 -E
5

2 4,0 -
2 r
o 20+
= C
o -

0,0 T T T T T T T T T T T 1

I NIV vV Ve Ve VI X X X XN
Months

Figure 2. Annual course of Marmarik river runoff in Hankavan points

During spring flooding often goes the maximum water flow of the river. The
maximum flow is usually formed in late April — early May, especially in the first half of
May. Inthe hydrological point Hankavan the earliest maximum flow observed in April (the
earliest — April 8, 2001, which amounted to 10,7 m3%/sec). The latest date the maximum
flow observed 10June 1981 (which amounted to 13,5 m3/sec). However in some years
(1965, 1979, 1982), the maximum flow observed in July (respectively 8, 5 and 28), and
in 1989 — 30 November, which was due to rains.

Of spring flooding the runoff is formed from snow and rainwater as well as through
underground component. So that is a mixed diet. During spring flooding a major role in
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feeding waters of the river belongs to melted snow and groundwater. 74 % of the flow
belongs to melted snow, 16 % - to groundwater, 10 %- to rainwater.
The annual flow of the river, in many cases due to the duration of the period of spring

floods and magnitude of observes the runoff (fig. 3).

For the assessment of maximum flow
vulnerability of the river has been used regression
model which provides high accuracy for the
mountain rivers. First of all there have been
established multi-correlation relations between
maximum flow, air temperature and precipitation
values. Then based on the selected climate change
scenarios there have been estimated the
vulnerability of the maximum flow.

The anticipated future changes of the
maximum flow have been estimated accoding to
three climate change scenarios (tab. 3): 1)
t+1.5; 0.9X,2) t+2.0; 1.1X,3) t+2.0; 0.85X .

In the Hankavan hydrological point of river
Marmarik observed trend growth of annual runoff
(1956-2014). The growth trend is also observed in
runoff during the flooding season. But during the
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Figure 3. Correlation link
between the values of spring
flooding and annual runoff in the
Hankavan hydrological point of

Marmarik river

period of water shortage observed decrease tendency in runoff.

Table 3. Dynamics change of maximum runoff in the Hankavan hydrological point of
Marmarik river according to the regional model PRECIS scenario 2

Values Dynamics
Equati s . maximum change of
quation cenarios runoff | maximum flow
m?3/sec m?3/sec %
Bazis* 30.1 0 0
QZO,OZXIV _1163tIV+01151tV +20.7 t+1.5 0.9X 12.9 -17.2 -57
t+2.0; 1.1X 12.5 -17.6 - 58
t+2.0; 0.85X 12.1 -18.0 - 60

*1961-1990, Qmax - Maximum flow river, t-air temperature, x- atmospheric precipitation

In the studied river basin there is a tendency to reduce the maximum flow (fig. 4).
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Figure 4. Dynamics change of maximum flow (m?®/sec) in the Hankavan hydrological

point of Marmarik river
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Conclusion. Thus, the study has shown that in the studied area the maximum flow
values are decreased. This pattern is typical for most rivers in Armenia.

It is clear that different climate change scenarios have given different results of
vulnerability of the maximum flow, but they are not so significant. In addition, there is
minimal vulnerability according to the 1nd scenario and maximum vulnerability according
to the 3rd scenario.

In the studied area on the 1nd scenario the maximum flow decreased (57 %)
compared with the baseline period (1961-1990).

It turns out that when the average value of air temperature increases about 2 °C and
precipitation value decreases in 0.15 % the maximum flow of Marmarik river will have the
biggest decreased (60 %).

So, in the case of possible change of climate the estimation of vulnerability of water
resources and realization of adaptation arrangements have important significance for
future development of economy of the republic and for improve of social conditions of
population. Productive using and protection of water resources in necessary to realize by
systematized and ecosystem approach. At the same time have to be account, that some
catchment basins are various ecosystem. Ecosystem studies require concrete
approaches and actions, which more correspond to conditions of ecosystems.
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OuiHka i ynpaBniHHS Npo6nemMolo pM3uKy MakCMManbHOro CTOKY BECHAAHOrO BOAOMINISA Piukn
Mapwmapik

MapeapsiH B.T".

O6z20o80opeHo i nnpoaHanizoeaHo MakcuMmarbHuUl cmik piyku Mapmapik, aHanisysanacs i oyjiHrosanacs
OuHaMiKka 3MiHU MaKcuMalrlbHO20 CMOKY 8ECHSIHO20 8000niNnNs Ha OCHO8i 0bpaHux cueHapiie 0nsi OUiHKU
ypasnueocmi ma pu3uky.

B sikocmi esuxiOHo20 mMamepiasly eukopucmosgyegasnucsi 6azamopidyHi ¢hakmuyHi CrioCmMepeX eHHs
«Cnyx6bu rno zidpomemeoposiozii ma akmugHo20 ernnugy Ha ammocghepHi seuway MHC Pecnybniku
BipmeHis ujo0o makcumarnbHO20 CMOKy, memrepamypi nogimpsi i ammocgepHux onadis.

PigHuti cmik piuku Mapmapik xapakmepu3yembCsi ICKpago 8UPaXXEHUM 8€CHSIHUM koM. 3 6epesHs
criocmepizaembcsi 36inbweHHs1 cmoKy 800U, sike docsieae MakCUMyMy 8 MpPasHi i 3 YHePBHS - 3MEHUWEHHS,
Malixe 6 2-3 pasu, i docsieae MiHiMyMmy 8 rnepiod 3 epyOHsi no rmomul. BiOHOoCHO Heeernuka rnoemopHe
36inbweHHsT cmoky iHOOi cnocmepieaembcs id Yyac ociHHix douwiig. i@ yac eeCHsiIHOI rnoeeHi 3asgudyali
criocmepizaembcsi MakcuMarnbHUl cmik 8odu pidku. MakcumanbHuUl cmik 3a3sudal popMyembCs 8 KiHUi
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K8ImHs - moYamky mpaeHsi, 8 ocobriugocmi e rnepuwliti Mo08UHI MpPasHsi.

Bnnue 3miHu kniMamy sid4ysaembcsi Cb0200HI 8 ycboMy cgimi. Pecriybriika BipmeHis sk kpaiHa 3
Cyxumu KniMamu4yHUMU yMo8aMu epasfnuea Ha ecili mepumopii kpaiHu 0o 3MmiHu KniMamy. Tak, Ha
eidponoeiyHomy nocmy AHkasaH Ha pidui Mapmapik criocmepicacmbca meHOeHuiss 00 3MeHWEeHHSs
MakcumarbHO20 CMOKY, | 8 Mol Xe 4Yac - meHOEeHUisi 3p0CMmaHHs PiYHO20 CMOKY | CMOKY 8eCHSIHO20
eodorninns.

B pe3ynbmami docnidxeHHs 3'acyearocs, Wo pi3Hi cueHapii 3MiHU KriiMamy 0arnu pi3Hi pe3ynbmamu
8i0XUrIeHHs 8i0 MakcuMaribHO20 CMOKY: MaKcuMalsibHa epa3asusicms 8idrnogioHo Ao mpemb020o cueHapiem.
Y docnidxysaHoi obniacmi 3a 3-my cueHapieM MakcumarnbHul cmik 3meHwuecsi (Ha 60%) y nopieHsIHHI 3
6aszosum nepiodom (1961-1990).

Knroyvoei cnoea: makcumarnbHUl CmiK, 8eCHsIHE 80001, PUSUK, yrpaesiHHS, npobremu, piyka
Mapmapik.

OueHkKa v ynpaBrneHue npobriemMon pucka MakCUMaribHOro CToka BeCeHHero nosioBoAbs Peku
Mapmapuk

Mapeapsin B.T".

Obcyx0eH u npoaHanu3upoeaH MakcuMalsbHbIlU CMOK peku Mapmapuk, aHanusuposanacb U
oyeHusanacb OuHaMuKa U3MEHEHUsI MaKCuMarbHO20 CmoKa B8eCeHHe20 [10/10800bs Ha OCHO8e
8bI6paHHbIX cueHapues 07151 OUEHKU ysI386UMOCMU U pUCKa.

B kayecmee ucxo0Ho20 Mamepuara ucrosb308anuck MHO20/1emHue hakmuyeckue HabrodeHus
«Cnyx6bl no audpomemeoposio2uu U akmueHoMy 8030elicmeuro Ha ammocepHblie serneHus» MYC
Pecnybnuku ApMeHusi No MakcumarnbHOMY CMOKY, memrepamype 8030yxa u ammocghepHbim ocadkam.

l'odoeoli cmok peku Mapmapuk xapakmepu3yemcsi SpKO 8blpaxeHHbIM 8eceHHUM rnukoMm. C Mmapma
Habmodaemcsi ysernuyeHue cmoka 800bil, Komopoe O0ocmuezaem MaKkcuMyma 8 Mae U C UKHS -
yMeHbweHue, nodymu 6 2-3 pasa, u docmuzaem MuUHUMyMa 8 nepuod c Oekabpsi o pesparsib.
OmmHocumernbHO HebobLWOE MOBMOPHOE y8erudeHuUe cmoka uHoz0a Habnodaemcs 80 8PEMSI OCEHHUX
Ooxoeli. Bo epemsi eeceHHez20 10/10800bs1 06bIYHO Habrodaemcsi MakcuMmarbHbIU CMOK 800bI PEKU.
MakcumarnbHbili cmok 00bI4HO ¢hopMUpPYyemcs 8 KOHUe arnperns - Ha4yase Mas, 8 0cobeHHocmu 8 rnepsoll
rono8uHe masl.

BriusHue uameHeHusi knumama owyuaemcs ce2o0Hsi 80 gcem mupe. Pecriybrniuka ApmMeHus Kak
cmpaHa ¢ CyXumu KuMamu4yecKuMU yCriogusiMu ysi3guMa Ha ecell meppumopuu cmpaHbl K USMEHEHUI0
knumama. Tak, Ha audposioeudeckoM rnocmy AHkasaH Ha peke Mapmapuk Habnodaemcss meHOeHus K
YMEHbUWEHUK MakcuMasibHO20 CmokKa, U 8 mo Xe apemMsi - meHOeHyuUsi pocma 20008020 CmoKa U cmoka
8eCeHHe20 010800bA.

B pesynbmame uccriedosaHus 8bisICHU/IOCh, YMO pa3Hble CUeHapuu U3MeHeHUs Kriumama danu
pasHble pe3ynbmambl OMKIIOHEHUSI OmM MaKCUMaribHO20 CImoKa: MakcumalbHas ys38UMoCmb 8
coomeemcmeuu ¢ mpembsuM cueHapueM. B uccnedyemol obnacmu no 3-My cueHaputo MakcumarbHbIl
cmok ymeHbuwurncs (Ha 60%) o cpasHeHuto ¢ 6asossim repuodom (19671-1990).

Knroyeebie cnoea: MmakcumarbHbIA CTOK, BECEHHEEe MONOBOAbE, PUCK, yNpaerneHue, NpobremMbl,
peka Mapmapuk.

Assessment and management challenge of maximum river flow of the spring flood risk of
Marmarik rivers

Margaryan V.G.

In the work discussed and analyzed the maximum runoff of river Marmarik, analyzed and evaluated
the dynamics of change of the maximum runoff, based on the selected scenarios to assess the vulnerability
and risk. Daily data of actual observations of the Ministry of Emergency Situations of the Republic of
Armenia “Service for Hydrometeorology and active influence on atmospheric phenomena” meteorological
stations for the studied area were used as a source material: maximum runoff, air temperature and
atmospheric precipitation.

The pool Marmarik annual flow is characterized by a pronounced spring peak. Since March, an
increase in water output, which peaks in May and has since June exits the water is almost 2-3 times
decreases and reaches a minimum in the period from December to February. The relatively small increase
in the second flow rate is sometimes observed during the autumn rains. During spring flooding often goes
the maximum water flow of the river. The maximum flow is usually formed in late April — early May,
especially in the first half of May.

Influences of climate change are sensed in around the world today. The Republic of Armenia as a
country with dry climatic conditions is vulnerable in the whole territory of country to climate change. So, in
the Hankavan hydrological point of river Marmarik observed trend growth of annual runoff. The growth trend
is also observed in runoff during the flooding season. In the studied river basin there is a tendency to reduce
the maximum flow.
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Itis clear that different climate change scenarios have given different results of vulnerability of the maximum
flow: maximum vulnerability according to the 3rd scenario. In the studied area on the 3nd scenario the
maximum flow decreased (60 %) compared with the baseline period (1961-1990).

Keyword: maximum flow, spring flood, risk, management, challenges, Marmarik river.
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OVHAMIKA PIBHA BOOHOI MOBEPXHI CACUKA
HA PISBHUX ETANAX ICHYBAHHA BOOOUMU

Knroyoei cnoea: numaH-o3epo,; sodocxosuwie Cacuk; pexxum pieHie; amrimyda KofiugaHb
pieHsT 800U.

Bctyn. Pexum piBHIB BOAM € OOHMM 3 HaWbinbll BaxknMBUX TigpOSOriYHMUX
NoKasHuKiB BogHMX 06’ekTiB. PiyHMI Xig piBHA BOOHOI MOBEPXHi (CTaTU4Hi KONMBAHHSA
piBHS) BigobOpaxae Ce30HHI 3MiHM o06’emy BoOAHMX Mac, OBYMOBIEHi AWHaMIKOK
CKNnagoBuMx BOAHOro 6GanaHcy Ta perynoBaHHAM CTOKY, a AWHaMiyHi, abo
KOPOTKOCTPOKOBI, KONMMBAHHS XapakTepusyTb pyX Boan y Bogonmi [1].

Ha BogocxoBuwax KonNuMBaHHA piBHSA BOAWM OOYMOBMEHI K NMPUPOOHIMU sIBULLAMMN
(Hanpuknapg, BITPOBUMM 3riHHO-HAriHHUMK AeHiBensuiaMu, NepekocoM piBHS Mig, BNIVBOM
Pi3HOCTI aTMOCHEPHOro TUCKY B PI3HMX YaCcTUHAX BOLOWMMU, NMPUPOLHOK 3MIHOK CTOKY
pivoK, WO BNagakTb Y BOAONMY), TaK i BNAMBOM pobOTU rigpoTEXHIYHUX Copya.

BuxigHi nepegymoBu. Bogocxosuule Cacuk, sike CTBOpeHe Ha 6a3i o4HOMMEHHOro
NPUYOPHOMOPCLKOrO fNMMaHy-o3epa, 3HaxoauTbcs nobnuady genbtn [yHawo (puc.1).
3rigHo 3 pisHMMK KnacudikauisMmm B npupogHoMy cTaHi Cacuk BiAHOCMBCS 0O CepenHix
3a nnoLleto, nonirannMHHUX 3a COJSIOHICTIO BoA [2], 3aKpUTMX 3 ICTOTHUM (CE30HHUM)
HaAXOKEHHAM PIYKOBOro CTOKY Ta 3 eni30anUYHUM 3B’A3KOM 3 MopeM numaHis [3]. BiH €
Hernmboko BogonMoto (cepedHs rmubuHa — 1,9-2,0 M npu MakcumaneHin 3,2-3,3 M) 3
nnouleto aksatopii 208-210 km?. Cacuk Mae rpyLoBuaHy opmy, BUTATHYTY 3 NiIBAHA Ha
NiBHIY Ha 35 KM 3 MakcumarnbHOK LWMPUHOK 11-12 kM [2-5].

B npupogHomy ctani Cacuk maB nepiogMyHum 38’530k 3 XKebpiaHCbkOo ByxToro
YopHoro mopsa 4epes npopsu Ta npopaHu. OB’em BoaM y BOOOWMI, B OCHOBHOMY,
ctaHoBuB 380-430 mnH M3 i 3anexas Big kniMaTUYHUX AKTOPIB, CTOKY PivoK KormnbHuK
Ta CapaTta | HasIBHOCTI HagxomKeHHs Mopcbkoi Boau. 3 1978 poky (nicns
AHTPOMOreHHOro nepeTBOpPeHHS BOAONMM) 06’eM BOAM NOYaB KOHTPOMOBATUCS LUTYYHO.
Ha cborogHi cdopmoBaHui  Binbli-MeHW  cTabinbHUW  pexum  ekcnnyaTauil
BOOOCXOBULLA, 06'EM AKOro KOHTPOMETLCS Y BCTaHOBNEHUX mexax: PMO cknagae -1,0
m BC (Bionosigae o6’emy 266 mnH m3), HMP ctaHoButb 0,20 M BC (npu o6’emi 500
MITH M3).

CTauioHapHi cnocTepexeHHs 3a pexxnmMmom piBHiB Boan Cacuka novanuca B 1940 p.
[6], ane 4yepes BOEHHI il WBMAKO 3ynuHUNNCA. Po3pidHeHHI gaHi € nuwe 3a 1946-1953
poku. TOCTiMHI crnocTepeXxeHHs Ha rigponoriyHoMy nocty B €. bopucieka [yHancbkoro
rinpomeTeoponoriyHoto obcepsatopieto (AMMO) noumHatotbes 3 1981 poky nicns
CTBOPEHHSA BOAOCXOBULLA.

Y HaykoBin niTepaTypi NUTaHHA pexuMmy piBHiB Cacuka nigHimanocsi B poboTax

ISSN:2306-5680 Tigponoris, rigpoximis i rigpoekonoris. 2018. Ne 4 (51)

63



