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This study examines hydrological regime of Apareservoir and its vulnerability
caused by climate change. Statistical models fi@cfasting of maximum fullness level
and water inflow were developed in scope of thislgt The developed models and the
results derived from Community Climate System Mod€C&SM4) model are used
for assessment of climate change impact on theakpaaservoir hydrological regime.
The results show high vulnerability to climate cpanlin particular, the reservoir's
maximum fullness water level is expected to de@edasfuture due to significant
temperature increase, and the decrease can reatth 1ipn by 2100 under RCP8.5
scenario. By contrast there are high variablity Bovder consistency in the results of
vulnerability of water inflow and surface runoff mth attributed to the high
uncertainties in precipitation projections.

Keywords. Aparan reservoir, maximum fullness level, surfacmoff depth,
climate change, precipitation, river inflow, vulaeiity.

Introduction

It is of great importance to estimate the vulndiigbof water resources,
maximum fullness of reservoirs, as well as watéown from rivers in Armenia
under the global climate change conditions. Thieedgirovides an opportunity
to develop a rational usage and planning of wateources during the year,
contributing to a number of water-related issues rigks. In order to analyse a
hydrological regime, it is necessary to study metlegical conditions, since
the role of meteorological factors in the formatiohhydrological regime is
significant.

Aparan reservoir is one of the major strategicailfynificant water objects
in Armenia. Aparan reservoir was built in the mielflows of Kasakh river, at
an altitude of 1800 metre (m) (Fig.1a) b)). In tase of normal headwater level
(NHL) - 1835.0m, the volume is 91.0 million*nand the water surface area of
the reservoir is 7.3k Dead storage capacity level is 1810m (volume -
6.48million n7). The watershed area of reservoir is 65§kwhile weighted
average height of the basin is 2280 metre abovenreea level. The reservoir's
watershed area is composed of relatively young arotc rocks, and it is
characterized by a mountainous relief and deepey&ll{ uapomereopoo-
THYeCKuil pexxuM o3ep u Bopoxpanmwiuiy CCCP, 1985).
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Fig.1. Topography maps of Armenia a) and catchraszd of Aparan reservoir b).
Black triangle - Aparan meteorological station, tehiriangle - hydrological stations,
grey triangle - Araran reservoir-Hartavan hydrotagdjistation.

The basin's climate is moderate, with short coohreers and relatively
cold winters. In summary, the main climatic elersemifluencing the cha-
racteristic of reservoir's hydrological regime ansufficient moisture, sharp
seasonal fluctuations of air temperature and pitatign, low wind speed and
the lack of forest cover in the basin. Accordingtite observational data of
Aparan meteorological station (1890m) over 196186 average annual
temperature is 4%C, while that for the warmest (July) and coldesin(iary)
months are 16.9 and -8@ respectively { hdwjulul nbkntjwghp I vwu,
2011). The amount of annual precipitation is 723rRrecipitation are distri-
buted inhomogeneously during the year, the maxinsuabserved in the May-
June period. Snow cover forms every year, andrét@ned from the beginning
of December to the beginning of April. Ten-day ager snow cover height is
48cm in the first decade of Marchjhuwjuljut mbkntlwghp I dwu, 2011).

The recent studies demonstrated that Armenia isceffl by extreme
precipitation events, heat waves, droughts, anuifgignt temperature increase
has been observed due to climate change, parficulduring the summer
season (Gevorgyan et al. 2016). However, a litttwkwhas been done on
studying climate change impact on water resourne8rimenia, focusing on
assessment of vulnerability of hydrological regime.

Data and Method
This study uses hydrometeorological observatioretivark of Aparan
catchment area (fig.1.b)). The water inflow and mmsm fullness level forcas-

ting for Aparan reservoir is based on the staasticegression method
(Teopruesckuit, [llanoukux, 2007).
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First, long-term observational data on daily averagater level and
maximum fullness level obtained from Hartavan hyagical station (Fig. 1.b)
and air temperature and precipitation obtained frparan meteorological
station were used to develop statistical forecgstmethod for Aparan reservoir
maximum fullness levelH,,...) during spring floods based on multifactorial
correlation analysis (equation (1)):

Hmn.r =1813.21 + ﬂﬂgiz XA;:H:‘R::IE—HI - 0'24TA;JR:'R:':H -
D'E4TA;JR:"R::H.{ - 0'4?51:’1;:1:2:"&:1!&' + +2'?2kXApm'sz&'

(1)

whereX X — total precipitation amount for the station andnths indicated in
the index, T - mean monthly air temperature for gtation and months
indicated in the indexAT - air temperature anomaly relative to the norm of
April, k - module coefficient of precipitation for April.é. the relative value of
precipitations with respect to climatological norit)should be noted that period
of 1968-2004 was considered for development oéthetion (1).

Aparan reservoir water inflow was defined as a safrobserved river
inflow and estimated lateral flow components foe thntire catchment area
(UdEuwdjm vfjuutp, 1968-2017). As predictors, observational data on air
temperature and precipitation obtained from Apargeorological station and
from high mountain Aragats (3229m) and Amberd (20)Ineteorological
stations were used. Although Aragats and Amberceanetogical stations are
located outside of the Aparan reservoir catchmegt,athose successfully
represent climatic conditions of elevated partsthaf basin. The prognostic
equation for prediction of water inflowl) to the reservoir during spring
floods was obtained and presented in equation (2).

H'r:”i-'—'i-'f Aparan —
_82.02"' G'IJEZXA;I:HJ"?:: Xr-rm + G'GSEEXAJ‘RJFE ¥rrr—=rnr +

0.18%.X

-
amvera i—ur — —3-771

Aragac Ll (2)
The variables used in equation (2) are similanasguation (1). Again, the
period of 1968-2004 was consideredfor developmétiteequation (2).
The performance of the developed statistical m@tatiips presented in
equations (1) - (2) were estimatdda¢rasienue mo ciyxbe mporaozos, 1962,
Wilks, 2006). First, permissible error for foredagt was estimated:

o, = 40.6740, where o -standart deviation. Then, the root-mean

permizsible

square error (RMSE) was evaluated following thea¢iqn [T (ym )%
§= |22
LY n
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where, 5 - RMSE, y- observed, ang forecasted valuesy - the number of
values in the series.

The assessment of future climate change impactdrological regime of
Aparan reservoir has been performed using climbhtnge projections of the
Community Climate System Model 4 (CCSM4) developgd\ational Canter
for Atmospheric Research (NCAR). The CCSM4 mode$ laa 1.25°%0.9°
spatial resolution, and it is considered as redivhigh-resolution model
among the global climate change models. The CCSMdemuses updated
physical parameterizations (cumulus convection mehea high-accuracy
radiation scheme), as well as, new land modelsaamdsol effects on clouds
(Gent et al., 2011). The CCSM4 was validated aretl sy Gevorgyan et al.
(2016) for assessment of temperature change pimjecin Armenia over 71
century. Other recent studies demonstrated thaC@8M4 model was among
the successful models from the list of models idetli in phase 5 of the
Coupled Model Intercomparison Project (CMIP5) (Mo and Govorkova,
2013). The two high climate change scenarios ugsethis study for future
precipitation and temperature change assessmeRGP8.5 (A2) and RCP6.0
(B2) scenarios. In order to downscale the CCSM4ehodtput data to the area
of Aparan reservoir (Figure 1.b)) the simple bitinéterpolation was applied.

Hydrological regime of Aparan reservoir

Hydrological regime of Aparan reservoir is sigréitly affected by
anthropogenic factors, i.e. the regulation and ajg@r of the reservoir's daily,
seasonal and multi-year modes of water resour¢cemder water level increase
in reservoir is associated with spring floods, gremaximum level is observed
in the end of spring and at the beginning of therser. Mean water level
increase consists of 21cm per day during the sploagls. As irrigation season
begins, the accumulated water in the reservoimtensively used and the water
level is reduced (July-October). The filling of theservoir begins immediately
after irrigation season. However, due to low watethe rivers, total increment
of water level consists of, on average, 1.8m, fifdovember to March, i.e.
approximately at a rate of 1cm per d@yhuwljwi, 2011). In some years
(1989, 2003), when the autumn rains were interfge tdtal increase of 350-
400cm was recorded. The most severe episode gfwater level increase was
observed March 5 - 6 of 2004 with the rate of 39@&nday. During those days
mean daily temperatures were above normal valued®§3C at Aparan
meteorological station resulting in rapid snownait water level increase of
the reservoir. Aparan reservoir, in 1968-2017, tedally filled 8 times (1969,
1976, 1978, 1993, 2006, 2007, 2010 and 2011), viniome dry years water
of Aparan reservoir was used for irrigation leadioglecrease of water storage
below the dead storage capacity level. The wateel lef Aparan reservoir
mainly varies from 1812 to 1816m. Aparan reservbisides Kasakh river,
collects water from the nine other rivers, the nustminent from which are
rivers Gegharot, Ttujur, Kuchak, Eghipatrush (tBhl.
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Table 1
Mean monthly and annual inflows to the Aparan resielover 1968-2017

. Jan]| Febl Mar | Apr [May| Jun| Jul] Aud Sep| Oct|Nov] Dec] Year
Rivers - —
Water inflow volume, milion m
Kasakh 1.241.20(3.22|110.4/9.29/4.62|1.92| 1.33|1.41|1.42|1.41|1.34| 38.8
Gegharot 0.650.56| 0.86|1.84| 3.45|5.50( 5.45| 2.55|1.40(1.09|0.85|0.87| 25.1
Ttujur 0.27/0.27|1.15|4.45|3.34| 2.45|0.71| 0.45| 0.22{ 0.33| 0.36| 0.25| 14.3
Kuchak 0.160.19/0.61|1.87{0.74|0.28|0.26/0.19| 0.19| 0.21{0.24|0.22| 5.16
Eghipatrush| 0.170.19|0.53|1.67|1.81|1.15/0.54|0.34|0.12|0.32|0.38|0.24| 7.46
Lateral flow volume, milion
Entire
C?fg;“;”t 0.84|0.82|1.88|5.53|4.71| 2.21| 1.12| 0.74| 0.46| 0.84| 0.83] 0.81| 20.8
Aparan res.

It can be seen from Table 1 that the main rivedifegthe reservoir, is Ka-
sakh River originating from Pambak mountain rangaraund 2200m (fig.1.a).
The length of Kasakh River is 89km, and the basgmas 1480k The
absolute maximum discharge was recorded in Vardebservation post of
151n¥/s (on 12.04.1972).The water inflow to the resantbrough the main
rivers is determined using the data obtained froenttydrological observation
posts located near the reservoir, while the latboal is determined using the
empirical link, which was tested for the South Geus [mapomereopoio-
rHYecKuii pexxum o3ep u Bomoxpaummuiy CCCP, 1985). Overall, Tab.1. shows
that the peak in both water and lateral inflowsliserved during the spring
flood period (April-June) when water inflow consisif 45-65 % from the total
water inflow.

Results
Forecast of spring maximum fullness level and wateinflow

Statistical estimates of the relationships for nesi€s maximum fullness
level and river inflow forecasts are presentechin2.

Table 2
Statistical characteristics of relationships faefmasting of Aparan reservoir's maximum
fullness level {, ., equation (1)) and water infloviliy _y; 4paran . €Quation (2))
during spring floods over period 1968-2004

Parameter Correlation S 10.674c
coefficient, R - (%)
Hmn.r 0.91 0.41 91
M{'V—W Aparan 0.86 0.52 81
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Table 2 shows that the developed statistical mratiips are characterized
by quite high correlation coefficients and low RMS(Eelative tca). Therefore,
on the basis of the guidelines on hydrological dasts PyxosoactBo 1m0
ruaposioruueckuM nporuo3am, 1989) the developed forecasting equations can
be used in our further assessments of the compooémtater regime of Aparan
reservoir. In order to validate the developed stiaal methods of forecasting

Hpae and Wi vy 4poran W€ evaluated forecasts of those hydrological
parameters over independent period 2005-2017 (taiul3ab.4).
Table 3
The results of verification of Aparan reservoir'aximum fullness levels forecasts over
2005-2017 0oz siie = 12-98,m
Maximum level, m Bias, m

Year observed forecasted ogggre\(/::t?éi—s) Accuracy

2005 1832.65 1831.45 -1.20 justified

2006 1835.15 1835.61 0.46 justified

2007 1835.00 1832.26 -2.74 justified

2008 1824.35 1822.63 -1.72 justified

2009 1828.26 1827.87 -0.39 justified

2010 1835.19 1834.25 -0.94 justified

2011 1835.15 1830.79 -4.36 not justified

2012 1825.79 1826.58 0.79 justified

2013 1828.56 1826.48 -2.08 justified

2014 1821.22 1820.64 -0.58 justified

2015 1826.26 1826.77 0.51 justified

2016 1828.65 1824.67 -3.98 not justified

2017 1827.19 1826.96 -0.23 justified

It can be seen from table 3 that forecasté gf,.. based on equation (1) are
generaly underestimated relative to observatiosvaver, in the most of cases
we obtained successful forecasts, and only twoctsts (2011 and 2016) from
13 were out of permissible range estimatedt@s98 m (0, missipie)- It 1S
worth noting that very dry conditions prevailed 2016, and precipitation
amount at Aparan station in April was 35 % relativ&orm.

Tab.4 presents the results of verification of resiels water inflow
forecasts. Overall, the application of equation gB)duced successful water
inflow forecasts, and significant deviations relatto observations are obtained
for 2006, 2008 and 2014 when the magnitudes othstbiases exceeded the
permissible range estimated &sl6.0,million m®. Again, 2008 and 2014
were characterised by significant dryness, andrebdevater inflows consisted
of 19.0-20.0 million M The significant negative bias was obtained fod&0
(- 48.9 million nf). High water inflow observed during spring floofl 2006
was affected by significant amount of precipitatiarbeginning of the spring
flood period, i.e. in April when monthly precipitan amounts exceeded the

18



norm by three times, while precipitation amount doid period (up to March)
is considered in equation (2).

Table 4
The results of verification of Aparan reservoirater inflow forecasts during the spring
floods over 2005-201%,, . ipie = +16.0, million m?
Water inflow, million n? Bisas, million
vear observed forecasted (r)nbgfé)rr\?;:t?;gss-) Accuracy
2005 75.5 63.2 -12.3 justified
2006 75.1 26.2 -48.9 not justified
2007 59.7 45.0 -14.7 justified
2008 19.0 48.7 29.7 not justified
2009 33.6 27.5 -6.1 justified
2010 33.0 48.7 15.7 justified
2011 63.9 49.0 -14.9 justified
2012 25.2 37.0 11.8 justified
2013 33.9 33.4 -0.5 justified
2014 20.4 4.4 -16.0 not justified
2015 35.3 33.4 -1.9 justified
2016 26.9 40.9 14.0 justified
2017 24.1 23.8 -0.3 justified

Climate change impact on hydrological regime of Ap@n reservoir

The study area is greatly affected by climate chafite results of assess-
ment of climate change impact over the catchmesa dased on observational
data of Aparan station over 1935-2015 showed thataverage annual air
temperature has increased by 2@%the norm is 4°C). Furthermore, since
1994 annual average temperature anomalies rekatimerm were mostly posi-
tive (except for 2011). 2010 was the warmest yeitin positive temperature
anomaly of 2.8C. It is worth noting that temperature increaseharacterized
by well-defined seasonality. Thus, the most sigaifit temperature rise is
observed in summer season, and the frequency siuinatner days were increa-
sed during the last 20 years (1998, 2000, 2006,28i®). The precipitation
amount changes are also characterised by diffeldencies in different
seasons. For instance, during 1935-2016, in Apegaarvoir's catchment area
the precipitation amount is mostly increased, whilethe autumn it was
decreased by 20.1% relative to norm. In particullae, precipitation amount
over 2011-2017 was abnormally low during the autumamths, leading to low
spring floods. In order to assess climate changeaanon characteristics of
hydrological regime of Aparan reservoir during #iest century we applied the
developed equations presented in previous sediiimate variables included
in equations (1) — (2) were derived from climatarfe projections of CCSM4
model already used in previous studies over Arméhajhuuh thnihnjunti-
pjut dwuht tppnpn wqqujhtt hwnnppugpmipinit 2015, Gevorgyan et
al., 2016). We selected the two high scenarios liohate change, namely
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RCP8.5 (A2) and RCP6.0 (B2) scenarios. Thus, futhenges in air tempera-
ture and precipitation for Aparan reservoir’'s cateimt area is assessed for the
21th century and the results are presented in $&blnd 6. It can be seen from
Table 5 that CCSM4 model predicts steady and sagmf temperature increase
during the 21st century over the catchment areapdrticular, temperature
increase is much stronger during the summer, amarsitime temperature
increase can reach up to ¥0at the end of century under RCP8.5 scenario. On
the other hand, precipitation change projections enaracterized by high
variability and uncertainties with both precipitati increase and decrease in

future (tab.6).
Table 5

Seasonal and annual air temperature norms (forerefe period of 1961-1990) and
changesAT) over Aparan reservoir catchment during the 2éstury according to the
CCSM4 model under RCP6.0 (numerator) and RCP8 fofdaator) scenarios

Periods Winter Spring Summgr  Autumn Yea
1961-1990 (normSC) 7.2 3.8 15.8 6.6 4.7
2011-20404T) 1.3/1.6 1.4/1.5 1.8/2.0 1.4/1.6 1.0/1.f
2041-20704T) 2.712.7 2.5/2.8 3.0/3.9 2.4/3.3 2.8/3.4
2071-21004T) 3.7/4.5 2.714.2 3.7/6.0 3.1/4.6 3.5/5.L
Table 6

Seasonal and annual precipitation norms (for ref@eeriod of 1961-1990) and
changes/, %)over Aparan reservoir catchment during the 2é&stury according to the
CCSM4 model under RCP6.0 (numerator) and RCP8 fofdaator) scenarios

Periods Winter Springl  Summer Auturﬂm Yea

1961-1990 (norms, mm) 137 226 222 138 723
2011-2040 4, %) 7.4/-10.3| 3.3/5.4  -14/-25| 6.3/-0{6 1.2/3)9
2041-20704, %) 5.8/15 4.4/1.00 -16/-8.0 3.2/10  -0.4/4{1
2071-21004, %) 8.1/85 | 2.2/-1.1 -9.1/-30 -6.1/11 -0.4/-1.0

The results of vulnerability assessment of Aparaservoir maximum
fullness levels and river inflows associated wiimate change are presented in

tab.7.
Table 7

The results of vulnerability assessment of Apaeservoir maximum fullness levels
and water inflows during the spring flood period@sated with future climate change

Reference] 2040 2070 2100
value RCP 6.0 RCP 8.5 RCP 6.0]| RCP 8.5/ RCP 6.0 RCP 8.5

H,..m | 18350 | 1827.7 1827.4 1824/5 18260 18259 18P4.4
Wyy_y, minn?|  65.0 693 | 506| 626/ 725 589 606

Parameters
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Tab.7 shows, that reservoir maximum fullness wédeel is expected to
decrease in future due to significant temperatoicesase leading to increase in
evaporation from the reservoir surface. The deerg@als,, ,.reachs up to 11m
through 2100 under RCP8.5 scenario. The latter ledltl to reducing of the
Aparan reservoir maximum capacity by 55-56 milliahcompared to present
maximum capacity (91 million i By contrast there are high variablity and
lower consistency in the results of vulnerabiliti water inflow. Thus, the
results based on RCP8.5 scenario indicate watlemirdecrease in 2040, then
water inflow increase in 2070, while in 2100 it Wdecrease again. According
to the RCP6.0 scenario in 2100 the water inflow wdgnsists of 58.9 million
m®, which will be lower than the basis inflow by @illion m. It should be
noted that changes in water inflow are mainly dejpem precipitation changes
also characterized by quite variable regime dutfireg21st century (tab.6).

Finally, spatial analysis of vulnerabiltiy asseseatrof runoff depth during
the spring flood over Aparan reservoir basin isspreéed in this study. The
runoff depth is equivalent to mean water depth (row®r the entire catchment
area resulting from surface runoff. The spatiakriigtion of climatological
(1961-1990) runoff depth over Aparan reservoir takiring spring floods is
presented in fig.2.a)Altmac mpupOAHBIX YCIOBHH M €CTECTBEHHBIX PECYPCOB
peciyonuku Apmenns, 1990). It can be seen from fig.2.a) that surfageoff
depth is distributed inhomogenously over the ca#mintaused by mountain
topography. In particular, high surface runoff dept400-600 mm) can be seen
over high-elevated parts of the cathcment areaachemaised by high snow
cover, humidity and precipitation, while those ol@wr-elevated areas are less
than 100mm. On the basis of estimated changebBlip_,.;in future presented
in Tab.7 spatial maps of river runoff were estindaer 2040, 2070 and 2100
(fig.2.b)-d)). It should be noted that only RCP8cenario is considered here.
Fig.2.b)-d) show that the surface runoff will expece both decrease (2040 and
2100) and increase (2070) in future associated wafevant changes in
precipitation.
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Fig.2. Climatological (1961-1990) and projected acef runoff depths (mm) over Aparan
catchment area during spring floods. a) 1961-1980i{c npupOAHBIX YCIOBHIA H €CTECTBEHHBIX
pecypcos PA, 1990), b) for 2040, c) for 2070, d) for 2100 (CCS&Model, RCP 8.5 scenario)

Conclusions and discussions

The reservoir's maximum fullness water level iseztpd to decrease in
future due to significant temperature increase, taeddecrease can reach up to
11m by 2100 under RCP8.5 scenario. By contrasetaer high variability and
lower consistency in the results of vulnerabilitf veater inflow and surface
runoff depth attributed to the low consistency iregipitation projections
derived from CCSM4 model. Further work on improviof assessment of
water balance elements of the reservoir, hydrofdgmodelling and exami-
nation of extreme hydrometeorological events shbeldonsidered in future. In
particular, examination of changes of precipitat@mount by precipitation
types (liquid, solid and mixed) is expected to sabally improve our vulne-
rability assessment. It is obvious that temperaituceease in future is expected
to cause decrease in snow and increase in raginte#o significant changes in
the river flow and its pattern of seasonal distifiu Another important
meteorological parameter affecting hydrologicalimeg of Aparan reservoir is
wind speed which is of great importance for adegeatimation of evaporation.
Therefore, the above meteorological parametersi@ghmiconsidered in future
works.

It should be noted that the results of this studylmased on application of
statistical model, while application of numericgidiological models is expec-
ted to improve the assessment of water resourceésrirenia. It is also an
important issue to improve climate change projestiosing high resolution
climate prediction models, e.g. The Coordinatediéte Downscaling Experi-
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ment (CORDEX) which would enable us capturing ragldeatures of climate
conditions over a mountain region like the studiadin.
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PyKoBOJCTBO IO THApoJorudeckuM mporHosaMm. 1989, Bem.l. Jlonrocpodnsie IPOrHO3BI diIe-
MEHTOB BOJJHOT'O PeXXUMa peK U Bogoxpanuiuiy, JI., Tuapomereonsnar, 357.

Reviewer A.Arakelyan
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UNULULE QFUULUCE 2P COTLNGRUYUL MEFhUP 40U
YLhUUSP NONNPE3UL ULTESNRE3UL FLUZUSNRT

Uqhqut L.9., @unpgyut U.U., Uhuwuljwuu U.E., Fwuhtjwuu U.Q.,
Ughqul 2.2.

Udthnthnid

Uguwwnwtipp ihpjws £ Uywpwih gpudpwph hhnpninghwlut
ntdhuh nundtwuppdwip b Yjihdugh thnthnpjunipjut yuydwubbpnud
npu pjungbjhnipjutt quuwhwwndwip: Suptwbwghtt upupnudubph pb-
pugpnid opudpwip ghnnwghtt ukphnuph b wpwybkjugnyt (gyubdnipyjut
duljupnulh juthunbudwt hwdwp oquugnpdyt) £ dhqhljughdw-
Jugpuljut dbpnnp b dowldt) ki puquugnpént nkgptuhnt juuybp:
Upujws Juytpny b Y hdwjuljut Zudwljupgh Unpky 4-hg (CCSM4)
Jtpgyws wpnnitpubpny quwhwwnydt) k Yihdwgh hnthnjumpjut wqpb-
gnipyniup opudpwph hhnpninghwlwi pkdhuh Jpu: Zwdwduy wp-
myniupubph, nphnynud E §ihduwgh thnthnjunipjut tfundwdp pupdp jun-
ghjhnipni: Uwubwynpuy by, jubhpwnbuynid £ wyuqund obp-
dwunhdwh qquh wgh htnbwupny opudpwph wrwybjugnyu 1gdw-
Snipjul twjupnuyh tjugnid, npp 2100pduljuthtt hwdwdw)u RCP8.5
ughtmph wpynitptbph Jupnn b hwutl] dhgh 11d: bull ghknwght
utiphnuph U hnuph sbkpinh pupdpmipjut jungbjhnipjut wpnniuput-
poid wolu b dbs hnhnpuwljuimpynih b gusp Juymbinipmt juw-
Jwé mbnnidubph jutiwnbunidubph kS wunpnonipjniutitph htwn:

- Zhnwgnumipniut hpwwtwgyl] £ 22 YU ghumpjut wk-
nwlul Yndhnkh npudunpus hiwbuwnpdudp’ «Ulhwbw 1he b 22
hunonp opwdpwpubp qupbwbwghtt yupwpnidubph pupwugpnid ghwnw-
jht ukphnuph b wpwybjugnyt dwljuwppujubph jubjpunbtunidutpp
U1hdwgh thnthnpunipjut wuydwbubpnid» 16YR-1E071 swslwqpny gh-
nwlut phdugh sppwtiwljutipnud:

OLEHKA BJIMAHUA W3MEHEHWI KJIMMATA HA
Ir'maPOJOTNMYECKHUU PEKUM BOJOXPAHUJIMILIA ATTAPAH

JI.B.A3uzsid, A.M.I'eboprsin, A.J.Mucaksu, A.I'.lanuensin, A.O.A3u3siH

Pesrome

B crathe paccMmaTpuBaeTcs THIPOMETECOPOIOTUYECCKUH pexuM ArmapaH-
CKOTO BOJIOXPAaHWIHIIIA U €Tr0 YS3BUMOCTh B YCJOBUSX HM3MCHCHHS KIMMATa.
Pa3paboraHbl cTaTucTHYECKHE MOJICNU JUIsS MPOTHO3MPOBAHUS PEYHOTO TPH-
TOKa U YPOBHS MaKCHUMAJILHOTO HAIOJHEHUs BOAOXpaHWIUIIa. /aHHbIe mOy-
YCHHBIC M3 MOJENU KIMMaTH4deckoil cucteMbl coobinectBa 4 (CCSMA4) uc-
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MOJTb30BAJIMCH ISl OLICHKU BIIMSHHSA W3MEHEHHS KIIMMAaTa HA THAPOIOTHYECKHUI
peXUM AIapaHCKOTO BOAOXPAHWININA. Pe3ynbTaThl MOKa3bIBAIOT BBICOKYIO
YSI3BEMOCTH K M3MEHEHHUIO KMMara. B wacTHOCTH, 0)KnmaeTcs, 4To B Oyaymiem
W3-32 3HAYUTEIHHOTO TOBBILICHUS TEMIIEPAaTyphl, YPOBEHb MAaKCHMAaJIbHOTO
HaTIOJIHEHHsI BOJOXPAHWIMIIA YMEHBIIUTCS, U 3TO CHW)KEHHE YPOBHS MOXKET
nocturayTh 11 M mo 2100cornacHo criierapuio RCP8.5.0mHako, B CBS3H BHI-
COKOW HEOIIPENEIEHHOCThI0 B OICHKAaX HM3MEHEHUS OCAJKOB, CYIIECTBYET
BBICOKAs HM3MEHUYMBOCTH M Ooyiee HHU3Kas COTJIACOBAHHOCTH B pE3yJIbTaTax
YSI3BEMOCTH PEYHOTO IIPUTOKA BOABI U CIIOSI CTOKA.

- HccnenoBanue BeIMONHEHO Npu (UHAHCOBOM moanepxke [ocymapct-
BeHHOro komureTa o Hayke MOH PA B pamkax Hayuynoro npoekra Ne 16YR-
1E071 - &IporHo3mpoBaHHE PEYHOr0 NpUTOKa B o3epo CeBaH W KpYIHBIC
BoJloxpaHwinina PA, ux MakCUMaJIbHBIX YPOBHEH BO BpEMsSI BECEHHETO MOJIO-
BOJIbSI B YCIIOBUSIX TJI00QJIBHOTO U3MEHEHHUS KIIMMaTa».
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