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ABSTRACT

Formulation of the problem. Studies of trends in the minimum 30-day winter runoff of rivers flowing out of the lake. Sevan
has acquired great practical importance and significant interest from the point of view of calculating the ecological flow, due to the
increased use of water resources for various types of economic activities, in particular, in connection with the development of the
economy, hydropower, irrigation, population growth and improving living standards. Calculations of the minimum runoff are espe-
cially relevant in relation to solving the problems of water supply to settlements, industrial and agricultural enterprises, as well as
assessment of irrigation norms of agricultural plots.

The aim of the work. Analysis and assessment of trends in the minimum 30-day winter runoff of rivers flowing out of the
lake Sevan.

Methods. The following methods were used in the work: mathematical-statistical, correlation, cartographic, extrapolation, in-
terpolation, spatial analysis, analogy.

Results. During the research, the characteristics of the winter minimum 30-day water consumption for the entire observation
period were calculated for hydrological posts on the rivers of the lake Sevan basin, which have a number of observations for 40 years
or more. Supply curves are constructed, the values of the winter minimum 30-day runoff are estimated, with security of 90, 95 and
99.5% for 12 sites. The values of the flow rates, its coefficients of variation (Cv) and asymmetry (Cs) are determined. The analysis of
the temporal distribution of the studied hydrological characteristics was carried out, the coefficients of the linear trend of the mini-
mum 30-day winter runoff were determined. Close correlations have been obtained between the values of the average monthly mini-
mum water consumption and the minimum 30-day winter water consumption. These dependencies can be used to predict the mini-
mum 30-day winter water consumption of the rivers of the territory under consideration. It is established that for the rivers of the lake
Sevan basin is characterized by synchronicity of fluctuations in annual and winter runoff. It was revealed that most of the rivers flow-
ing into the lake Sevan (by more than 58% of posts), there is an increase in the amount of winter runoff, i.e. a positive trend in its
change. Based on the results obtained, a distribution map of the linear trend coefficients of the minimum 30-day winter runoff in
m3/sec / 10 years with an observation period from december to march was constructed.

Keywords: Armenia, rivers of the Lake Sevan basin, low-water, 30-day winter minimum runoff, statistical characteristics, line-
ar trend coefficient.
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Introduction. For the effective and safe use of
river resources, it is necessary to assess the water
resources of the territory or specific water bodies,
determine the maximum, minimum, and other char-
acteristic water consumption, assess the impact of
economic activity on the river regime, on dangerous
hydrological processes [1-5].

For water management purposes, it is important
to assess the main hydrological characteristic for the
winter, which limits the possibility of taking water

from the river — the minimum average monthly flow
rate. It is the winter runoff and its minimum values
that can serve as the lower limit for the use of water
resources in the territory of this catchment area,
which should be taken into account when planning
the location of water-intensive industries.

Minimum water consumption belongs to the
category of basic hydrological characteristics widely
used in the practice of hydrological calculations. At
the same time, the average 30-day (monthly) and
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daily water consumption are most often used in cal-
culations, although sometimes minimum 5-, 7- or
10-day water consumption is used. In case of pre-
vention of any interruptions or reduction of water
supply in the water supply of industrial enterprises,
the minimum average daily water consumption is
applied in the calculations. Estimated security is
usually assigned in the range of 75-97% [4-7].

Characteristics of minimum runoff are used in
sectors such as hydropower, biotechnology, water
transport, agriculture, construction design, reclama-
tion and fisheries. In connection with the ongoing
climate change urgent problem of assessing the im-
plications of these changes is becoming for the wa-
ter-dependent industries [9-11, 14].

The purpose of this work is to calculate the rate
of minimum 30-day winter river water flow, coeffi-
cients of variability (Cv) and asymmetry (Cs), min-
imum expenses of various security, to analyze and
evaluate the patterns of distribution of changes in
the minimum 30-day winter expenses of the rivers
of the lake Sevan basin in the series of long-term
observations.

Materials and methods of research. In the
course of the research, the relevant literary sources
were analyzed and used [18, 20, 23, 25-26, 28-29].
The change in the values of the minimum 30-day
winter river runoff was analyzed according to long-
term observations in twelve river channels flowing
into Lake Sevan, differing in physical and geo-
graphical conditions of runoff formation and catch-
ment area.

In recent decades, there have been significant
increases in flow-forming climatic indicators (tem-
perature and precipitation, especially liquid precipi-
tation during the cold period), which led to intra-
annual uneven river flow and an increase in winter
low-water runoff [11-13]. An analysis of the long-
term dynamics of the 30-day winter minimum run-
off illustrates a stable increase in values for most of
the studied rivers. The ongoing climate changes lead
to the transformation of the water regime of rivers
[19, 22, 24].

For most rivers, similar transformations of the
intra-annual flow distribution are observed. There is
a redistribution of runoff during the year, character-
ized by an increase in winter low-water runoff and a
reduction in spring flood costs. The depth of freez-
ing is a factor regulating the ratio of winter and
spring runoff. When it decreases, the layer of winter
runoff-forming moisture increases, and, as a result,
winter runoff increases and spring runoff decreases.
In general, an increase in natural flow regulation
improves water use conditions in low-water seasons,
but a decrease in spring flooding creates a problem
with filling reservoirs, and this should be taken into
account when developing measures to adapt to cli-

mate change.

The hydrologic simulation results reveal cli-
mate change as the dominant factor and land cover
change as a secondary factor in regulating future
river discharge. The combined effects of climate and
land cover changes will slightly increase river dis-
charge in summer but substantillay decrease dis-
charge in winter. This impact on water resources
deserves attention in climate change adaptation
planning [16].

As initial data, the work uses data from long-
term observations of water consumption for the pe-
riod from the date of the opening of hydrological
posts up to 2020. The processing of instrumental
data from 12 hydrological posts of the "Center for
Hydrometeorology and Monitoring" of the SNCO of
the Ministry of Environment of the Republic of Ar-
menia was carried out.

The following methods were used in the study:
mathematical and statistical, extrapolation, interpo-
lation, correlation, cartographic, as well as methods
of analysis and analog.

Results and discussion. A characteristic fea-
ture of the water regime of the rivers of the lake Se-
van basin is a long and stable low—water period. On
the rivers of the studied territory, minimal water
consumption is observed during the summer-autumn
and winter low-water periods. In this paper, only the
minimum 30-day river water consumption of the
winter period is discussed.

The main parameters of the distribution of the
minimum river flow are the norm, coefficients of
variation and asymmetry, and water consumption of
various levels. These runoff characteristics are de-
termined in relation to the minimum 30-day runoff.
At the same time, observations over a long period of
time were used as initial information. The main de-
termining factors of the minimum flow are climatic
and hydrogeological conditions, under the influence
of which the territory under consideration is character-
ized by an uneven distribution of river flow (table 1).

From the data in the table. 1 it can be seen that
small values of the Cv coefficient of variation are
observed on rivers with a relatively large under-
ground supply — Masrik, Karchaghbyur, Gavaraget.
Relatively high values are observed on rivers fed by
rain and meltwater, as well as on small rivers.

In nine rows, the values of the coefficients of
variation are less than 0.30, and in the rest - from
0.30 to 0.60. The average value of the coefficient of
variation for the entire lake Sevan basin is 0.31. For
winter minimum average monthly river water ex-
penditure (Q), such variation values are quite small,
S0, it can be assumed that winter minimum average
monthly expenditure is quite stable and has relative-
ly small risk values. The coefficient of asymmetry
of the Cs series, in contrast to the coefficient of var-
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Table 1

Statistical characteristics of the minimum 30-day discharge of the waters of the rivers
of the lake Sevan basin for the period from the XI to the 111 month

Flow Calculation error Security water consump-
- H 0 3
River — point 3Q, modu Cv Cs Cv/ standard tion %, m°/sec
M3lsec lus, Cs _
Ve Fi o, | O 90 95 995

Ejgr?agm -Tsovag- | 47 | 206 | 042 215 | 020 | 0,009 | 006 | 029 | 0111 | 0.108 | 0.106
Drakhtik - Drakhtik | 0.065 | 1.66 | 0.50 | 1.20 | 0.42 | 0.008 | 0.04 | 0.46 | 0.030 | 0.025 | 0.016
Pambak - Pambak | 0.075 | 3.68 | 0.28| 0.94 | 0.30 | 0.006 | 0.04 | >0.35 | 0.052 | 0.047 | 0.037
Masrik - Tsovak 236 | 351 | 019 -0.06 | -3.17 | 0.091 | 0.02 | >0.34 | 1.801 | 164 | 1.22
Karchaghbyur - 09 | 776 |017| 031 | 055 | 0.035 | 002 | 031 | 0.754 | 0.705 | 0.584
Karchaghbyur
Vardenis - Vardenik | 0.54 | 462 |029| 029 | 1.00 | 0.041 | 0.04 | >0.34 | 0.366 | 0.305 | 0.150
Martuny - Geghovit | 0.66 | 7.81 | 0.29 | 0.34 | 0.85 | 0.036 | 0.01 | 0.31 | 0.423 | 0.365 | 0.227
Argichi - Getashen | 2.20 | 6.0l |025| 1.12 | 022 | 0.089 | 0.03 | >027 | 160 | 149 | 1.25
Tsaghkashen - 049 | 530 |023]|-057 |-0.40 | 0018 | 002 | >042 | 0345 | 0305 | 0.202
Vaghashen
Tk — JTwax 158 | 479 |034| 095 | 036 | 0.207 | 0.08 | >0.46 | 0.971 | 0.866 | 0.672
Bakhtak— Tsaghkar | 0.16 | 111 |0.60| 0.71 | 0.85 | 0.019 | 0.07 | 0.33 | 0.043 | 0.027 | 0.005
Gavaraget— Noratus | 2.77 | 593 |014| 020 | 0.70 | 0.053 | 0.02 | >0.25 | 2.28 | 2.12 | 171

o 50 T o 15 7

] [ r. Argichi — p. Getashen o . r. Karchaghbyur — p. Karchaghbyur

%E ! - - o %

- 40 1 12 1 .

2 I /’ [ o o

§ [ 0o i Oggg

IS 3,0 1 ’O 0,9 1 %

g P go o0

= I DA y = 0,8707x + 0,4986 [ o y = 0,9509x + 0,091

£ 20 4 R*=0,8813 06 1 2° R = 09198

= [ [ ¥el

- S

E L L /'O

2 10 1 03 1 5°

£ . i

(@]

©

q>,) 0,0 A 0,0 B e B |

< 0,0 1,0 2,0 3,0 4,0 50 0,0 0,3 0,6 0,9 1,2 15

Minimum 30-day water consumption, m%/sec

Fig. 1. Correlation between the values of the average monthly minimum water consumption
of the winter period and the winter minimum 30-day water consumption

iation, has large values. The average value of the
asymmetry coefficient is 0.65. For all 12 points un-
der discussion, the ratio of the coefficients of
asymmetry and variation does not exceed one, with
the exception of the Masrik River.

Strong correlations were obtained between the
values of the average monthly minimum water con-
sumption and the minimum 30-day winter water
consumption (fig. 1). It can be used to predict the
minimum 30-day winter water consumption.

To determine the synchronicity of fluctuations
in the values of annual and seasonal runoff, an anal-
ysis of the average annual and 30-day values of the
minimum runoff of the winter period was carried
out. Conducting such an analysis is due to the fact
that the low-water runoff is an integral part of the

annual runoff and determines the close relationship
between these values. A comparison of the values of
the annual runoff and the 30-day values of the min-
imum runoff of the winter period illustrates a certain
interdependence in changes in these values (fig. 2).
It has been established that the synchronicity of
fluctuations in annual and winter runoff is character-
istic of the rivers of the lake Sevan basin. The max-
imum synchronicity of fluctuations in annual and
winter runoff is typical for rivers with predominant-
ly underground feeding.

Calculations have shown that there is an in-
crease in the volume of winter runoff in most rivers
flowing into Lake Sevan (by more than 58% of the
posts), i.e. a positive trend in its change. Linear
trend coefficients of the minimum 30-day winter
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Fig. 2. Change in the values of the 30-day minimum runoff of the winter low-water (1)
and annual runoff (2) in m%/sec.

runoff (m%/sec / 10 years) rivers of the lake. Sevan
basin is represented by a map that gives a visual rep-
resentation of its distribution throughout the studied
area (fig. 3). As can be seen from the figure, the re-
gional specificity of the distribution of the minimum
30-day winter runoff of the winter low-water is con-
firmed by the spatiotemporal heterogeneity in dy-
namics. The values of the linear trend coefficient of
the minimum 30-day winter runoff for the rivers of
the studied lake Sevan basin is located in the ranges
from —0.162 to + 0.124 m®/sec / 10 years.

The most significant changes in the minimum
30-day winter runoff are observed in the Argichi
rivers (+0.124 m3/sec /10 years) and the Lichk (-
0.162m3/sec /10 years). On the Karchaghbyur river,
the linear trend coefficient of the minimum 30-day
winter runoff is + 0.046 m® / sec /10 years, on the
Drakhtik, Martuni, Tsaghkashen rivers— + 0.010-
+0.020 m?/sec / 10 years, on the slag and Pambak
rivers-from + 0.001 to + 0.010 m®/sec / 10 years. In
general, an increase of runoff of winter low-water
has an important practical significance, since the
amount of runoff during this period is a limiting fac-
tor for guaranteed and sustainable water con-
sumption.

In the basins of the Masrik, Vardenis, Lichk,
Bakhtak and Gavaraget rivers, the minimum 30-day
winter runoff decreases over the entire observation
period. At the same time, on the Vardenis River, the
linear trend coefficient of the minimum 30-day win-
ter runoff is 0.045 m¥sec /10 years, on the Masrik,
Bakhtak and Gavaraget rivers — from 0.009 to 0.025
m3/sec/10 years. Such rivers should be the focus of
attention all the more in connection with the
maintenance of the ecological flow of the river by
appropriate measures.

Studies show that the increase in minimum
winter water consumption, observed since the sec-
ond half of the 70s, is due to an increase in winter
air temperature, that is, climate change. Characteris-
tic features of climate change for the Lake Sevan
basin is an increase in air temperature in the near—
surface layer, especially significant in November —
March, with minor changes in the temperature of the
warm period and a slight increase in precipitation
[16, 17, 21]. The main climatic factor contributing
to the increase in minimum winter runoff is the in-
crease in winter air temperature. The main factors
influencing the increase in winter river runoff are a
decrease in the depth of soil freezing and, accordin-
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Fig. 3. Distribution of the linear trend coefficients of the minimum 30-day winter runoff in m%/sec / 10 years
for the entire observation period (December — March). The lake Sevan basin.

gly, the migration of moisture in winter to the freez-
ing front and its accumulation in the frozen layer,
the presence of thaws and an increase in autumn soil
moisture. The impact of climatic changes caused by
an increase in ambient temperature changes the heat
and mass transfer in the active soil layer and reduces
the depth of freezing.

Conclusions. Based on the results of the work
performed, the following conclusions can be drawn.

As a result of the conducted research, a wide-
spread uneven distribution of changes in the 30-day
minimum runoff of winter low-water in the Lake
Sevan river basin has been established, manifested
mainly in an increase in the values of winter low-
water.

The linear trend coefficient of this characteris-
tic is practically for the majority of observation
posts (more than 58% of posts) in the territory of the

lake Sevan basin is positive and does not exceed
0.13 m®/sec / 10 years, at other observation posts
(42% of posts) it has negative values.

At the same time, despite the predominance of
unidirectional changes, the rivers of the studied ba-
sin are characterized by regional differences, pri-
marily due to the area, density of the river network
and the physical and geographical conditions of the
catchment areas. The values of the linear trend coef-
ficients of the minimum 30-day winter runoff for the
studied rivers of the lake Sevan basin is in the range
from — 0.162 m3/sec / 10 years (Argichi) to + 0.124
mé/sec / 10 years (Lichk).
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MESCS Republic of Armenia (Research project Ne
24WS-1E035 and Ne 21T-1E215).
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VY poGoTi HaBOAATHCS Pe3yJbTaTH MOCIIHKEHHS JUHAMIKM MIHIMaJIbHOTO 3UMOBOTO CTOKY piuoK OaceiHy o3epa
CesaH 3a TpUALATHAOO0BHUH NIEPioz, 0 CHOTO/IHI Ma€ MPaKTUYHE 3HAYEHHS B PO3PaxXyHKY €KOJIOTIYHOTO CTOKY BHACIIi-
JIOK MOCHJICHHS TOCIIOZaPCHKOT0 BUKOPHUCTAHHSI BOIHHUX PECYPCIB, TiIpOCHEPreTHKH, ipurarii. JlocmipkeH s MiHIMab-
HOTO CTOKY € aKTyaJIbHHM IIiJ] Yac BUPIIICHHS BOJOTOCIIONAPCHKHX PIllIeHb JJIsl HACEJICHUX TEPUTOPIH, IPOMHUCIOBUX Ta
CLIBCHKOTOCHONAPCHKUX IMIAIPUEMCTB, a TaKOX JJIsl BU3HAYECHHS OL[IHKH 3POLIYBAIILHUX HOPM JUISl MIOJBOBHUX AIISHOK.
Amnani3 Ta OIiHKa TEH/CHIIl 3MMOBOTO CTOKY Ha TiJporiocTax pidok OaceiiHy o3epa CeBaH HMPOBOIMINCS 3a TOTIOMO-
TOI0 YaCOBHX PAIIB MiHIMaTbHHUX TPUALATHIOOOBIX BUTPAT 3a IEPiO COPOK POKiB. MaTeMaTHKO-CTaTHCTHYHI, KapTOT-
padivHi METOIU TO3BOJMIN BCTAHOBHTH OCOONMBOCTI MPOCTOPOBOTO PO3IOIITY IMOKa3HHUKIB HA AOCITIKYBaHIH Tepu-
Topii. [IoOymoBaHO KpHBi XKUBICHHS T4 BU3HAYCHO 3HAYCHHS 3MMOBOTO MiHIMyMY TPHUALSTHIOOOBOTO CTOKY i3 3a0e3me-
gericTio 90, 95, 99,5% nns nBaHAOIATH AUISTHOK. Bu3HadeHi 3HAUCHHS BUTPAT, KOSQIMi€HTH KOPEIAIil Horo Bapiarriit
(Cv) ta acumerpii (Cs). AHai3 4acOBOro PO3MOALTY AOCIIKYBAHUX TiPOJIOTiYHMX MOKA3HHUKIB Ta KOe(DillieHTH TiHIH-
HOTO TPEH/y MiHIMAJbHOTO 3MMOBOTO CTOKY BKa3yIOTh Ha TICHHH 3B'S30K MK 3HaUCHHSMH CEpEIHbOMICIYHOTO MiHi-
MaJIbHOTO BOJOCIIO)KMBAHHS Ta MiHIMAIbHUM 3UMOBUM BOIOCIOKUBaHHAM. [l piuok Oaceiiny o3epa CeBaH Xxapakrte-
PHHMM € CHHXPOHHICTh KOJIMBaHb PIYHOTO Ta 3MMOBOT0 cToKy. Ha Oinbiocti pivok (noHan 58% mocTiB) criocTepiraersb-
cs1 36UIbLIEHHS 3HAYEHb 3MMOBOTO CTOKY, 110 He nepesuinye 0,13 m%c Ha 10 pokis, a1s pemrru noctis (42%) crocrepi-
raeTbcsi 3BopoTHa TeHneHuis. [loOynoBaHi kapTorpadivHi TBOPH PO3MOALTY KOoe(ilieHTIB JiHIHHOTO TpEeHIy MiHIMallb-
HOTO 3MMOBOTO CTOKY 3a IEepioJ| 3 TPyHs Mo Oepe3eHb BKa3ylOTh Ha MEPEBaYKaHHS OJHOCIPSMOBAHUX 3MIH Ha JOCII-
oKyBaHUX piukax. [IpencrasieHi piuku OaceitHy o3epa CeBaH MalOTh periOHaNBHI BIIMIHHOCTI B PO3MOALIL TiIpOIIOTi-
YHUX MOKa3HHKIB, MO OOYMOBIICHO IDIOMICIO, TYCTOTOI PiYKOBOI Mepexi Ta (i3uko-reorpaiuHuMHu 0COONMUBOCTIMHU
BOM0300piB. 3HaYEeHHS Koe(]ilieHTIB JTiHIHHOTO TPEHIY MiHIMaJbHOTO 3UMOBOTO CTOKY JUISI PidOK OaceifHy o3epa Bapi-
10€ B Meskax Bij 0,162 m%/c Ha 10 pokis (Apriui) 10 0,124 m%/c Ha 10 poxkis (Jliuok). OTpUMaHi 3a1I€KHOCTI J03BONSTIOTH
TIOJIIMIINTHA TPOTHO3 MiHIMaJIbHOTO 3MMOBOTO BOIOCIIOXKHBAHHS TOCIIIKYBaHOI TEPUTOPIi.
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