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MODELING RIVER RUNOFF OF LITERAL TRIBUTARIES
OF THE BUKTYRMA RESERVOIR
WITH USING HBV MODEL

The article presents the results of applying the HBV-light model for 6 mountain rivers flowing into
the Buktyrma reservoir: Buktyrma, Ulken Boken, Naryn, Kurshim, Turgysyn, Kalzhyr. Research work
carried out the simulation of the flow of mountain river basins with a catchment area varying within
758-12423 km?2. The parameters of the models were calibrated using the GAP optimization algorithm
for the periods 1978-2017. The calibration period according to the recommendations for river basins
were 5 years, with the exception of the Turgysyn and Kalzhyr river basins, where hydrological stations
were opened in 2012 and 2007, respectively. For modeling the runoff as input hydrological and
meteorological data were used data from the observation network of the RSE “Kazhydromet”. It should
be noted that, due to the sparse network of meteorological stations, for Turgysyn, Kurshim, Ulken
Boken, Naryn river basins as input data were used meteorological data from stations not located in
the catchment areas of rivers. As a result of model calibration, the optimal parameters for each river
are obtained. Several widely used criteria were used to evaluate the effectiveness of the model: NSW,
PBIAS, RSR and R2. The results of calculations of these criteria correspond to a “very good” and “good”
assessment of the performance rating: the Nash-Sutcliffe criterion varying between 0.84 — 0.92, the
RSR ranges 0.32-0.45, the PBIAS -14.3 % to +18.2 %. According to the simulation results, it was
revealed that the model for all the rivers under consideration reproduces the dates well the beginning,
duration of the spring flood period and the maximum water consumption for this period. Given the
sparse network of meteorological stations and the overregulation of some river basins, the using
of the HBV-light model showed good results of modeling runoff for mountain rivers of Kazakhstan
for calibration period. Also, the model was validated for 2018-2020 period. Validation results on
performance criteria indicators for the Buktyrma and Ulken Boken river basins showed a “very good”
replication result, while for the remaining 4 river basins the results were unsatisfactory, which was a
consequence of management activities on the flow of river basins.

Key words: water discharge, calibration parameters, model validation, Ertis water basin, digital
elevation model.
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byKTblpMa Cy KOMMacCbIHbIH, OYiip cararapbl ©3eHAEpiHiIH, aFbIHABICBIH
HBV mMoaeAiH KoAAQHA OTbIPbINT MOAEAbAEY

Makanaaa bykTbipma cy KorMacbiHa KysaTblH bykTbipma, YAkeH bekeH, HapbiH, Kypuiim,
TyprbicbiH, KaaXblp Tay e3eHaepi ywiH HBV-light MoaeAiH KoAaaHy HeTuxeAepi GepiareH. 3eptTey
>KYMbICbIHAQ KApPaCTbIPbIAbIN OTbIPFaH ©3EHAEPAIH Cy >KMHay anabbl — 758 — 12423 km2. 1978-2017
KbIAAAP apaAbiFbiHAQ GAP optimization aAropuTMiH KOAAQHA OTbIPbIN, MOAEAb MapaMeTpAepiH
KaAmMbpaey Kyprisiaai. HyckayAbikka comkec KaAmbpAey KeseHi, TMAPOAOTUSIAbIK, GeKeTTep THiCiHLLe
2012 >xaHe 2007 >blAAapbl aliblAFaH TyprbICbiH XoHe KaAXblp ©3eHAEpiH KocrnaraHAQ, 5 >KbIAADI
KYPaAbl. AFbIHAbIHbI MOAEAbAEY YLiH KipiC TMAPOAOTUSIABIK, >KOHE METEOPOAOTMAABIK, AepekTepi
petiHae “Kasruapometr” PMK 6akbiray >KeAiCiHiH aAepekTepi nalAaAaHbIAAbl. MeTeopoAOTrMSAbIK,
CTaHUMSAAPAbIH, CMPEK >KeAiciHe 6aiAaHbICTbl, TyprbicbiH, KypLuim, YAkeH bekeH, HapbiH e3eHAepiHiH
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POAOTMABIK, CTAHUMSIHBbIH OOAMAybIMEH, aTaAfaH ©3EHAEPAIH Cy aAanTapbl ayMarblHAQ OpHaAacnaraH
CTaHUMSAAAPAbIH, AePeKTepi MalaaAaHbIAAbl. MOAEAbAI KaAMOpPAEY HOTUMXKECIHAE Op ©3€H YLUIH OH-
TanAbl MNapameTpPAEpP aAbiHAbI. MOAEAbAIH THIMAIAITIH 6aFasay yuwiH GipHelue KeHiHeH KOAAAQHbIAATbIH
kputepuiaep: NSE, PBIAS, RSR >xaHe R? ecenteaai. Ocbl KpUTEepUIMAEpAI ecenTey HoTuXKeAepi “eTe
JKaKCbl” XXaHe “>KakCbl” OHIMAIAIK PEUTUHIIHE CaMKeC KeAreHAIr aHbIKTaAAbl, sFHM NSE 0,84 — 0,92,
RSR 0,32 — 0,45 apaabifbiHAQ, PBIAS 14,3 %-aaH + 18,2 %-Fa aeliH e3repai. MoaeAbaey HaTUXKeAe-
piHe COMKec, KapacCTbIPbIAbIM OTbIpFaH B6APAbIK, ©3€HAEPAIH MOAEAI KOKTEMI| Cy TaCKbIHbIHbIH 6acTaAy
KYHAEPIH, KE3eHHIH Y3aKTbIFblH XK&HE OCbl KE3EHAETT CYAbIH MaKCMMAAAbI 6TIMIH >KaKCbl YATIAEMATIHAITI
aHbIKTaAAbl. MEeTeOPOAOrMAABIK, CTAHLMSIAAPAbIH CUPEK XKEAICIH >koHe Kenbip e3eHAe LapyallblAbIK,
apeKeTTepAiH GOAYbIH eckepe OTbIpbin, Ka3akCTaHHbIH, TayAbl ©3€HAEPI aFbIHAbICbIH KaAMOPAeyY Ke3e-
HiHAe HBV-light MoaeAi ©3eH aFbIHABICBIH MOAEABAEYAIH >KaKCbl HOTMXKeAepiH kepceTTi. CoHAan-ak,
>KyMbicTa 2018-2020 >KbIAAQP YLUIH MOAEAbAI TOYEACI3 KE3EHAE TEKCEPY >XKYMbIChl XXYpPrisiaai. Ha-
TMxKeciHae, BykTbipma aHe YAkeH bekeH e3eHAepiHiH aAanTapbl YWiH TUIMAIAIK KPpUTEPUIAAEPIHIH,
KepceTKilTepi 6oMbIHILA «OTe XaKCbl», aA KaAFaH 4 ©3eH aAabbl YILiH «KaHaFaTTaHAPAbIKCbI3» HOTU-
>Kere cankec 60AAbI, OYA ©3eH aAanTapbliHbiH aFblHbIHAAFbI APYALIbIAbIK, KbIBMETTIH CaAAapbl YAKEH
eKEHAIrH KepceTTi

TyiiH ce3aep: 63eHHIH LbIFbIHbI, KAAMBPAEY MapameTpAepi, MOAEAbAT Tekcepy, EpTic cy wapya-
LLbIAbIFbI aAabbl, CAaHABIK, >kep Geaepi YArici.
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MoaeAnpoBaHMe cToka GOKOBbIX MPUTOKOB pPeK
B byKTbIpMHMHCKOE BOAOXpaHMAMLLE C NPpUMeHeHnem moaean HBV

B craTtbe npuBeaeHbl pe3yAbTaTbl NMpumeHeHns moaean HBV-light aas 6 ropHbix pek, Bnaaato-
Wwmx B byKTbipMMHCKOE BOaOXpaHMAMLLe: bykTbipma, YAakeH bokeH, HapbiH, Kypwum, TyprbicbiH,
Kaaxblp. B paboTe 6GbIAO BbIMOAHEHO MOAEAMPOBAHME CTOKA FOPHbIX PEK C MAOLAAbIO BOAOCOO-
pa Bapbupylowmecs B npeaeaax 758 - 12423 km?. 3a 1978-2017 rr. nepuoabl Gbiaa nponsBese-
Ha KaAMOPOBKA MapamMeTpoB MOAEAei, UCMOoAb3ys aaroputm GAP optimization, 13 kotoporo 6bian
BbIOPaHbI NMEPUOAbBI C HAMAYULLMMM NapameTpamn. [eproa KaAMBPOBKM, COFAACHO PEKOMEHAALMSIM,
COCTaBASIAO 5 AT, 32 UCKAlOUeHUeM pek TyprbicbiH 1 Kaaxblp, TAe TMAPOAOTMYECKMe MOCTbl OblAK
oTKpbITbl B 2012 1 2007, COOTBETCTBEHHO. AAS MOAEAMPOBAHUS CTOKA B KA4YeCTBE BXOAHbIX MMA-
POAOTMYECKMX Y METEOPOAOTMYUECKMX AQHHbIX MCMOAb30BaHbl AaHHble HabAloAaTeAbHOM ceTn PITI
«Kasrnapomet». HEO6X0AMMO OTMETUTD, UTO, BBUAY PEAKOI CETU METEOPOAOTMUECKMX CTAHLMIA, AAS
6acceitHoB pek TyprbicbiH, Kypuumnm, Yaken bokeH, HapbiH MCMOAb30BaHbl METEOAAHHBIE CTAHLMM, HE
PaCroAO>KEHHbIE Ha TEPPUTOPUN BOAOCOHOPOB pek. AAS oueHKM 3hHEKTUBHOCTM MOAEAM UCTIOAB3O-
BaHbl HECKOABKO LUIMPOKO NMpuMeHsieMble KpuTtepuid: acpdekTnBHocTb NSE, PBIAS, RSR n R2. Pe3yAb-
TaTbl PACYETOB ITUX KPUTEPUEB B NMEPUOA KaAMOPOBKM MOAEAM COOTBETCTBYET «OUYEHb XOPOLLEN» M
«XopolLen» oLeHKe perThHra NponsBoanTeAbHOCTU: kputepuii NSE coctaBmao 0,84 — 0,92, RSR ko-
Aebaetcs ot 0,32 a0 0,45, PBIAS o1 -14,3 % a0 +18,2 %. CoraacHo pesyAbTaTam MOAEAMPOBaHMS
BbISIBAEHO YTO, MOAEAb AAS PACCMATPMBAEMbIX PEK XOPOLIO BOCMPOM3BOAMT AQTbl HayaAa, MPOAOA-
JKMTEABHOCTM MepMoAa NMOAOBOAbS M MaKCMMaAbHbIE PAacXOAbl BOAbl. YUMTbIBag PEAKYlO CceTb Me-
TEOPOAOTMUYECKMX CTAaHLMK M 3aPEryAMpPOBAHHOCTb HEKOTOPbIX pek npumeHeHre moaean HBV-light
MoKa3aA0 XopoLIMe Pe3yAbTaTbl MOAEAMPOBaHMS CTOKA AASI TOPHbIX pek KasaxcTaHa. Takxke B paboTe
npoBeAeHa BaAnaaums MmoaeAn 3a 2018-2020 rr. neproA. Pe3yabTaTbl BaAMAALMKM MO NOKa3aTeASIM
KpuTepuneB 3hheKTUBHOCTU AAS GacceHOB pek bykTbipMa U YAKeH BokeH mokasaAm «oueHb XOpo-
WMiA» Pe3yAbTaT BOCMPOM3BEAEHUS, B TO BPEMS KaK AAS OCTAAbHbIX 4 6ACCENHOB peK pe3yAbTaTbl
0Ka3aAMCb HEYAOBAETBOPUTEAbHBIMM, KOTOPOE IBUAOCh CAEACTBMEM XO3SIMCTBEHHOM AESTEABHOCTM
Ha CTOK peuHbIX 6ACCENHOB.

KAloueBble cAOBa: pacxoA BOAbl, KaAMOPOBOYHbIE MapaMeTPbl, BAAMAALMS MOAEAM, EpTUCcckuii Bo-
AOXO39MCTBEHHDBIN 6accerHa, umgpoBas MOAEAb peAbeda.
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Introduction

Hydrological modeling currently has become
one of the important elements used in the planning
and managing of water supply and monitoring
systems, as well as in the provision river forecasts
and warnings. The basic principle of hydrological
modeling is the ability to reproduce and predict the
behavior of water bodies or systems using a model
(WMO, 2012: 320). For the water sector, they are an
important tool for predicting the impact of climate
change on runoff, water resources and flooding at
the local, regional and global levels (Huang, 2019).

Hydrological models represent a simplified
description of the hydrological system of the real
world, and their level of complexity largely depends
on the structure of the model and their goals
(Fleiscmann et.al., 2018: 943-959).

More detailed overview of the developed runoff
models and some of the most well-known
hydrological models are discussed in the works of
(Singh, 1995: 1144; Peel, 2020: 1-15). Development
of hydrological modeling began in the 1960s with
the introduction of the first models such as SSARR
and the Stanford Watershed model. Also, earlier
developed models include: Canadian model UBC,
Danish model NAM, Japanese model TANK,
Swiss-American model SRM, US National
Meteorological Service River forecasting system
based on Sacramento watershed model, GR4J
models and Swedish HBV model. Then, starting
from the 90s of the last century, were appeared
following later models such as British TOPMODEL
model, Chinese Xinanjiang model, Danish MIKE-
SHE model, Italian and American VIC model
(Seibert, Bergstrom, 2021: 1-28).

In 1980-1990, mathematical models of runoff
formation were developed on the territory of the
Commonwealth of Independent States (CIS), which
served as a methodological basis for hydrological
forecasting. The Hydrometeorological Centre of the
Russian ~ Federation and the Far  East
Hydrometeorological Scientific Research Institute
(HMSRI) have made a significant contribution to
the development of the modeling of the flow of
lowland rivers, and the Central Asian and Kazakh
National Hydrometeorological Institute (NIGMI)
for mountainous areas. On the territory of
Kazakhstan for modeling the runoff of mountain
rivers were developed a conceptual dynamic model
for the formation of a common runoff - KDMFOS-
76 B (Golubtsov, 2010: 20). This water-balance

model makes it possible to model the hydrograph of
mountain river runoff by daily time intervals, and
can also be used for short-term, medium- and long-
term hydrological forecasting and assessment of
water resources.

Conceptual models with a system of equations
based on different concepts of description of
physical processes of formation of flow have been
most developed and disseminated (WMO, 2012:
320). One of the most widely used and well-known
is the Swedish concept model, HBV.

The HBV model has been widely applied in
many areas, such as weir design (WMO, 2003:
1174; Bergstrom et.al., 2001: ), water resource
assessment, nutrient stock assessment (SNA, 1995)
and climate change studies (Forero-Ortiz, 2020:
1779). The model is also used for national
hydrological mapping, for example in Norway
(Berglov, 2009: 10) and Sweden (Valent, 2012: 35-
43). This conceptual hydrological model was first
developed in 1973, then revised to HBV-6 and
HBV-96 in 1992 and 1997, respectively. Since then,
many variants of the model have been published,
and even more variants can be found at various
institutes (Jansen, 2021: 1-31).

For the territory of Kazakhstan, the HBV-light
model has found application in works (Galaeva,
2013: 108-114; Shivareva, 2015: 66-72;
Kishkimbaeva, 2015: 141-144; Choduraev, 2016:
43-46; Bolatova et al., 2018: 110-124; Bolatova et
al., 2019: 26-43). These works are considered the
possibilities of using the HBV model for modeling
the runoff of mountain rivers in Kazakhstan. The
obtained results indicate good reproducibility of
runoff for the territory of Kazakhstan.

In order to simulate the flow of the studied area,
the article considers the possibility of applying the
model HBV-light (Seibert, 2012: 3315-3325).

Materials and methods

The objects of study are 5 left-bank and 1 right-
bank mountain rivers of the Ertis River basin,
flowing into the Buktyrma reservoir: Buktyrma,
Kurshim, Ulken Naryn, Ulken Boken, Kalzhyr,
Turgysyn (Table 1, Fig. 1).

The territory of most of the left bank of the
Upper Ertis, as well as the flat Right-bank Ertis,
belong to areas of pronounced insufficient moisture.
Surface runoff in the catchment areas of rivers with
a flat and low-mountain-hilly relief in this part of the
territory is formed almost exclusively due to thawed
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snow waters. Rainfall only slightly supplements the
snow supply during the flood period. In summer, the
lack of air humidity and the dryness of the soil are
so great that rainfall is almost completely spent on
wetting the top layer of soil and evaporation and is
of no practical importance in the formation of
runoff. Precipitation during the autumn period
determines the degree of moisture content in
watersheds and has only a regulating effect on
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spring runoff. The duration of the spring and spring-
summer floods depends on the average height, area,
topography, and peculiarities of climatic and
hydrogeological conditions.

Precipitation, snowmelt, and glaciers also play
an important role in the formation of river flow,
since the rivers are fed mixed: in the upper reaches
it is predominantly mountain-snow and glacial, in
the lower reaches it is snow and soil.
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Figure 1 — Altitude map of the rivers flowing into the Buktyrma reservoir

Table 1 — General information on river catchment areas

: 3
Ne River basin Area F, km? Altltudenll'ange H, @ 0(026"_ “2’0120/;),-)
1 r. Buktyrma —s. Lesnaya Pristan 12423 432-4478 2472

2 r. Ulken Boken — s. Dzhumba 758 696-1603 9,03

3 r. Kurshim — s. Voznesenka 5001 472-3276 72,5

4 r. Naryn - s. Ulken-Naryn 1866 392-2912 13,9

5 r. Turgysyn - s. Kutikha* 1192 319-2753 47,3

6 r. Kalzhyr — s. Kalzhyr 3150 378-3276 22,2

* data for 2008-2020.
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The area of the considered mountain river basins
varies from 758 km? (Ulken Boken river) to 12423
km? (Buktyrma river). The height range of mountain
rivers is 319 - 4478 m. The average annual water
discharge of the rivers under consideration varies
within 9.03 - 247 m¥s.

HBV model

The HBV model is a conceptual watershed
model that converts precipitation, air temperature
and potential evapotranspiration into either
snowmelt or runoff or inflow into a reservoir,
developed by Bergstrom (Lindstrom, 1992: 153-
168) at the Swedish Meteorological and
Hydrological Institute. The model has been
modified many times and different versions exist in
many countries.

The model describes the overall water balance
as follows:

P-E—-Q=
= = (SP+SM+UZ+LZ +VL) (1)

where, P is precipitation, E is evapotranspiration, Q
is runoff, SP is snow cover, SM is soil moisture, UZ
is the upper groundwater zone, LZ is the lower
groundwater zone and VL is the lake volume.

The HBV model can be viewed as a model with
semi-distributed parameters; the watershed is
divided into private watersheds, and the altitudinal
zoning method is also used. This model includes
subroutines for meteorological interpolation,
calculation of snow accumulation and snowmelt,
evapotranspiration, soil moisture, runoff
generalization and, finally, for calculation of the
transformation of water movement along rivers and
through lakes.

The model simulates daily runoff using rainfall,
air temperature, and evaporation as input. The
precipitation simulation simulates either snow or
rain depending on whether the temperature is above
or below the threshold temperature, TT (°C). All
simulated snow precipitation is multiplied by the
snowfall correction factor SFCF. Snow melt is
calculated using the degree-day method:

Melt = CFMAX * (T(t) - TT), 2)
where, Melt — snowmelt; CFMAX is the degree-day

factor; T(t) —average daily air temperature; TT is the
threshold temperature.

Meltwater and precipitation remain in the
snowpack until they exceed a certain proportion,
CWH, of snow water equivalent. Liquid water
inside the snow cover is refrozen according to
equation (3):

Refreezing = CFR * CFMAX * (TT - T (t)), (3)

where, Refreezing - re-freezing; CFR - freezing
factor; CFMAX is the degree-day factor; T(t) —
average daily air temperature; TT is the threshold
temperature.

Input data

The required input information for the model is
precipitation (daily totals), air temperature (daily
averages), evaporation, water discharge, digital
elevation model, and glacial components. The
Standard Model operates on the basis of monthly
data on  long-term  averaged  potential
evapotranspiration, usually based on the Penman
formula corrected for temperature anomalies
(Bergstrom, 1992). But in this paper, N.I. Ivanov's
formula (2) was used to calculate evaporation, since
there were no input data for calculating evaporation
according to the Penman formula.

E, = 0.0018- (T +25)- (100 — 1),  (2)

where T is the average monthly temperature; 1 is the
average monthly relative air humidity.

For the altitudinal analysis of the basins were
used three-dimensional images of the SRTM
(Shuttle radar topography mission). On the basis of
SRTM data with an extension of 30x30 m were
prepared digital elevation models (DEM). The
information obtained helped in the analysis of the
relief of each basin, the classification of the area of
the basins by altitudinal zones, and the identification
of slopes of various exposures. In the presence of ice
cover, this information was also taken into account.
Ice sheet data are taken from the Global Land Ice
Measurement Space-Based Land Ice Measurement
database (https://www.glims.org/).

Model parameter calibration

One of the most difficult aspects of applying
conceptual models is the calibration of the selected
model for a specific watershed. Most model
parameters are determined iteratively, either
manually or automatically, based on historical input
and output data series (WMO, 2012).
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The procedure for calibrating model parameters
is to find one optimal set of parameters for the study
area. The reliability of the results of hydrological
models of the watershed directly depends on this
procedure. Automatic calibration on an HBV model
selects the best parameters within a given range
(Seibert, 2005: 32) and then runs the model using the
given parameters.

For calibration, a period is used that includes
both high-water and low-water hydrological years,
and synchronous series of runoff and meteorological
data are also needed.

In this work for modeling river runoffis used the
automatic method of calibration, developed by
Lindstrom (Lindstrom, 1997: 153-168), which
allows the use of various criteria, if necessary, the
selected parameters were changed manually.
Although automatic calibration itself is not part of
the model, it has important practical implications.
This process requires simultaneous observations of
runoff and meteorological conditions. If runoff data
are not available, in some cases the parameters can
be estimated from known catchment characteristics.

The model parameters are calibrated using an
automatic calibration method based on the
experience of a large number of manual calibrations
(10,000 parameter combinations), during which the
corresponding parameter values are changed until
the best relationship with the observed data is
obtained. The automatic calibration method for the
HBV model allows to use different criteria. This
process requires simultaneous observations of
runoff and meteorological conditions.

The HBV model, in its simplest form, has a total
of 14 free parameters. Parameter values are selected
by random generation within a given range, and
then, when forecasting, the model is run using the
selected parameters. Typically, time series of runoff
and meteorological data for 3-5 or 5-10 years are
required for calibration. The calibration period
should include various hydrological years, both high
water and low water.

Model performance assessment methodology

The HBV model, when assessing the
correspondence between the simulated runoff and
the observed runoff, uses the generally accepted
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Nash-Sutcliffe efficiency criteria (NSE) (3) (Nash,
Sutcliffe, 1970: 282-290), called in model Reg:

_ Z(Qobs‘Qsim)z

Rerr =1~ S ops-asm?” ©)
where Qobs — water discharge measured at a
hydrological station; Qsm — water discharge
calculated with the model.

If Resr > 0.5, then the model reproduces well the
dynamics of the modeled value. When the value of
Rer =1, then the model calculation is recognized as
fully adequate. While Rer < 0 means the model is
considered invalid.

In this paper, as an alternative estimate of the
efficiency of reproduction of the model of observed
data, the following statistical estimates were
calculated: correlation coefficient, Percent bias (4),
RMSE-observations standard deviation ratio (RSR)
(5) (Moriasi, 2008: 885-900):

L (r2Ps-yFm)100
PBIAS = a0 4
[ Zly;l(yiobs) ( )
and RMSE-observations standard deviation ratio
(RSR):
[ ,Zn_l(y.obs—yﬁim)z]
RSR = o = - O
obs [JZ?:l(YiObS_Ymean) ]
where, Y°’S — water discharge measured at a

hydrological station, Yl-Sim — water discharge

calculated with the model, Y™¢%" — average water
discharge measured at a hydrological station.

Percentage Systematic Deviation (PBIAS, %)
calculates the average tendency for the volume of
simulated data to increase or decrease compared to
the observed data. The standard deviation ratio
(RSR) is one of the most commonly used error
indices, calculated as the ratio of the root mean
square error (RMSE) and the standard deviation of
the observed data.

Efficiency is evaluated according to the criteria
given in Table 2.
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Table 2 — General assessments of the effectiveness of the recommended statistics (Moriasi et.al., 2007: 885-900)

Performance rating RSR NSE PBIAS, %
Very good 0.00 <RSR <0.50 0.75 <NSE <1.00 PBIAS <+10
Good 0.50 <RSR <0.60 0.65 <NSE <0.75 +10 <PBIAS <+15
Satisfactory 0.60 <RSR <0.70 0.50 <NSE <0.65 +15 <PBIAS <#25
Not Satisfactory RSR>0.70 NSE <0.50 PBIAS> +25

Results and discussion

Calibration of the HBV-light model for the river
basins, which are flowing into the Buktyrma
reservoir, were carried out for the period 1978-2017,
with the exception of the basins of the Turgysyn and
Kalzhyr rivers, since the hydrological station on the
river Kalzhyr has been operating since 2012 and on
the river the Turgysyn water measuring device was
moved in 2007, without maintaining the continuity
of a series of observations. As a result of iterative
calibration of the model for the entire period, periods
with the best calibration parameters were selected
for each catchment area. Basically, these periods are
5 years and years of different water content.

As shown in Fig. I, there are practically no
weather stations in the river catchment areas. In this
regard, to calibrate the model were used nearby
weather stations climate data; in some basins,
averaged data from two or more weather stations
(Table 4).

As a result of calibration, the threshold
temperature, which simulates precipitation in snow
or rain, varies from -1.5 to +2.1 °C. Depending on
the location of the river basin, the degree-day factor

varies from 3.0 to 9.5 mm/°C day. It should be noted
that in the left-bank tributaries this factor varies
between 3.0 - 5.2 mm/°C day, and in the right-bank
tributary of the river Ulken Boken is 9.5 mm/°C a
day, i.e. it shows that every day in low mountainous
areas snow melts more, than in high mountainous
areas (Table 3).

The model calibration results were evaluated by
several performance criteria, shown in Table 3. The
efficiency of the model calculated by the Nash-
Sutcliffe criteria, according to the general statistical
performance estimates, corresponds to a “very
good” estimate, which varies between 0.84 - 0.92
(Table 4).

The standard deviation coefficient, according to
the general statistical assessments of productivity,
also corresponds to a “very good” assessment,
which varies between 0.29 - 0.45.

The percentage systematic deviation (PBIAS)
corresponds to a “very good” productivity result on
the Buktyrma and Kalzhyr rivers and a “good”
productivity result on the Kurshim, Naryn,
Turgysyn rivers, with the exception of the river
Ulken Boken which corresponds to the
"satisfactory" assessment of the flow performance.

Table 3 — Parameters of the HBV model, generated using calibration for mountain watersheds of rivers flowing into the Buktyrma

reservoir
Snow routine Soil and evaporation Groundwater
¥ S| 2| g T; ¥
= = - -~ 174
River basin Station & %ﬂ O 8 E‘J ? g a g % = = g é
" ° = o — £ - 5 o
Lesnaya
Buktyrma Pristan +1,1 5,2 12 | 58| 02 50 1,0 1,0 5.4 8,7 0,1 1,3 2,3
Ulken Dzhumba | +2,1 | 955 | 12 [38] 02 | 50 | 1,0 | 1,0 | 01 | 6,1 | 99 | 03 | 54
Boken
Kurshim Voznesenkoe | -04 3,0 1,5 150 02 70 1,0 5,0 0,5 6,1 0,1 2,1 2,8
Naryn Ulken Naryn -1,5 5,2 1,1 |65 | 57 220 0,7 2,0 0,4 7,5 0,1 5,6 3,6
Turgysyn Kutikha +1,0 3,0 1,5 | 1,3 1,2 50 1,0 0,1 0,2 0,1 0,2 6,0 2,5
Kalzhyr Kalzhyr -1,5 10,0 0,6 | 35| 02 232 0,3 1,7 0,3 0,1 4.4 3,4 2,3
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The optimal value of PBIAS equal to -0.99 of
the Buktyrma River indicates the accurate
simulation of the flow by the model. The HBV
model indicates an error in understating the flow for

Table 4 — Watershed characteristics and river calibration results

the Ulken Boken river (+18.22%) and Turgysyn
(+14.0%) rivers, and for the Kurshim, Naryn and
Kalzhyr (minus 5.3 - 14.3%) indicate an error in
revaluation of the flow.

Aver agef c Model efficiency
River . . height o alibration
Ne basin Station Meteostation station, period NSE | PBIAS, RSR
m a.s.L or Reir %
| | Buktyrma | LesnayaPristan | O ken Naryn, Katon- 764 1994-1998 | 0,921 | -0,99 | 0,29
Karagai, Leninogorsk
2 g(l)]l‘(eelr’l Dzhumba Kokpekty 510 1995-2000 | 0,895 | 1822 | 0,32
3 Kurshim Voznesenkoe Markakol 1372 1992-1997 0,873 -12,02 0,45
Ulken Naryn, Katon-
4 Naryn Ulken Naryn Karagai, Markakol 952 1996-2001 0,907 -14,33 0,45
. Zyrianovsk,
5 Turgysyn Kutikha Leninogorsk, 615 2009-2012 | 0,860 14,00 0,38
6 Kalzhyr Kalzhyr Katon-Karagai 1081 2015-2017 | 0,840 -5,34 0,40

Modeling the runoff of the Buktyrma river basin
showed that the model reproduces the observed
runoff well, and there is also an exact match between
the start date and the duration of the spring flood
period. It should be noted that the model also
simulates rain floods well.

It should be noted that results of calibration
model for Ulken Boken river basin are given in
research paper (Bolatova et.al., 2018: 110-124). The
simulation results for the Ulken Boken river basin
showed that the model well reproduces the
simulated runoff and the duration of the spring flood
period. It should be noted that the model reproduces
the runoff 1-2 days later than the observed one.

The model also reproduces well the runoff, start
dates and duration of the spring flood period in the
Kurshim river basin, however, there is a
reassessment of the runoff in the summer, on
average for the entire period, the reassessment is
53.8 m’s, which was revealed by the PBIAS
estimate.

Modeling of the flow of the Naryn river basin
showed that the model also very well reproduces the
start dates, duration and maximum discharges
during the spring flood. However, the runoff
modeling results for 2012 showed the worst results,
which may be due to the construction of a
hydrotransmission system with a regulatory lock on
the Naryn River 0.5 km north of the village of
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Zhuldyz, which was put into operation at the end of
2011. There is also an overestimation of runoff in
the summer and autumn months.

According to the runoff modeling results of the
Turgysyn river basin, the start date model repro-
duces 2 days earlier or less, also captures all “peaks”
(maximum discharges) during the flood period and
rain floods caused by heavy precipitation.

Difficulty in calibration arose for the Kalzhyr
river, since the data were only for 2013 to 2017, of
which the best result was obtained for the period
2016-2017. This difficulty was also caused by the
fact that since 1950 the runoff on the Kalzhyr river
has been regulated by 6 hydraulic structures, mainly
water intake channels. In this regard, the flow of the
river is disturbed, which led to the difficulty of
calibrating the flow. However, it should be noted
that the result obtained corresponds to a “good”
performance result. In general, for the Kalzhyr river,
the model showed good reproducibility of the start
date and duration of the spring flood period, with the
exception of the autumn low water period, during
the calibration period.

The given graphs of the relationship (Fig. 3)
between the observed and simulated water
discharges for all the considered rivers, built with
daily water discharges, indicate a close relationship,
where the coefficient of determination (R?) varies
within 0.82 — 0.92.
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Figure 2 — Hydrograph of the results of modeling the runoff of rivers flowing into the Buktyrma reservoir

To assess the reproducibility of runoff volumes
for the spring flood period, simulated flood volumes
for the model calibration period were calculated.
The flood volumes are calculated based on the dates
of the beginning and end of the flood indicated in
the long-term data on the regime and resources of
land waters, issued by the RSE "Kazhydromet.
According to the results of calculations, the average
error of the model for the Buktyrma River averaged
8.0 %, for the river Ulken Boken — 15.6 %, Kurshim
— 22.8 %, Naryn — 11.8 %, Turgysyn — 5.6 %,
Kalzhyr — 3.5 %.

In order to check the calibration parameters of
the model for an independent period, validation was

carried out for the considered rivers for 2018-2020
period (table 5). The validation results showed that
for the rivers Buktyrma and Ulken Boken, the
calibrated model meets the “very good”
performance rating for all criteria, recommended
statistics, NSE, PBIAS and RSR. The NSE
efficiency criterion is 0.87 and 0.86, respectively,
for p. Buktyrma and Ulken Boken. The percentage
error of the model for the period under review was
1.3 and -7.8 %, respectively, and the RSR
coefficient was also 0.37 for both rivers.

For the remaining 4 rivers basins, the results for
all performance criteria showed an “unsatisfactory”
assessment of reproducibility.
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Figure 3 — Graphs of the relationship between simulated and observed data

Table 5 — Model validation results for the period 2018-2020

Effectiveness for daily Water discharge, m%/s
. . . discharge 2018 2019 2020

o | R tat

N iver basin Station PBIAS, Qsim Qobs Qsim Qobs | Qsim | Qobs
NSE o, RSR
0
1 | Buktyrma Lesnaya 0,87 1,3 0,37 236 219 228 218 | 206 | 208
Pristan

2 | Ulken Boken Dzhumba 0,86 -7,8 0,37 5,11 5,21 7,56 6,01 8,63 9,74
3 Kurshim Voznesenkoe 0,12 -33,2 0,94 89.4 64,7 84,1 59,3 79,1 74,9
4 Naryn Ulken Naryn -0,62 -58,3 1,27 16,5 14,5 15,9 11,7 15,7 8,23
5 Turgysyn Kutikha 0,04 -26,6 0,98 424 44 .4 45,1 427 43,1 21,7
6 Kalzhyr Kalzhyr 0,02 25,9 0,99 12,2 314 12,5 25,7 11,9 12,2

In the daily context, the results showed very low  rivers flowing into the Buktyrma reservoir

indicators, which can be explained with the impact
of economic activity on the water regime of river
basins. The validation results for the Buktyrma and
Ulken Boken river basins showed «very good»
results. For the Kurshim, Naryn and Turgysyn river
basins the results were unsatisfactory, but a
comparison of monthly and annual values of water
consumption showed not bad results
(table 5).

The Kalzhyr River, which is most susceptible to
economic impacts, has shown that the influence of
human activity is very great for reproducing the flow
hydrograph.

Conclusions

The results of runoff modeling using the HBV-
light conceptual model showed that the model for
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reproduces well the dynamics of the simulated
runoff, this can be judged by the performance
criteria NSE, RSR, PBIAS, as well as the coefficient
of determination R? which correspond to "very
good" and "good" performance ratings.

Given the sparse network of meteorological
stations and the overregulation of some rivers, the
application of the HBV-light model showed good
results in runoff modeling for mountain rivers in
Kazakhstan.

The results of modeling the Buktyrma and Ulken
Boken rivers can be used for forecasts in the daily
section. For the Kurshim, Naryn and Turgysyn
rivers, the results showed that it is possible to use
them to assess water resources on an annual or
monthly basis. But for the Kalzhyr River validation
showed that the results aren’t applicable for future
modeling.
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