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Abstract

This study quantifies seasonal discharge patterns and spatial differences at three Kura River
gauges during 2021-2025, using 180 reported monthly mean discharges at Yevlakh, Zardab and
Surra. Annual and seasonal means were weighted by calendar days; calendar-month profiles and
concurrent interstation differences were calculated. Daily records for 2022-2024 supported an
internal consistency check and sensitivity analysis. Five-year weighted means were 152.21, 189.61
and 170.35 m?/s, respectively. All three five-year monthly profiles peaked in May, whereas pooled
seasonal means peaked in summer at Yevlakh and spring at Zardab and Surra. Zardab exceeded
Yevlakh in 52 of 60 months; Surra was below Zardab in 46 months. Replacing checked values with
daily-derived means changed five-year station means by less than 0.08 %. The findings provide a
recent observational baseline for coordinated monitoring and seasonal water-management
assessment. Net spatial contrasts do not identify individual withdrawal or tributary contributions.
The short record and monthly means cannot establish long-term trends or flood peaks.
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AHHOTaLUA

Llesib nccieoBaHUsE — KOJTMUeCTBEHHO OXapaKTepr30BaTh C€30HHbIe 0COOEHHOCTH PacXofioB
BOAbl W pa3/iMuvs MeXAy TpeMs THJpoJioruyeckuMu roctamu pekd Kypbl 3a 2021-2025 rr
ITpoanam3upoBanbl 180 cpegHemMecsTUHBIX 3HAUeHUM pacxoja BoAbl Ha moctax EBmax, 3epmab u
Cyppa. CpefHero/joBble, Ce30HHbIE U CpefiHUe 3a BeCb Mepuo/, Pacxofbl PacCUUTAHbI C yUETOM
yKC/ia KaJleHAApHBIX JHel B KaKZ0M Mecslle. [10moHNUTebHO ONpe/iesieHbl CpefiHUe 3HaueHust JJis
OJHOMMEHHBIX MeCsLeB TISITH JIeT U Pa3HOCTU PacxXo/i0B MeXAy MOCTaMU 3a OJMHAKOBble MeCSLbI.
CyTtouHble faHHbIe 3a 2022—2024 IT. UCT0/Ib30BaHbI il IPOBEPKY BHYTPEHHeH COTIacOBaHHOCTU U
aHa/iM3a YyBCTBUTEIbHOCTU pe3ynbTaToB. CpeAaHWe pacxoibl 3a BeCb I€pPUOJ COCTaBU/IU
cooTBeTcTBeHHO 152,21, 189,61 u 170,35 m3/c. MakcuMyM CpeiHUX 3HaueHWUW /il KajeHJAapHbIX
MecslleB Ha BCeX MocTax Npuiléncsd Ha mail. [Ipy rpynnupoBke Mo TPEXMeCSYHbIM Ce30HaM
HauOoMBIIMK pacxof, oTMeueH jietoM B EBnaxe u BecHoit B 3epmabe u Cyppe. Pacxop B 3epmabe
ripeBbIiian pacxoq B EBnaxe B 52 u3 60 mecsieB; B Cyppe oH Obl1 HibKe, ueM B 3epjabe, B 46
Mecsllax. 3aMeHa MPOBEPEeHHBbIX MeCSYHbIX 3HaueHWM CPeJHUMM, PACCUYMTAHHBIMU MO CYTOUHBIM
JlaHHBIM, U3MeHHW/Ia CpeiHMe pacxo/ibl 3a MATh 1eT MeHee ueM Ha 0,08 %. Pe3ynbraThl (hOpMUPYIOT
Hab/roaTeIbHY0 OCHOBY /IJIs1 COT/IaCOBAHHOTO MOHWUTOPHWHIA M Ce30HHOTO YIIPaB/IeHUsI BOAHBIMU
pecypcamu. MeXNOCTOBble pa3/Wuusi He pacCMaTpUBalOTCSl KaK HeMoCpe[CTBEHHbIEe OLIeHKU
Bo/[03a00pa WM TipUTOKa. KpaTKOCTh psifia U MeCSUHBINA Iar AAHHBIX OTPAHUYMBAIOT BBIBOJBI O
JlOJITOBPEMEHHBIX TeHZIeHLIUSX U MUKOBBIX PACX0/iax BOAbI.

Keywords: Kura River, monthly discharge, seasonality, spatial variability, gauging stations,
hydrological monitoring.

KmoueBble coBa: peka Kypa, cpeaHeMecsuHbIi pacxofi BOABI, Ce30HHOCTH,
MIPOCTPAaHCTBeHHAs U3MeHUHBOCTD, THIPOIOTMUeCKHe TTOCTbI, TUAPOIOTUYe CKU MOHUTOPHHT.

Introduction

The timing and magnitude of river discharge are essential components of the flow regime [8].
Seasonal analysis complements annual averages because human interventions can redistribute flows
within the year [3, 10]. In a regulated river network, the interpretation of an individual gauge also
depends on upstream conditions and intervening tributaries [9].

For the Kura basin, published work addresses water-withdrawal management [1], regional
flood conditions [7] and long historical streamflow wvariability [2]. The present study adds a
common-period comparison of recent observations at Yevlakh, Zardab and Surra. Its objective is to
quantify annual differences, identify the seasonal discharge pattern at each station and determine the
direction and persistence of concurrent interstation contrasts during 2021-2025.

Materials and methods

The analysis uses the monthly discharge compilation supplied for the author’s doctoral
research within the hydrological and operational dataset of the Azerbaijan State Water Resources
Agency. The three stations are ordered downstream as Yevlakh, Zardab and Surra. Zardab lies
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upstream of the Kura—Araz confluence and Surra downstream [4, pp. 19-20]. The analysis therefore
compares observed station conditions, including the part of the river influenced by the Araz, rather
than a reservoir-release series.

The designated monthly-summary sheet contains 60 monthly mean discharges per station,
January 2021-December 2025: 180 complete, positive values in m3/s. Stage observations in
centimetres were excluded. No monthly values were interpolated or selectively corrected. Calendar-
day records for 2022—-2024 allowed 108 station-month means to be recomputed, excluding ten-day
summary rows and noncalendar entries. In 104 comparisons, absolute differences did not exceed 0.5
m3/s; the largest was 2.74 m3/s (1.19 %). The supplied monthly series was retained consistently, and
the daily-derived alternative was used only for sensitivity analysis. Daily records for 2021 and 2025
were unavailable in the compilation.

Descriptive analysis follows standard hydrological statistical principles [5]. Annual, seasonal
and full-period mean discharges were weighted by the number of calendar days using equation (1):

— ZterlQSJ
Qz&]‘ =
Zt eT d;

Here Q, ;- is the day-weighted mean; Qj; is the reported monthly mean at station s in month-

(1

year t, d, is the number of days in that month, and T is the set of months being averaged. The
complete period contains 1,826 days, including 29 days in February 2024. Seasons are December—
February, March—May, June—August and September—November. Each seasonal statistic pools the
corresponding months from all five calendar years; the winter group does not represent five
consecutive complete winters.

The calendar-month profile gives equal weight to each year and was calculated using equation

(2):
1 2025
Cs,m = g Z Qs,y,m (2)
y = 2021

Here C;,, is the mean for calendar month m, and Qs is its reported discharge in year y.
Spatial contrasts were computed as downstream minus upstream discharge for each of the 60
concurrent months. Their reported averages give equal weight to each month. These contrasts are
not travel-time-adjusted water balances.

Results and discussion

Annual means increased markedly in 2024 relative to 2021-2023, but the change from 2024
to 2025 differed among stations (Table 1). Yevlakh increased by 13.89 %, Zardab by 0.62 %, while
Surra decreased by 7.63 %. Thus, a similar recent period did not produce the same year-to-year
response along the river.
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Table 1. Calendar-day-weighted mean discharge (m?3/s)

Period Yevlakh Zardab Surra
2021 97.32 106.34 99.30
2022 124.88 143.02 115.19
2023 116.80 139.91 134.49
2024 197.27 278.41 261.23
2025 224.67 280.13 241.32

2021-2025 152.21 189.61 170.35

The monthly chronology (Figure 1) shows substantial variation in both magnitude and timing.
In 2023 the highest monthly mean occurred in August at Yevlakh and September at Zardab and
Surra. In May 2025 all three stations reached their respective study-period maxima: 404.00, 455.00
and 423.00 m3/s. These values are monthly means and must not be interpreted as instantaneous
flood peaks.

500
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400 -

300 -

200 -

100 ~

Monthly mean discharge (m3/s)

2021 2022 2023 2024 2025
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Figure 1. Monthly mean discharge at the three stations (2021-2025)

The five-year calendar-month profiles all peak in May: 211.93 m3/s at Yevlakh, 279.08 m3/s at
Zardab and 275.20 m3/s at Surra (Figure 2). Their minima occur in different months: October at
Yevlakh (110.11 m?/s), February at Zardab (143.32 m3/s) and November at Surra (125.12 m3/s). The
resulting maximum-to-minimum ratios are 1.92, 1.95 and 2.20. These are ratios within the five-year
mean monthly profiles, not ratios of individual extreme observations.
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Figure 2. Calendar-month profiles; each point is the arithmetic mean of five monthly
observations (2021-2025)

A common May maximum does not imply identical three-month seasonality. At Yevlakh, the
June—August weighted mean is 185.04 m?/s, slightly above the March-May mean of 179.32 m3/s.
At Zardab and Surra, spring has the highest seasonal means, 220.92 and 207.61 m3/s, compared
with summer values of 210.03 and 171.32 m?/s. The distinction reflects the contribution of all three
months to a seasonal average, rather than the month of the profile maximum alone.

Zardab discharge exceeds Yevlakh discharge in 52 of 60 months; the equal-month mean
difference is +37.34 m3/s. Surra is below Zardab in 46 months, with a mean difference of —19.19
m3/s. The full-period weighted station means likewise place Zardab above Surra and Yevlakh (Table
1). Discharge therefore does not increase monotonically downstream in this compilation, despite
Surra’s position below the Araz confluence.

These differences describe the net observed contrast between gauges. Tributary inflows,
withdrawals, return flows, channel or floodplain storage, routing and measurement uncertainty
cannot be separated with the available monthly series. Historical Kura assessments document
regulation and seasonal redistribution [4], while wider studies demonstrate the importance of
network context [9]. Neither source establishes the cause of the specific 2021-2025 contrasts. In
particular, a negative Surra—Zardab difference is not a direct estimate of water loss or abstraction.

Internal data checks support the stability of the broad findings. Replacing all 108 checked
values with calendar-day means changed the five-year weighted means by +0.028 % at Yevlakh,
+0.057 % at Zardab and +0.072 % at Surra. Profile maximum and minimum months remained
unchanged. This is a consistency assessment within the supplied compilation, not independent
validation of gauge accuracy; rating-curve metadata and measurement uncertainties were
unavailable.

The five-year record describes recent conditions rather than a climatological normal. Record
length requirements depend on the hydrological statistic being estimated [6]; no long-term trend
test, climate attribution or flood-frequency calculation is attempted here. Extending the
synchronized records and adding tributary, withdrawal and reservoir-operation data would permit a
more complete interpretation. The present comparison can support the coordinated monitoring
emphasized in basin-management research [11].
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Conclusion

The 2021-2025 observations identify a common May maximum in the three calendar-month
profiles, alongside a summer seasonal maximum at Yevlakh and spring maxima at Zardab and
Surra. Discharge was usually higher at Zardab than at Yevlakh and lower at Surra than at Zardab.
These findings remain stable under the available daily-data sensitivity check. They provide a recent
baseline for station-specific seasonal monitoring, while identifying the additional water-balance and
measurement information needed to explain interstation differences.
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