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Study Area — Arys River Basin
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Located in Southern Kazakhstan; right
tributary of the Syr Darya River

Basin area: 14 900 km?; river length: 378 km

Originates from springs on Talas Alatau ridge;
basin elevation ranges from 193 to 4,023 m

a.s.l.

Precipitation: 200 mm (lowlands) to 1,600 mm
(mountain headwaters)

Discharge rises from April, peaks in June driven
by snowmelt, and declines steadily through the

remainder of the year

Mean discharge - 46.6 m¥s; heavily regulated -
11 reservoirs and 3 hydropower stations within

the basin




SWAT+ Model Setup
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Climate Data Inputs

ERA5-Land (ECMWF) Observed Station Data

5 meteorological stations within the study area

Spatial resolution: 0.1°x 0.1 Daily Tmax, Tmin, precipitation

Temporal resolution: Hourly Coverage: 2000-2025
Coverage: 1950 - present Missing values: <2% for all variables
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Filled circles (®): maximum temperature (Tmax); open circles (0): minimum
Top row: continuous metrics; bottom row: categorical metrics (wet-day threshold = 1 temperature (Tmin). Dashed line indicates perfect score.
mm day™). Dashed line indicates perfect score.



SWAT+ Setup — Calibration Parameters

Calibration Gauges
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Streamflow calibration at two gauges: Boldybrek River
(near Aksu-Zhabagly Nature Reserve boundary) and
Sayram River at Tasaryk village

Key Calibration Parameters

Parameter

snomelt_tmp

snomelt max

snomelt_min

perco

cn3_swf

surlag

Description

Snowmelt base temperature

Max melt rate

Min melt rate

Percolation coefficient

CN3 soil water factor

Surface runoff lag
coefficient

Sat. hydraulic conductivity

Value

-4.659 C

0.195
mm/Cld

0.000
mm/Cld

0.426

1.000

0.050 days

+31%

Group

hru

hru

hru

hru

hru

bsn

sol




Calibration & Validation

Calibration Gauges

Streamflow calibration at two gauges: Boldybrek River
(near Aksu-Zhabagly Nature Reserve boundary) and
Sayram River at Tasaryk village
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b) Station — Boldybrek (near Aksu-Zhabagly Nature Reserve boundary)



IAHRIS — Indicators of Hydrological Alteration in Rivers

What is IAHRIS?

IAHRIS (Indicators of Hydrological Alteration in RlverS) quantifies hydrological alteration by comparing natural (reference) flow conditions against current
(regulated) flows. Developed in response to the EU Water Framework Directive, it evaluates flow regime alteration through 21 indicators (IAH, scored 0-1)

covering the magnitude, variability, seasonality, and duration of habitual flows, floods, and droughts.

Habitual Values

IAH1—-IAH 6 | Report 7a

@ Magnitude

IAH1 Annual contributions | IAH2 Monthly
contributions

@ Variability
IAH3 Habitual variability | IAH4 Extreme variability

@ Seasonality

IAH5 Seasonality of maxima | IAH6 Seasonality of
minima

@ Global Index

IAGH - weighted across wet / average / dry years

Floods & Droughts

IAH 7 —IAH 21 | Report 7d

@ Flood magnitude
IAH8 Effective discharge magnitude | IAH10 Flushing
flood

@ Flood variability
IAH11 Variability of the maximum floods| IAH12
Variability of the flushing floods

@ Drought magnitude
IAH15 Magnitude of extreme droughts | IAH16
Magnitude of usual droughts

@ Drought variability

IAH17 Variability of the extreme droughts | IAH18
Variability of the habitual droughts

Environmental Significance

Report 10a

@ Morphology
IAH8 Effective discharge magnitude| IAH11 Floods
variability | IAH13 Floods duration

@ Aquatic habitat
IAH14 Floods seasonality | IAH16 Magnitude of usual
droughts| IAH3 Habitual variability

@ Riparian vegetation
IAH9 Discharge connectivity| IAH21 Drought seasonality
|IAH19 Drought duration

@ Macroinvertebrates

IAH7 Magnitude of maximum floods| IAH15 Magnitude
of extreme droughts [IAH2 Monthly contributions



HABITUAL VALUES

IAHRIS Results — Hydrological Alteration

FLOODS AND DROUGHTS
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Annual and monthly flow
magnitudes were strongly
altered

Natural flow variability was
markedly reduced
Low-flow  seasonality is

among the most altered
indicators

Global index IAGH: 0.13. Level
IV, highly altered

1HIS
g

INDICATORS OF DROUGHTS ALTERATION

m“ .
AH20 AL

1AH 21 monthly

FLOODS
Flood magnitudes were moderately
altered

Flood duration showed extreme alteration,
representing one of the strongest
hydrologic impacts of reservoir regulation

The global flood alteration index (IAGA =
0.374) indicates substantial alteration of
the flood regime

Drought magnitudes were only
moderately altered

Drought variability was strongly reduced

Drought seasonality was severely altered,
indicating shifts in the timing of low-flow
conditions

The drought regime was substantially
altered (IAGS = 0.306)




Conclusions
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INDICATOR
CODE DEFINITION Value Alteration z 50%
1AHT wei Magnitude of the annual contribution 0.38 YES
1AH2 wei Magnitude of the monthly contribution 0.34 YES
1AH3 wei Habitual variability 0.37 YES
1AHS wei Seasonality of maximum values 0.51 NO
IAHE wei Seasonality of minimum values 0.15 YES
1AHS Magnitude of the effective discharge 0.94 NO
1AH10 Magnitude of the flushing flood 0.51 NO
1AH13 Floods duration 0.07 YES
1AHT4 Moy vty Floods seasonality (monthly evaluation) 3 months(’) YES (™)
1AH16 Magnitude of the habitual droughts 0.69 NO
1AH19 Droughts duration 0.55 NO
IAH2T Moty vty Droughts seasonality (monthly evaluation 9 manths(’) YES (™)

KEY FINDINGS

Flow Regime

Reservoir regulation substantially modifies flow magnitude, variability, and seasonal
timing, producing a homogenized hydrograph relative to the natural regime

Flood Attenuation

Flood events are shorter and less persistent, reflecting attenuation of peak flows by
reservoir storage and operational management

Low-Flow Conditions

Reservoir releases partially sustain low flows during dry periods, reducing the
severity of hydrological drought conditions

Climate variability

Despite regulation, interannual climate variability continues to influence
streamflow, preserving wet and dry year contrasts in the altered regime

Environmental Flows

The results highlight the need to consider environmental flow requirements to
preserve river ecosystems functions
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Thank You!

Questions

Aidana Mukhamedina
aidana.mukhamedina@csic.es
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