TRANSFORMATION OF WATER RESOURCES IN THE AMU DARYA
RIVER BASIN UNDER GLOBAL CLIMATE CHANGE AND
ANTHROPOGENIC PRESSURE: PROBLEMS AND GEOGRAPHICAL
SOLUTIONS
Arabova Zarina Abdikhalimovna — Karshi State University, PhD, Lecturer.
Almardonova Gulnora Abdikhalimovna — Teacher, Secondary School No. 9,
Karshi District.

Arabova Feride Abdikhalimovna — Resident Physician, Tashkent Medical
Academy.

Abstract. This article analyzes the changes in the hydrological condition of the
Amu Darya River Basin under conditions of global climate change and
anthropogenic pressure. Based on hydrometeorological observations, remote
sensing data, and reports of the Interstate Commission for Water Coordination of
Central Asia (ICWC), the factors influencing the decline in river flow were
assessed. The analysis showed that global warming, the shrinking area of glaciers,
and imbalances in water use are intensifying water scarcity. To mitigate the
problem, scientific recommendations were developed for the implementation of
integrated management, digital monitoring, and water-saving technologies.
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TPAHC®OPMAIIUS BOJJHBIX PECYPCOB FACCEHMHA PEKU
AMYJAPBHU B YCJIOBUSAX I''IOBAJIBHOT'O U3BMEHEHMUSA
KJIMMATA U AHTPOIIOTEHHOT'O BO3JENHCTBUS: IPOBJIEMBI 1
IFEOI'PA®UYECKUE PEHIEHU S

ApaboBa 3apuna AoauxanumoBHa — PhD, npenonasarens, Kapumuckuii
TOCyJapCTBEHHBIA YHUBEPCUTET.
Aamapaonosa ['yibHoOpa AOAMXAJIMMOBHA — YUUTENb CpeIHEN 1mKOoIbI Ne 9

KamxkanaperHckoro panosa.
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ApaboBa @epuae AGAMXAJINMOBHA — Bpau-pe3UJICHT, TalllKeHTCKas
MEIUIIUHCKAS aKaJeMusl.

AnHOTanus. B craTtee mnpoaHaTM3UPOBAHBI HM3MEHEHUS THAPOJIOTHYECKOTO
cocTosiHAS OacceiiHa pekn AMyJapbd B YCIOBHUSX TJ100aJbHOTO HW3MEHCHUS
KJIMMaTa ¥ aHTPOIIOTCHHOT'0 BO3/eHCTBHA. Ha OCHOBE THMAPOMETEOPOIIOTMICCKUX
HAOJFOJICHUM, MaHHBIX JUCTAHIIMOHHOTO 30HIUPOBAHUS 3€MJIM W OTYETOB
MeXrocyiapCTBEHHOM ~ KOOPJAMHAIIMOHHOM  BOJOXO3SIMCTBEHHOM  KOMHUCCHUU
Hentpansuoii Azum (MKBK) mnposenena oreHka (axkTopoB, BIUSIONIUX Ha
COKpAIllEHHE PEeYHOTO CTOKa. Pe3ynbTarThl aHanm3a MoKa3aiu, 4YTO TJI00ajIbHOE
NOTEIUICHNE, COKpAIEHUE IUJIOMAIU JICIHUKOB M JUCOANaHC B HMCIOJIb30BAHUU
BOJHBIX PECYPCOB YCHIIMBAIOT Ne(HUIUT BOABI B peruoHe. JIJiss cMATYeHUS TaHHOMN
mpoOIemMbl pa3padoTaHbl HAYYHO OOOCHOBAaHHBIC PEKOMEHIAIUU 10 BHEAPEHUIO
WHTETPUPOBAHHOTO YIIPABJICHUS BOJHBIMU pecypcam, IU(POBOr0 MOHUTOPHUHTA
1 BOJIOCOEpETaroInX TEXHOIOTUA.

KaroueBble ciaoBa: OacceliH peku AMyaapbu, Tr00ajJbHOE HU3MEHEHHE
KJIMMaTa, aHTPOIIOTCHHOE BO3JICHCTBHUE, TUIPOJOTUYECKHE H3MCHCHUS, Ne(UIINT
BOJHBIX PECYpCOB, TPAHCTPAHUYHBIE BOJbI, HHTETPUPOBAHHOE YIPABICHUE
BOJIHBIMU PECYPCAMHU.

Introduction

One of the most pressing global environmental and geographical problems
facing humanity in the 21st century is the shortage of freshwater resources [5].

The Amu Darya is the most water-abundant and, strategically, one of the most
important transboundary rivers in Central Asia, linking the territories of Tajikistan,
Kyrgyzstan, Afghanistan, Turkmenistan, and Uzbekistan [7]. This river basin
serves as the primary water source meeting the drinking-water, irrigated-
agriculture, and industrial needs of millions of people [9].

However, today the Amu Darya Basin faces serious challenges due to climate
change and geopolitical factors [4]. According to expert forecasts, by 2050 the
natural water resources of the Amu Darya Basin may decline by a further 15

percent [9]. This hydrological crisis poses a direct threat to the stability of
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agricultural landscapes in the river's lower reaches and to the ecological security of
the Aral Sea region [8].
Methods

The study employed comparative, statistical, cartographic, and
geomorphological methods of analysis to assess the hydrological, hydrochemical,
and ecological condition of the Amu Darya Basin. The analysis drew on more than
90 years of hydrometeorological data, reports of the Interstate Commission for
Water Coordination of Central Asia (ICWC) [6], and remote sensing data obtained
via the GRACE [11] and Landsat [12] satellites. In addition, changes in the glacier-
covered area in the upper reaches of the Amu Darya (the Pamir Mountains) were
assessed using cartographic and geomorphological methods [14, 21], and the
resulting data were compared to form the study's scientific conclusions. The study

area and field infrastructure are summarized in Figure 1.

Figure 1. Study Area: The Amu Darya River Basin Figure 2. Qosh Tepa Canal, Afghanistan

The middie reach of the Amu Darya River Construction of the Qosh Tepa Canal,
within the territory of Uzbekistan. a water diversion project on the Amu Darya River.

Figure 3. Drip Irrigation System Figure 4. Automated Hydrological Monitoring Station

Drip irrigation system used in cotton fields Automated online monitoring system
in the Khorezm Region, Uzbekistan. at a hydrological station on the Amu Darya River.

Source: Figure 1 — Ministry of Water Resources of the Republic of Uzbekistan; Figure 2 — TOLOnews (2023);
Figure 3 — UzPITI; Figure 4 — BWO Amu Darya Archive.

Figure 1. Study area and field infrastructure in the Amu Darya Basin.

a) Study area: the middle reach of the Amu Darya River within Uzbekistan — [24];
b) Construction of the Qosh Tepa Canal, Afghanistan — [25];

¢) Drip irrigation system in cotton fields, Khorezm region — [26];

d) Automated hydrological monitoring station on the Amu Darya — [20].

Results and Discussion
Recent scientific studies indicate that the volume of river flow in the middle and
lower reaches of the Amu Darya has decreased by 54 to 77 percent (Figure 2) [17].

Notably, although precipitation in the Pamir and Tian Shan mountains — which
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feed the river — has increased somewhat, rising temperatures have intensified
evaporation [4], and human activity (anthropogenic pressure) is preventing water

from reaching the lower reaches [15].

Figure 1. Fedchenko Glacier in the Pamir Mountains Figure 2. Reduced River Flow in the Figure 3. Construction of the Qosh Tepa Canal (Afghanistan)
Lower Reaches of the Amu Darya

River flow in the lower reaches of the Amu Darya Qosh Tepa Canal. The c:
significantly decreased, causing environmental and
socio-economic challenges.

Sours: NABA B ObaAVatory/12029) Source: NASA Earth Observatory (2022) 8o
151
a7 i
Figure 4. Decrease in River Discharge in the Figure 5. Water Allocation for the Figure 6. Map of the Amu Darya River Basin
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Figure 2. Hydrological changes and the state of water resources in the Amu

CONCLUSION

of the Amu Darya River Basin.

Darya Basin (statistical indicators).
a) Retreat of the Fedchenko Glacier — [14];
b) Decline in water level in the lower reaches of the Amu Darya — [15];
¢) Construction of the Qosh Tepa Canal (Afghanistan) — [16];
d) 54-77% decrease in flow volume in the middle and lower reaches — [17];
e) Water withdrawal limits for the 2025-2026 water management year — [18];
f) Map of the Amu Darya Basin — [7].

The water-related problems currently facing the Amu Darya Basin fall into three
major categories:
Glacier melting. The glacier-covered area of the Panj and Vakhsh systems, the
river's main sources, is shrinking year by year [14, 21]. This is causing seasonal
changes in the hydrological regime.
Water allocation and limits. Under the ICWC agreement for the 2025-2026 water
management year, the total water-withdrawal limit for the Amu Darya has been set
at 55.4 billion cubic meters, of which 22 billion cubic meters have been allocated
to Uzbekistan [18]. However, ensuring these limits in practice becomes more

difficult during drought years [9].
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Anthropogenic pressure and new hydraulic infrastructure. The construction of
major projects such as the Qosh Tepa Canal may further increase the volume of
water withdrawn from the Amu Darya and intensify water scarcity in the lower
reaches [16].
Recommendations

To mitigate the water crisis in the Amu Darya Basin, the following fundamental
scientific and practical measures are necessary:
1. Engaging Afghanistan within the international legal framework. Uzbekistan and
other countries of the region should establish mutually beneficial agreements with
Afghanistan and, within the framework of the ICWC, introduce a strict regulatory
system, consistent with international norms, governing the volume of water
withdrawn through the Qosh Tepa Canal [16].
2. Improving the agro-industrial model. In the lower reaches of the Amu Darya —
the Khorezm and Karakalpakstan regions — it is advisable to optimize the area
under water-intensive crops and to widely introduce water-saving technologies,
particularly drip irrigation [19, 26].
3. Developing a digital hydrological monitoring system. It is necessary to convert
all hydrological posts along the Amu Darya to an automated online monitoring
system and, with the participation of BWO Amudarya, to ensure the transparency
and efficiency of water allocation [20].
Conclusion

The results of this study show that, under the influence of climate change and
anthropogenic pressure, significant changes are occurring in the hydrological
processes of the Amu Darya Basin. In particular, the shrinking of glacier area,
increased evaporation, and the irrational use of water resources are leading to a
decline in river flow and an intensification of water scarcity. This situation poses a
serious threat to the region's ecological stability, agriculture, and water security.

Therefore, improving the system of integrated water resources management in
the Amu Darya Basin, developing digital hydrological monitoring, widely

introducing water-saving technologies, and strengthening international cooperation
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on the rational use of transboundary water resources are among the most pressing

tasks.
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