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INTERACTION OF SURFACE AND GROUNDWATER
IN THE MIRZACHUL IRRIGATED REGION UNDER
CLIMATE CHANGE CONDITIONS

Mirzachul is one of the largest irrigated regions of Uzbekistan, where the
sustainability of agricultural production depends on the interaction of surface water,
groundwater, irrigation networks, and the collector-drainage system. In arid
conditions, water use efficiency determines not only crop yields but also the soil-
reclamation status, groundwater level, and the intensity of salinization processes.
Therefore, Mirzachul should be considered as a complex hydro-reclamation system
in which water exchange, salt migration, and reclamation processes are closely
interconnected.

The region's water supply is associated with the Syr Darya River and the main
and inter-farm irrigation networks. However, the volume of incoming water is
determined not only by natural river flow but also by the hydrological conditions of
the upper basin, reservoir operations, irrigation limits, economic needs, and seasonal
distribution of water resources. Consequently, instability in water supply directly
affects the irrigation regime, groundwater recharge, drainage runoff, and soil
salinization processes.

Under climate change conditions, the load on this system increases. Rising
temperatures, intensified evaporation, and seasonal changes in precipitation and river
flow patterns can reduce the sustainability of water resources in arid regions. For
Mirzachul, this risk manifests not only in potential water resource reductions but also
in increased irrigation demand, instability of the groundwater regime, greater burden
on the drainage system, and intensified secondary salinization. In this regard,
assessing the interaction of surface and groundwater as a unified water-salt system is
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a relevant task for identifying reclamation risks under climate change conditions.

2. Materials and Methods

The irrigated lowland areas of Mirzachul adjacent to the Jizzakh and Sirdarya
regions were selected as the study territory. The region is characterized by an arid
climate, flat relief, alluvial-proluvial deposits, weak natural drainage, and high
dependence on irrigation and drainage systems. In this study, Mirzachul is
considered as a unified hydro-reclamation system in which surface water,
groundwater, drainage runoff, and soil salinization are interconnected.

The study used statistical and reclamation data for the Jizzakh and Sirdarya
regions: water use limits and actual water intake, information on irrigation and
collector-drainage networks, collector runoff volume and mineralization, as well as
groundwater level and mineralization. The data were analyzed through inter-
territorial comparison, with non-synchronous indicators considered indicative for
identifying the hydro-reclamation differentiation of the region.

The methodological basis of the study comprised comparative-geographical
analysis, comparison of hydro-reclamation indicators, statistical generalization, and
a systems approach. This made it possible to assess the interrelationship of
irrigation, filtration, groundwater recharge, drainage runoff, and salt migration as a
unified water-salt system under climate change conditions.

3. Results and Discussion

The analysis shows that the formation of surface and groundwater in Mirzachul
is determined by a combination of natural-geographical, hydrogeological, and
anthropogenic factors. The territory has a flat-depressional character and is
composed primarily of alluvial-proluvial deposits, which strengthens the
interrelation between surface runoff, groundwater, and salt migration. Before the
widespread development of irrigation, groundwater across most of the territory lay
relatively deep, although in local depressions it was closer to the surface. With the
expansion of the irrigation network, filtration from canals and fields, along with
varying drainage efficiency, altered the natural groundwater regime and gave it an
anthropogenically regulated character.

This allows Mirzachul to be considered not only as an irrigated plain but also
as a complex hydro-reclamation system where water movement, groundwater
recharge, drainage runoff, and the redistribution of salts are closely interconnected.
In arid conditions, even small changes in the water balance can affect groundwater
level, soil moisture, and salinization processes. Therefore, the impact of climate
change in Mirzachul must be assessed through the state of the water-salt system and
reclamation processes.
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The surface water supply of Mirzachul is mainly associated with the Syr Darya
River and the main and inter-farm irrigation networks. However, the volume of
incoming water is determined not only by natural river flow but also by the
hydrological conditions of the upper basin, reservoir operations, irrigation limits,
economic demand, and seasonal water resource management. Consequently, the
water supply of the region is a natural-anthropogenic system.

Data on water intake in the Jizzakh and Sirdarya regions for 2019-2024 show
pronounced territorial differences. In the Jizzakh region, in some years of the
growing season, the water use limit was not fully met, whereas in subsequent years
the actual water intake approached the established limits. In the Sirdarya region, by
contrast, during the growing season the actual water intake in many cases exceeded
the established limit, reflecting a higher water demand and increased load on the
water distribution system in the lower irrigation zones (Table 1).

Table 1
General characteristics of water intake indicators
in the Jizzakh and Sirdarya regions
Territory | Growing Autumn- Main interpretation
season winter season
Jizzakh 77-100% 94-229% Water supply is unstable in some years; winter
region load from leaching and moisture-recharge
irrigation increases
Sirdarya 120-263% | 72-110% Growing-season water intake often exceeds the
region limit; high load on the water distribution system
Overall Territorially | Seasonally Water regime depends on natural flow and water
assessment | variable variable resource management

The results confirm that the Mirzachul surface water system is not only a water
supply infrastructure but also a critical factor directly influencing groundwater
recharge, drainage runoff, and salinization processes. The increase in water demand
during the growing season, together with the continuation of leaching and moisture-
recharge irrigation in the autumn-winter period, shows that the water regime
throughout the year is formed in close connection with the reclamation system.

In Mirzachul conditions, the collector-drainage system is one of the key links
ensuring the reclamation sustainability of irrigated lands. Its main function is to
remove excess moisture from the system, maintain the groundwater level at an
optimal depth, and flush soluble salts from the soil profile. If drainage networks
operate insufficiently effectively, water entering groundwater horizons through
irrigation and filtration generates excessive recharge. As a result, the groundwater
level rises, capillary rise intensifies, and the risk of secondary salinization of the
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upper soil horizons increases.

The technical condition of drainage networks in the Jizzakh and Sirdarya
regions reveals significant problems in this system. In the Jizzakh region, 45.3% of
drainage networks are assessed as satisfactory, 44.3% as unsatisfactory, and 10.4%
as unusable. In the Sirdarya region, 52.1% of closed horizontal drains are in
satisfactory condition, and 47.9% are in unsatisfactory condition (Table 2).

Table 2
Technical condition of drainage networks in the Jizzakh and Sirdarya regions
Territory Total length, Satisfactory Unsatisfactory | Unusable
km condition, % condition, % condition, %
Jizzakh region 13,163.2 453 443 10.4
Sirdarya region 8,218.07 52.1 479 —

The data in the table show that nearly half of the drainage networks in both
regions are in unsatisfactory condition, which limits groundwater level regulation
and increases the risk of waterlogging and soil salinization.

Assessment of the collector-drainage system also reveals differences in runoff
volume and mineralization. In the Jizzakh region, the runoff of main collectors
increased from 609.38 million m?® in 2010 to 908.64 million m?® in 2024, while
mineralization rose from 3.40 to 4.18 g/L. In the Sirdarya region, by contrast, collector
runoff decreased from 606.75 to 204.05 million m?, yet mineralization remained at
2.0-2.5 g/L. This indicates the persistence of water-salt risk in both regions.

Groundwater is one of the key indicators of the reclamation status of irrigated
lands in Mirzachul. Inflow of irrigation water, filtration from canals, and in-field
losses enhance groundwater recharge. When drainage efficiency is insufficient, this
leads to a rise in the groundwater level, capillary rise of salts, and an increased risk
of secondary soil salinization.

In the districts of the Jizzakh region adjacent to Mirzachul, groundwater
predominantly lies at a depth of 2.0-3.0 m, whereas in the lower irrigation zones of the
Sirdarya region, a range of 1.5-2.0 m is more common. This indicates a higher
salinization risk in the Sirdarya region. The presence of groundwater with mineralization
of 3-5 g/L in both territories confirms the tension in the water-salt regime.

Disruption of the balance between irrigation and drainage leads to instability
in the groundwater regime: in some areas a rise may occur, while in others
groundwater recharge may decrease. In combination with mineralized collector
runoff and intensive evaporation, this increases the risk of secondary salinization
and water quality deterioration. Consequently, the climate risk for Mirzachul
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manifests primarily as a disruption of the equilibrium between water supply,
groundwater, drainage, and salt migration.

4. Conclusion

The main goal of this article was to assess the interaction of surface and
groundwater in the irrigated areas of Mirzachul under climate change conditions, as
well as to identify the key hydro-reclamation risk factors affecting the water-salt
balance. The results of the study showed that water resources, irrigation networks, the
collector-drainage system, groundwater level, and salinization processes in Mirzachul
are formed not in isolation but as elements of a unified hydro-reclamation system.

Overall, when assessing the impact of climate change on the Mirzachul
territory, it is necessary to consider surface water, groundwater, the collector-
drainage system, and salinization processes as a unified water-salt system. Such an
approach creates an important scientific and practical basis for preserving the
reclamation sustainability of irrigated lands, efficient use of water resources, and
mitigating future risks associated with climate change.
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