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Groundwater resources in Uzbekistan are declining at an alarming rate. Monitoring data
from 21 districts across the country indicate that water table levels have dropped by 5
meters or more, posing a serious threat to long-term water security and ecological
stability. This study identifies the primary causes of groundwater depletion - including
inefficient water use, the absence of water-saving irrigation technologies, and the misuse
of drinking-quality water for non-potable purposes - and proposes targeted solutions.
The central innovation proposed is the establishment of an Artificial Aquifer Recharge
(AAR) system, through which surplus surface water is directed into underground layers
during non-irrigation seasons. Additional measures include the mandatory installation of
water meters at all abstraction points and the systematic adoption of drip irrigation
across agricultural areas. Implementation of these integrated measures is projected to
stabilize groundwater levels and secure water availability for future generations.1
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Introduction

Water is the most fundamental natural resource
for human life and civilization. Unlike fossil
fuels, for which alternatives such as solar
panels, wind turbines, and biofuels have been
developed, no viable substitute for freshwater
exists. This makes the sustainable management
of water resources a matter of existential
importance.

Globally, freshwater reserves are diminishing
due to climate change, population growth, and
unsustainable extraction practices. The United
Nations projects that by 2050, over five billion
people could face water shortages (UNESCO,
2022). Central Asia, including Uzbekistan, is
among the most water-stressed regions in the
world, largely due to its semi-arid climate and
high dependence on irrigated agriculture.
Uzbekistan's water supply depends heavily on
two sources: the Amu Darya and Syr Darya

rivers, and groundwater aquifers. Both are

under increasing pressure. The Aral Sea disaster
- one of the greatest environmental
catastrophes of the twentieth century - stands
as a stark warning of what mismanagement of
water resources can lead to.

Current data from the State Water Resources
Committee of Uzbekistan show that in 21
administrative districts, groundwater levels
have declined by 5 meters or more compared to
baseline measurements recorded several
decades ago. This trend is accelerating. If left
unaddressed, further depletion will lead to the
collapse of agricultural productivity, increased
desertification, and a public health crisis driven
by reduced access to clean water.

Groundwater is replenished naturally through
two main processes: infiltration from rivers and
canals, and percolation of precipitation. Both of
these replenishment sources have been
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weakened - river flows are regulated and
reduced upstream, and annual precipitation
across Uzbekistan has declined measurably
over the past two decades due to regional
climate shifts.

The aim of this study is threefold: (1) to analyze
the primary causes of groundwater depletion in
Uzbekistan; (2) to evaluate the feasibility of
artificial aquifer recharge as a remedial
strategy; and (3) to propose a practical,
integrated set of policy and technical
recommendations to reverse the current trend
and ensure long-term water security.

Materials And Methods

This study draws on publicly available
hydrological data published by the State
Committee for Water Resources of Uzbekistan,
as well as national environmental monitoring
reports, FAO water assessment reports for
Central Asia (2021), and peer-reviewed
literature on aquifer recharge technologies.
Statistical data on precipitation trends were
obtained from the Uzbekistan State
Hydrometeorological Service.

A qualitative and comparative research
approach was adopted. The study first identifies
and categorizes the root causes of groundwater
decline using a structured root-cause analysis
framework. Three major categories of causes
were examined:

> Demand-side factors: over-extraction,
inefficient irrigation practices, and misuse of
potable water for non-potable purposes;

> Supply-side factors: reduced river
inflows, declining precipitation, and diminished
natural recharge capacity;

> Governance-related factors: absence of
metering systems, lack of regulatory
enforcement, and insufficient adoption of
water-saving infrastructure.

Following this analysis, the Managed Aquifer
Recharge (MAR) approach was examined as a
potential solution. International case studies
from Israel, India, the Netherlands, and
Australia were reviewed to assess the
conditions under which MAR systems have been
successfully deployed, and to determine which

elements are transferable to Uzbekistan's
context.

The artificial recharge system proposed in this
study is based on the following operational
logic: during the non-irrigation season
(typically November through March), surplus
surface water from rivers and canals - water
that would otherwise flow away without being
utilized - is captured, filtered through natural or
constructed filtration beds, and directed into
underground aquifer layers via infiltration
basins or injection wells. This process mimics
and augments natural groundwater recharge.

Results

Analysis of available data identified three main
causes of groundwater decline in Uzbekistan:
Across the country, the majority of water
abstraction points - including wells, pumping
stations, and rural water supply systems - lack
automated flow meters. Without metering,
water extraction cannot be accurately
monitored, reported, or regulated. This leads to
systemic overuse. In many districts, farmers
pump significantly more groundwater than
crops require, with the excess either
evaporating or returning to the surface as
runoff.

Flood (surface) irrigation remains the dominant
method used in Uzbekistan's agricultural sector,
which accounts for approximately 92% of the
country's total water consumption. In flood
irrigation, water is applied to entire fields in
large quantities, with only a fraction reaching
crop roots. Studies indicate that drip irrigation -
which delivers water directly to root zones in
controlled amounts -can reduce agricultural
water consumption by 30 to 50 percent
compared to flood irrigation (FAO, 2021). The
lack of financial incentives and technical
capacity has slowed the transition to modern
irrigation methods.

Misuse of potable water for non-potable
purposes.

In many urban and peri-urban areas, drinking-
quality treated water is used for vehicle
washing, street cleaning, construction, and
industrial cooling. This practice places an
unnecessary burden on both surface and
groundwater  treatment  systems and
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contributes to faster depletion of high-quality
freshwater reserves.

Based on hydrological monitoring records, the
cumulative effect of these three factors has
resulted in a measurable and statistically
significant decline in groundwater levels across
21 districts. In the most severely affected areas,
the water table has fallen by over 5 meters,
placing shallow domestic wells below the
extraction threshold and forcing residents to
rely on deeper - and more expensive -
boreholes.

Reduced precipitation has compounded this
problem: annual average rainfall in several
regions of Uzbekistan has decreased by an
estimated 10 to 15 percent over the past two
decades (Uzbekistan Hydromet Service data),
further reducing the natural recharge capacity
of existing aquifers.

Discussion

The central proposal of this paper is the
establishment of a managed artificial recharge
system in areas where groundwater depletion is
most severe. The system would operate as
follows: During the non-irrigation period
(winter and early spring), excess surface water
from rivers, canals, and rainfall catchment
systems would be diverted into purpose-built
infiltration basins or recharge galleries.

Water would pass through natural filtration
media (gravel, sand, and soil layers) before
entering the aquifer, ensuring that recharge
water meets quality standards. Recharge
volumes and water table responses would be
monitored continuously using a network of
observation wells equipped with digital
sensors. In areas where surface infiltration is
constrained by geology, direct injection wells
could be employed to recharge deeper confined
aquifers.

This approach is not theoretical: Managed
Aquifer Recharge (MAR) is already operational
in over 50 countries. In Israel, the Dan Region
Reclamation Project has been recharging
aquifers with treated wastewater since the
1970s, providing a reliable secondary water
source for agriculture. In India, the Atal Bhujal
Yojana program involves thousands of village-
level recharge structures. These precedents

demonstrate that MAR is technically feasible,
cost-effective over the long term, and scalable to
regional needs.

Artificial recharge alone will not be sufficient
without parallel improvements to water
governance and infrastructure. The following
supporting measures are recommended:

All groundwater abstraction points - including
agricultural wells, municipal pumping stations,
and industrial boreholes - must be equipped
with certified flow meters. Real-time data from
these meters should be fed into a centralized
national water accounting database. This single
measure would dramatically improve the
accuracy of water use statistics and enable
regulatory enforcement Universal installation
of water meters.

Government subsidies and low-interest loan
programs should be introduced to accelerate
the adoption of drip irrigation and sprinkler
systems among smallholder farmers. Pilot
programs should be established in the most
water-scarce districts as demonstration
projects. Training programs for farmers on
efficient irrigation scheduling and soil moisture
monitoring should accompany infrastructure
investments Systematic expansion of water-
saving irrigation.

A tiered pricing system should be introduced
whereby water used for potable purposes is
priced at standard rates, while water used for
vehicle washing, industrial cooling, and non-
essential commercial purposes is subject to
premium tariffs. Revenue generated from
higher-tier pricing could be reinvested into
water infrastructure upgrades. Tiered water
pricing and regulatory differentiation.

In rural and mountainous areas, low-cost
rainwater collection systems (roof catchments,
underground cisterns) can reduce dependence
on groundwater for household use and
simultaneously supplement local recharge.
Rainwater harvesting at the household and
community level.

Beyond stabilizing water tables, the proposed
measures carry additional environmental and
social benefits. Restored groundwater levels
would support wetland ecosystems that depend
on shallow groundwater, contribute to
maintaining river baseflows during dry seasons,
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and reduce land subsidence in areas where
aquifer compaction has occurred due to over-
extraction.

From a social equity perspective, declining
groundwater disproportionately affects rural
and low-income communities that depend on
shallow wells and cannot afford deepened
boreholes. Stabilizing water tables would
directly improve the daily lives of these
populations by ensuring reliable access to water
for domestic and agricultural use.

The implementation of the proposed system
faces several practical challenges that must be
acknowledged. First, artificial recharge requires
initial capital investment in infrastructure
(infiltration basins, pipelines, monitoring
networks), which demands coordinated funding
from government and potentially international
development partners. Second, the geological
suitability of target recharge zones must be
assessed through hydrogeological surveys
before infrastructure 1is installed. Third,
institutional capacity for monitoring and
adaptive management must be built within the
relevant government bodies. Finally, public
awareness campaigns will be needed to ensure
community buy-in and to change water use
behaviors at the household level.

Conclusion

This study has demonstrated that groundwater
depletion in Uzbekistan is a multi-causal
problem driven by inefficient extraction
practices, outdated irrigation methods, misuse
of treated water, and declining natural recharge
from both rivers and precipitation. Without
intervention, the water table decline in 21
affected districts will intensify, threatening
agricultural productivity, rural livelihoods, and
ecological stability.

The proposed Artificial Aquifer Recharge (AAR)
system offers a technically proven and
economically viable pathway to reverse this
trend. By directing surplus surface water into
depleted aquifers during non-irrigation
seasons, and by pairing this infrastructure
investment with metering, modern irrigation,
and improved water governance, Uzbekistan
can transition from reactive crisis management
to proactive long-term water security.

The following key conclusions are drawn from
this research:

Groundwater depletion in Uzbekistan is
primarily driven by human activity and is
therefore reversible through targeted policy
and technical interventions. Managed Aquifer
Recharge (MAR) is the most promising large-
scale solution, with well-documented success in
comparable climatic and agricultural contexts
worldwide.

Universal water metering is a prerequisite for
effective water governance and must be
implemented as an urgent priority. Agricultural
water efficiency can be improved significantly
through incentive-driven adoption of drip
irrigation and updated irrigation scheduling
practices. Differentiated water pricing and
public education are essential behavioral
change tools that complement infrastructure
investments.

Our ancestors said: 'Do not spit into water; do
not throw waste into water.' These words carry
a scientific truth: water is irreplaceable. It is the
responsibility of the present generation to
protect groundwater reserves and pass them on
intact to those who will come after us. Water is
not merely a resource - it is life itself.
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