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ABSTRACT

Irrigated agriculture remains central to food security in Uzbekistan, but regional evidence on the productivity
implications of water scarcity is often limited by public-data constraints. The analysis builds a reproducible open-
data panel for thirteen agricultural regions of Uzbekistan over 2010-2024 and examines how wheat productivity
relates to irrigation-resource pressure. Wheat yield is calculated from official SIAT statistics on wheat production
and wheat sown area. Irrigation-resource pressure is represented by irrigated sown area and by the ratio of wheat
area to total irrigated sown area. National irrigation-water withdrawal data provide the system-level context for
2013-2024. The empirical strategy uses two-way fixed-effects panel models with region and year effects;
inference is checked with region-clustered, HC3 and panel-HAC standard errors. Irrigation withdrawals for
agriculture declined from 48.9 km?® in 2013 to 39.9 km® in 2024, while national wheat yield rose from 4.72 to 5.32
tons hal. Regional productivity differences remained wide: average wheat yield ranged from 2.65 t tons hain
Karakalpakstan to 6.60 tons ha'in Andijan. The fixed-effects estimates do not provide stable evidence that broad
irrigated-area indicators alone explain regional wheat yield after accounting for region-specific characteristics and
national year shocks. The pressure proxy is negative, but inference is sensitive to the covariance estimator. The
results do not diminish the importance of water scarcity; rather, they show that aggregate region-year open
statistics cannot identify field-level irrigation adequacy, canal reliability, salinity exposure or farm-management
responses. The article provides a transparent baseline and specifies the higher-resolution data needed for credible
economic valuation of water scarcity.

Keywords: Agricultural productivity, Irrigated area, Open data, Panel data, Water scarcity, Wheat yield.
Avrticle type: Research Article.

INTRODUCTION

Water scarcity has become one of the main limits on agricultural adjustment in dryland economies. In irrigated
farming systems the constraint is not only the volume of water available at national scale. Yield outcomes also
depend on the timing of delivery, the condition of canals and drainage, soil salinity, crop choice, and the capacity
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of farms to convert each cubic metre of water into harvestable output. Recent water-productivity research therefore
treats irrigation water as part of a wider production system rather than as a single input that can be judged only by
withdrawals or irrigated area. Uzbekistan is a useful case for examining this problem because wheat production
is strategically important and remains closely tied to the irrigation and drainage network. A 2024 World Bank
policy note describes irrigation and drainage as the backbone of the country’s agricultural and food systems and
reports that more than 95% of crop production depends on this network. The same assessment argues that future
reform should move from expenditure-centred infrastructure planning toward service-oriented and performance-
based irrigation management. That policy diagnosis creates a clear empirical question: how much can be learned
from the official open statistics that are already available, and where do those data become too coarse for causal
inference?

Recent peer-reviewed studies sharpen the relevance of that question. Babadjanova et al. (2024) analyse whether
domestic wheat farming can meet climate-induced food-security challenges in Uzbekistan and show that climate
and salinity risks cannot be separated from wheat supply prospects. Hamidov et al. (2024) examine the governance
of water- and energy-saving technologies in Uzbekistan and underline that technological adoption depends on
institutional coordination, not on engineering feasibility alone. Khasanov et al. (2025) study small-reservoir
options in Kashkadarya Province and show how local storage can be framed as an adaptation response to
agricultural water scarcity. These studies provide strong sectoral evidence, but they do not substitute for a
transparent national or regional open-data baseline. New spatial and modelling evidence also points to a
measurement problem. Worglul et al. (2025) estimate green and blue water footprints for irrigated crops in the
Chirakchi Watershed and report increasing reliance on irrigation under declining rainfall conditions. VVeysi et al.
(2024) propose a framework for interpreting WaPOR water-productivity indicators and show that gross and net
productivity measures can lead to different conclusions. Khamidov et al. (2022) document salinity dynamics in
Khorezm under climate change, while Rakhmatova et al. (2024) project drought risks for Uzbekistan under RCP
and SSP scenarios. Together, these studies indicate that water scarcity affects wheat productivity through field-
level and seasonal mechanisms that are not fully visible in regional annual statistics. The empirical design of the
present article is deliberately conservative. It uses only open internet sources: SIAT regional indicators for wheat
production, wheat sown area, irrigated sown area and irrigation-water withdrawal. Wheat yield, irrigation-water
intensity and an irrigation-pressure proxy are recalculated from these raw indicators, and the resulting panel covers
thirteen agricultural regions over 2010-2024. No administrative water-delivery files, field surveys, or unpublished
irrigation-system records are inserted. This restriction makes the analysis reproducible, but it also narrows the
interpretation of the econometric results. Three questions guide the analysis. First, what do open official data show
about national irrigation-water withdrawals and wheat productivity during 2010-2024? Second, are broad regional
proxies for irrigation scale and irrigation pressure statistically related to wheat yield after region and year fixed
effects are included? Third, can the available open-data panel support monetary estimates of water-scarcity losses,
or should such estimates wait for crop-specific and irrigation-system-level water-delivery data? The answer
matters for environmental economics because over-precise loss estimates based on coarse indicators can mislead
policy as much as the absence of estimates. The manuscript therefore offers a transparent empirical baseline for
Uzbekistan. It separates verified open-data evidence from unobserved field-level mechanisms and identifies the
additional information needed for stronger causal assessment. In this sense, the analysis complements remote-
sensing and hydrological studies: it does not replace field or basin-scale water accounting, but shows how far
official open statistics can be used without creating unsupported claims.

Literature review

Research on agricultural water scarcity has moved away from using withdrawals alone as a measure of pressure.
Molden et al. (2010) and Zwart et al. (2010) established that water productivity should be interpreted through
both crop output and consumptive water use. Bastiaanssen & Steduto (2017) later developed a remote-sensing-
based water productivity score for wheat, rice and maize, making clear that satellite-derived evapotranspiration
can improve the comparability of water productivity across regions. These approaches are especially relevant in
data-scarce irrigated systems because water delivered to fields is often not publicly observable. A related debate
concerns the difference between field-level efficiency and basin-level water saving. Grafton et al. (2018) warn
that irrigation-efficiency investments may fail to reduce total depletion if saved water is reused, reallocated or
encourages expansion. Ozcelik et al. (2021) similarly caution that water-productivity indicators can point policy
in the wrong direction when they ignore hydrological context. For Uzbekistan, this means that rising wheat yield
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under falling aggregate irrigation withdrawals cannot automatically be read as proof of successful water saving at
crop level. It may reflect agronomic change, crop-area adjustment, weather, data aggregation, or unobserved
reallocation of water among users. The economic water-scarcity literature adds another layer. Rosa et al. (2020)
distinguish physical scarcity from economic scarcity, where production is constrained by access, infrastructure,
finance or governance even when water exists somewhere in the system. Vallino et al. (2020) show that economic
water scarcity in agriculture can be measured empirically but requires careful country-level interpretation.
Hermans et al. (2025), focusing on rural Central Asia, argue that water scarcity interacts with climate change,
livelihoods and mobility, making purely technical interpretations incomplete. These arguments fit the Uzbek
context, where irrigation reliability, drainage quality and institutional performance affect production decisions.
Recent Uzbekistan-specific research has become more detailed. Babadjanova et al. (2024) combine climate-
change and salinity considerations in an assessment of national wheat security and show that wheat supply is
vulnerable to environmental stress. Hamidov et al. (2024) examine water- and energy-saving technology
governance and conclude that institutional complementarity is important for the adoption of innovations.
Khasanov et al. (2025) analyse small reservoir construction in Kashkadarya Province as a strategy for agricultural
water scarcity, linking local storage to adaptation. These studies justify the focus on wheat and irrigation, but they
also show why a national open-data panel should not be interpreted as a complete water-accounting model.
Remote-sensing and water-footprint studies give the clearest evidence on mechanisms. Worglul et al. (2025)
evaluate the water footprints of cotton, wheat, carrot and potato in the Chirakchi Watershed and find declining
rainfall contributions and stronger dependence on blue water for dominant crops. Veysi et al. (2024) show that
WaPOR-based indicators require careful interpretation because gross and net water productivity may tell different
stories. Khamidov et al. (2022) show that salinity in Khorezm is linked to climate change and water-management
conditions; their findings are important because salinity can reduce yields even where irrigated area appears stable.
Rakhmatova et al. (2024) add evidence on drought risks under climate scenarios, reinforcing the need to connect
crop statistics with meteorological and soil information. Taken together, the literature defines a specific empirical
gap. Official open statistics can describe national irrigation-water withdrawals, regional wheat yields and
irrigated-area structure over time. They cannot show how much water reached wheat fields, when it arrived, how
much was consumed as evapotranspiration, or how salinity and drainage changed within the growing season. The
analysis below addresses that gap by testing what is observable in open regional statistics and by avoiding the
conversion of weak proxies into unsupported monetary loss estimates.

MATERIALS AND METHODS

Study area, data and constructed variables

The empirical sample contains thirteen agricultural regions of Uzbekistan: the Republic of Karakalpakstan and
the regions of Andijan, Bukhara, Jizzakh, Kashkadarya, Navoi, Namangan, Samarkand, Surkhandarya, Syrdarya,
Tashkent, Fergana and Khorezm. Tashkent City is excluded, since it is not comparable as an agricultural
production region. The period 2010-2024 gives a balanced panel of 195 region-year observations. The database
is built from open official statistics. Wheat production in all categories of farms, wheat sown area and irrigated
sown area are taken from the SIAT portal of the Statistics Agency under the President of the Republic of
Uzbekistan. National irrigation-water withdrawal is taken from the SIAT indicator prepared by the Ministry of
Water Resources. All variables used in the econometric models are either directly reported in those sources or are
calculated from them. Wheat yield is calculated as wheat production divided by wheat sown area. Because wheat
production is reported in thousand tons and area in hectares, the constructed yield variable is expressed as tons
per hectare. Irrigation pressure is proxied by the ratio of wheat sown area to total irrigated sown area. This ratio
should not be read as water delivery to wheat; it measures how much of the region's irrigated cropping base is
occupied by wheat. Total irrigated sown area is used as a broader indicator of the scale of irrigated agriculture.

Table 1. Data sources and constructed variables.

Variable Source Unit Coverage
Wheat production SIAT indicator 1.03.03.0010 thousand tons  region-year, 2010-2024
Wheat sown area SIAT indicator 1.03.03.0065 / wheat sown area ha region-year, 2010-2024
Irrigated sown area SIAT indicator 1.03.03.0074 ha region-year, 2010-2024
Irrigation-water withdrawal SIAT indicator 3.01.02.0002 million m? national, 2013-2024
Wheat yield Author calculation tons ha* region-year, 2010-2024
Irrigation-pressure proxy Author calculation ratio region-year, 2010-2024

Note: The analysis uses only open data; no administrative or non-public dataset is inserted in the manuscript.
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Econometric specification

The baseline model is a two-way fixed-effects specification. The dependent variable is the logarithm of regional
wheat yield. Region fixed effects control for time-invariant differences in soils, irrigation infrastructure, historical
cropping patterns and geography. Year fixed effects control for national shocks that affect all regions, including
policy changes, national weather conditions and common market factors. Three specifications are estimated.
Model 1 relates log wheat yield to log irrigated sown area. Model 2 adds log wheat sown area to separate the scale
of wheat cultivation from the broader irrigated base. Model 3 replaces irrigated area with the log of the wheat-
area-to-irrigated-area ratio. Standard errors are clustered by region in the main table. Because the number of
regions is modest, the replication package also reports HC3 and panel-HAC checks. The estimates are interpreted
as regional associations after fixed effects, not as field-level crop-water production functions. The formulas and
the final CSV files were recalculated before submission. The maximum absolute discrepancy between stored and
recalculated wheat yield, log yield, irrigation pressure, national water intensity and national wheat yield is zero
within numerical rounding. The replication package includes the rechecked panel, national water-intensity series,
model table and calculation-audit file.

RESULTS

The results are presented in three steps. The first describes the national water-withdrawal context. The second
summarises regional productivity differences. The third reports fixed-effects estimates and robustness checks.
This sequence prevents a common interpretation error: national withdrawals, regional yield gaps and within-
region panel coefficients measure different things.

National irrigation-water context

Irrigation water withdrawn for agriculture fell from 48.9 km3 in 2013 to 39.9 km? in 2024, a change of -18.4%
percent. Water withdrawal per irrigated hectare fell by 9.3% over the same period, from 14638 to 13272 m?® per
hectare. National wheat yield moved in the opposite direction, rising from 4.72 to 5.32 tons ha™*. The national
pattern suggests that aggregate productivity gains occurred despite lower water-withdrawal intensity, but it does
not prove that water stress became less important at the farm level.

Table 2. National irrigation-water context, selected years.
Year Irrigation withdrawal (million m®)  Irrigated area (ha) m3 per irrigated ha  National wheat yield (ton ha)

2,013.0 48,912.3 3,341,497.0 14,637.8 4.720
2,017.0 53,745.0 3,143,387.0 17,097.8 4.308
2,021.0 38,452.1 3,017,473.0 12,743.1 4.566
2,024.0 39,9345 3,008,836.0 13,272.4 5.325

Note: Water intensity is calculated as irrigation withdrawal divided by national irrigated sown area.

National irrigation withdrawals and water intensity (2013-2024)
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Fig. 1. Irrigation-water withdrawals and water witnarawn per irrigatea nectare in Uzbekistan, 2013-2024. Reading note: The
left axis shows total irrigation water taken for agriculture; the right axis normalizes the same withdrawal by irrigated sown
area. The decline after 2020 is visible in both measures.
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Yield gains alongside lower water-withdrrawal intensity
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Fig. 2. National wheat yield and irrigation-water intensity, 2013-2024. Reading note: The figure is descriptive. It shows that
national yield rose while water-withdrawal intensity fell, but it does not identify whether the yield increase came from varieties,
management, regional composition or irrigation reliability.

Regional wheat productivity

Regional wheat productivity differs strongly across Uzbekistan. Over 2010-2024, Karakalpakstan had the lowest
mean wheat yield at 2.65 tons ha', while Andijan had the highest mean yield at 6.60 tons ha. These differences
are not water effects by themselves. They combine soils, temperature, salinity, irrigation infrastructure, seed
varieties, farm practices and crop-allocation history.

Table 3. Regional wheat productivity and irrigated-area indicators, 2010-2024

Region Meanyield Minimumyield Maximumyield Mean irrigated area Mean pressure proxy
Karakalpakstan 2.646 2.131 3.012 256,364.0 0.256
Jizzakh 3.398 2.561 4.444 250,636.8 0.568
Kashkadarya 3.950 3.261 4.490 380,666.5 0.581
Tashkent 4.191 3.412 4732 304,870.8 0.412
Samarkand 4.457 3.238 5.195 285,481.8 0.568
Syrdarya 4.687 4172 5.283 215,755.7 0.416
Khorezm 5.025 4131 7.163 218,762.7 0.240
Navoi 5.071 4.204 5.822 94,069.9 0.477
Namangan 5.372 4.495 6.459 205,054.7 0.416
Surkhandarya 5.383 4.297 6.815 245,065.0 0.458
Fergana 5.899 4.145 7.697 270,289.8 0.429
Bukhara 6.158 5.724 6.549 240,330.1 0.346
Andijan 6.600 5.944 7.578 219,620.4 0.369

Note: Regions are ordered by mean wheat yield. The pressure proxy is wheat sown area divided by irrigated sown area.

The baseline coefficient of log irrigated sown area is small and statistically insignificant under region-clustered
inference. After adding wheat sown area as a control, the irrigated-area coefficient remains statistically weak. The
wheat-area coefficient is negative, which is consistent with the idea that expanding wheat over less favourable
land may reduce average Yyield, but the result is not stable across robust inference methods. The pressure proxy
has the expected negative sign: when wheat occupies a larger share of the irrigated cropping base, regional yield
tends to be lower after fixed effects. However, the statistical inference is sensitive to the covariance estimator.
Region-clustered and panel-HAC p-values do not support a strong claim, while the HC3 check is more suggestive.
The manuscript therefore avoids converting the coefficient into monetary damage. The correct reading is that open
regional data point to a plausible pressure channel but do not provide a stable causal estimate.
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Regional wheat productivity gaps (2010-2024)
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Fig. 3. Mean regional wheat yield, 2010-2024; Reading note: This between-region comparison is a diagnostic description,
not a causal ranking. Low mean yield in Karakalpakstan should be investigated together with salinity, climate and local
irrigation reliability.
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Fig. 4. Wheat-yield trends for selected regions; Reading note: The figure selects regions with contrasting average yields and
water-stress conditions to avoid overcrowding. Full regional data are included in the replication files.

Panel estimates
Table 4. Two-way fixed-effects estimates of wheat productivity.

Cluster Cluster C° HAC-
Model Variable Coefficient p- panel N R?
SE p-value
value p-value

M1: FE baseline In(irrigated sown area) -0.049 0.175 0.782 0.768 0.777 195 0.890
M2: FE with Inirrigated sown area)  0.071 0202 0732 0647 0672 195 0.897
wheat area
M2: FE with In(wheat sown area) -0.411 0315 0216 0018 0068 195 0.897
wheat area
M3: FE pressure Inwheat area / -0.274 0224 0245 0034 0094 195 0.894
proxy irrigated area)

Note: Dependent variable is log wheat yield. All models include region and year fixed effects. Cluster p-values use region-clustered
standard errors; HC3 and panel-HAC p-values are shown as sensitivity checks.
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Irrigation-pressure proxy and wheat yield
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Fig. 5. Irrigation-pressure proxy and wheat yield, region-year observations. Reading note: The fitted line is descriptive and
uses pooled observations. It helps visualize the negative association, but the fixed-effects estimates in Table 4 are the basis
for inference.

Fixed-effects estimates: Mean irrigation variables
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Fig. 6. Fixed-effects coefficient estimates with region-clustered 95% confidence intervals; Reading note: Intervals crossing
zero show why the paper does not report a precise economic-loss estimate from the available open regional panel.

Open-data architecture and interpretation boundary
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Fig. 7. Open-data architecture used in the empirical assessment; Reading note. The figure separates measured open-data
variables from unobserved water-delivery mechanisms. This boundary is central to the interpretation of the results.
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DISCUSSION

The empirical findings should be read together with the literature on water productivity and irrigation
management. National irrigation withdrawals declined, but national wheat yield increased. This pattern can occur
when agronomy improves, wheat area contracts, low-yield plots leave production, or farm management becomes
more effective. It can also occur when national data hide local shortages. Aggregate water withdrawal is a system-
level indicator; it is not the same as crop-specific irrigation adequacy. The weak and unstable fixed-effects
relationship between regional yield and broad irrigated-area indicators does not mean that water scarcity is
harmless. The indicators used here are intentionally coarse because the article relies only on open data. Actual
field outcomes depend on water timing, depth, salinity, canal reliability, groundwater pumping, drainage condition
and management response. None of these mechanisms is measured directly in the public regional panel. Recent
Uzbekistan-specific studies help explain why higher-resolution evidence is needed. The Chirakchi watershed
water-footprint analysis separates green and blue water and reports rising dependence on irrigation for dominant
crops. The wheat food-security projections show that temperature and salinity can reduce future wheat supply.
Small-reservoir analysis in Kashkadarya shows how GIS and remote sensing can identify locally relevant water-
storage interventions. These papers work at spatial and process scales closer to the mechanisms that aggregate
regional statistics cannot observe. For environmental-economics assessment, the central lesson is methodological
discipline. A regional open-data panel is valuable for establishing trends and testing broad associations. It should
not be used to assign exact monetary losses to water scarcity unless the necessary exposure variables are observed.
A stronger valuation study would combine crop-specific water delivery, evapotranspiration from WaPOR, rainfall
from CHIRPS, heat-stress indicators from ERA5-Land, vegetation indicators from MODIS, and salinity or
drainage data with official crop statistics.

Policy implications

First, official crop and water statistics should be linkable at crop, district and irrigation-system levels. The public
regional data are useful, but they separate wheat production from the actual water delivered to wheat fields. This
separation prevents reliable economic valuation of water scarcity. Second, water-saving policies should be
evaluated at the irrigation-system and basin level, not only at the field level. Efficiency improvements can raise
farm productivity without reducing total depletion if saved water is reused or if irrigated area expands. Third,
remote sensing should be treated as a complement to official statistics. WaPOR, MODIS, CHIRPS and ERA5-
Land can provide evapotranspiration, vegetation, rainfall and temperature indicators at spatial scales closer to crop
processes. The most useful monitoring system would combine these layers with official production and irrigation-
service records. Fourth, northern and environmentally stressed regions need separate diagnostics.
Karakalpakstan's low average wheat yield does not by itself identify the cause, but it is a strong signal that salinity,
water reliability, drainage and agronomic management should be analysed together.

Limitations

The analysis is restricted to open internet data. This improves reproducibility and allows independent checking,
but it also limits causal claims. The database does not contain actual water delivery to wheat fields, intra-seasonal
irrigation timing, salinity of irrigation water, groundwater substitution, farm technology, soil quality or canal
reliability. For this reason, the coefficients are not converted into monetary damage values. The panel is regional
rather than district- or field-level. Some water scarcity effects may be visible only at finer spatial scales or during
specific growth stages of wheat. Cotton and horticultural crops are also relevant for water scarcity, but comparable
open data should be audited crop by crop before they are included in the same model.

CONCLUSION

Open data show that irrigation-water withdrawals for agriculture declined between 2013 and 2024, while national
wheat yield increased. Regional wheat-yield gaps remained large during 2010-2024, with the lowest mean yield
in Karakalpakstan and the highest mean yield in Andijan. These descriptive patterns are important for policy, but
they do not automatically measure the economic cost of water scarcity. Two-way fixed-effects estimates do not
provide stable evidence that broad irrigated-area indicators alone explain regional wheat productivity after region
and year effects are controlled. The pressure proxy has a negative sign, but inference is not strong enough to
support a monetary damage estimate. The most defensible conclusion is therefore practical: open regional
statistics are a strong starting point for transparency, but field-level water delivery, evapotranspiration, rainfall,
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heat stress, salinity and farm-management data are necessary for credible causal valuation. The article leaves a
reproducible baseline for further work. Its main value is not an overstated coefficient, but a clear separation
between verified open-data evidence and the higher-resolution water-accounting information required for sound
irrigation and food-security policy.
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