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ABSTRACT ARTICLE HISTORY

This study is the first to develop food supply and demand projec- Received 9 May 2023

tions over the 21st century for Uzbekistan by considering the Accepted 28 November 2023
combined effects of climate change and soil salinization. The KEYWORDS

stu.d)_/ reSL_JIts suggest that rising summer temperatures a_md_soil Climate change impact; food
salinity will considerably reduce wheat production. Projections security; irrigated wheat
indicate that a large wheat supply—-demand gap will emerge in farming; crop yield

the midterm, particularly under the SSP3-RCP7.0 scenario. For the simulation; soil salinity;
two more pessimistic scenarios, supply losses of about 24-29% are Uzbekistan

expected by the end of the century. Supply-demand gaps of up to

2.7 million tons of wheat would pose serious challenges to national

food security.

Introduction

Global climate change poses a serious threat to the ecosystems, food production
and industries in many parts of the world (Intergovernmental Panel on Climate
Change [IPCC], 2022). Uzbekistan is one of the hotspots of global warming, with
numerous studies having made evident that global warming is causing a reduction
in river runoff and increasing water scarcity in the region (Gosling & Arnell, 2016;
Reyer et al., 2017). Irrigated agriculture, which accounts for about 90% of total water
withdrawals in Central Asia, is the most vulnerable to temperature variations and
reduced water supply (Frenken, 2013). Increasing crop water consumption require-
ments and evaporation losses from irrigation systems have already added to the
water deficit challenge in the region (Reyer et al., 2017). Recent research has focused
on the impact of climate change on total factor productivity growth in agriculture
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(Kirui et al., 2023; Ortiz-Bobea et al., 2021). Climate change-induced water supply
reductions in the region will lead to considerable financial losses within and outside
agriculture (Bekchanov, 2014; Bekchanov & Lamers, 2016). Previous studies have
suggested that climate change might have a positive impact on certain subregions
in the short term (Mirzabaev, 2013; Sommer et al., 2013); however, widespread
negative effects are inevitable in the midterm (Bobojonov & Aw-Hassan, 2014;
Bobojonov et al., 2016).

Another serious challenge for Uzbek agriculture is soil salinization, which has resulted
in considerable decreases in agricultural production (Khasanov et al., 2023). Soil saliniza-
tion and land degradation have become the most pressing problems in the Aral Sea
region of Central Asia, particularly in Uzbekistan, with 73.8% of the area around the South
Aral Sea being moderately saline and 7.5% being slightly saline (Duan et al., 2022). The
primary causes of soil salinization in Uzbekistan are poor land and groundwater manage-
ment (Eswar et al., 2021; Ibrakhimov et al., 2007), and the use of phosphorus-based
mineral fertilizers (Khasanov et al., 2023). Soil salinization is intensified due to changes
in weather variability and water availability in dry regions, with shallow groundwater
levels under water-scarce conditions (Corwin, 2021; Greene et al., 2016). Higher tempera-
tures due to climate change reduce water availability, increase evapotranspiration and
consequently require additional irrigation water applications, when saline water from
groundwater aquifers or other alternative sources is often used to meet crop water
demand (Mukhopadhyay et al., 2021; Okur & Orcen, 2020; Schlenker et al., 2005). If
irrigation water applications are reduced due to lowered water supplies, capillary
increases due to high evaporation induced by climate change also lead to higher soil
salinity around the crop root zones.

Despite this vicious circle, the effects of soil salinity have not been fully considered in
most of the previous projections on the effects of climate change on crop vyields (e.g.,
Hatfield et al., 2015; Lobell et al., 2011). Our study contributes to ongoing research by
using granular data and implementing panel data analysis to model the combined effects
of soil salinization and climate change on the wheat supply of Uzbekistan, one of the
hotspots of climate change. This approach allows for a detailed spatial analysis of the
climate change impacts on wheat yields, a strategic staple crop across Uzbekistan.
Differing from other approaches, such as the Ricardian approach, the panel data approach
allows for controlling time-invariant omitted variables beyond temperature and precipi-
tation (Deschenes & Greenstone, 2012). Moreover, by regressing crop yields on biophy-
sical factors, we developed a statistical crop yield model based on empirical data, which is
more reliable than biophysical crop simulation models (Ortiz-Bobea & Tack, 2018).
Additionally, we applied a ‘shared socio-economic pathways-radiative concentration
pathways’ (SSP-RCP) climate scenarios framework (van Vuuren et al., 2014) to the context
of Uzbekistan and integrated it with the estimated ‘climate-wheat yield’' function to assess
the future climate change impacts on food demand and supply for the first time in
Uzbekistan.

According to our projections, the supply of wheat is anticipated to decrease consider-
ably due to heat and salinity stress, resulting in substantial food demand supply gaps after
2040. Given the limitedness of available croplands and water resources, significant
improvements in fertilizer-use efficiency, soil management and the development of high-
yielding varieties will be necessary to ensure local food security in the future.
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Data and methods
Study area

Uzbekistan is a double land-locked country located in the centre of Central Asia (Figure 1).
Over 40% of its 35.6 million people reside in rural areas (State Statistics Committee of
Uzbekistan [SSCU], 2022). Due to consistent population growth, national food security has
become a matter of significant political importance in the country.

The climate of the country is extremely continental, with an average monthly temperature
of 13.7°C, peaking at 28.5°C in July (Figure 2). Temperatures can plunge to —35°C in the north
of the country during winter and soar to 50°C in the south during summer (as observed from
1991 to 2020). The country experiences a wide range of annual precipitation, varying between
200 and 550 mm in most areas. Yet, areas in the desert and steppe zones receive less than
200 mm, while mountainous areas receive more than 900 mm (Khalikulov et al., 2016).

Agricultural production plays a pivotal role in the national economy, contributing 16% of
gross domestic product (GDP) and employing 44% of the labour force (Djanibekov et al., 2010;
SSCU, 2022). Wheat production, in particular, is crucial for national food security, as flour-based
food products provide over 52% of the dietary caloric intake (Abdullaev et al., 2009; Chabot &
Tondel, 2011). Following the collapse of the former Soviet Union’s unified food supply and
distribution system in 1991, Uzbekistan’s access to strategic food imports became limited and
insecure. Consequently, the government introduced agricultural reforms to increase domestic
wheat production and enhance ‘independence in cereals’ through policies such as setting
wheat production targets, subsidizing inputs (irrigation water, mineral fertilizers, fuel, machin-
ery), and regulating wheat and flour prices (Lombardozzi & Djanibekov, 2021).
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Figure 1. Uzbekistan and its provinces. Source: Authors’ own illustration.



INTERNATIONAL JOURNAL OF WATER RESOURCES DEVELOPMENT

451

Precipitation, mm

48 T 42
40 + 36
32 30
24 24

O

g 16 18

2

g 8 12

9

g

= 0 -6
-8 0

Jan Apr May June July Aug Sep Oct Nov Dec
B8 Precipitation Min-Temperature «=@» «Mean-Temperature -4+ Max-Temperature

Figure 2. Average monthly temperature and rainfall in Uzbekistan, 1991-2020. Source: Authors using

data from World Bank (2022).

Thanks to the reforms, the area of national wheat production increased rapidly from
about 627,000 to over 1.3 million ha between 1992 and 1996, allowing the country to
achieve independence in cereals (Figure 3). The expansion of wheat production was
achieved through reducing areas previously used for fodder production and some cotton
areas as well. The country’s wheat yields have gradually increased over the years, reaching
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Figure 3. Wheat yields and harvested area in Uzbekistan, 1992-2020. Source: Authors based on data

from FAO (2023).
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4900 kg/ha in 2009 due to the introduction of suitable wheat varieties based on each
region’s soil and climatic conditions. Another driver was farmers’ improved knowledge
and experience with cultivation practices and wheat varieties. Currently, wheat and
cotton are the most essential crops and are widely cultivated throughout the country.
Wheat cultivation areas that are irrigated account for 85%, while the remaining 15% are
areas of rainfed farming. However, almost all the rainfed wheat farming areas are located
in the provinces of Kashkadarya, Jizzakh and Samarkand. Irrigated wheat farming takes
place in late autumn, winter and spring, thus winter and spring precipitation is crucial for
the performance of irrigated wheat farming. During the winter and spring, the ample
precipitation saturates the soil with moisture, reducing the need for additional irrigation.

Analytical approach and data

To assess wheat supply and demand projections, we calculated the production elasticities
for important production and climate factors in the first step. These calculated production
elasticities were then used to develop the supply projections.

Production elasticities
For our analysis in the first step, we employed a Cobb-Douglas production function in log
form:

InY = ag + by In(Land;;) + b, In(Labour;;) + bs In(Ferti) + b In(IW;) + bs In(WT;)
+ b5 |n(SpT,t) + b7 In(ST,t) —+ bg In(AT,t) —+ b9 In(WP;t) + b]o In(SpP,t)
+ b11In(SPit) + b12 In(APit) 4 b1z In(GWS;t) + b14 In(SSit) + uie

where Yj; represents the total output in district i and at time t; b is the slope coefficient; the
variable Land stands for total harvested land (thousands ha); Labour is the labour value
used; Fert is total (chemical) fertilizer; IW represents the total amount of irrigation water;
T represents the average temperature for each season (W, winter; Sp, spring; S, summer; A,
autumn); P represents each season’s total precipitation; GWS represents groundwater
salinity; SS represents soil salinity; and uj is the error term.

A fixed effect model can capture the relationship between agricultural production and
climate variables by considering that unobserved time-invariant factors or unobserved
variables are constant (Allison, 2009). Many prior studies have used fixed-effect models to
measure the impact of climate change on different crops within a panel data framework
(Ahmad et al., 2014; Mirzabaev, 2013; Sadozai et al.,, 2019). Additionally, a Hausman test
confirmed the suitability of a fixed effects model for our data.

To analyse the climate, biophysical and economic factors influencing wheat produc-
tivity, we constructed a panel dataset encompassing the years between 2008 and 2017,
and 158 of the country’s 176 districts (SSCU, 2022). We obtained the necessary data from
multiple sources, including Beaudoing et al. (2020), Rodell et al. (2004), SSCU (2020), the
Ministry of Water Resources of the Republic of Uzbekistan (MWRRU, 2020), and the Global
Rainfall Map in Near Real-Time (GSMaP_NRT) (2023) prepared by the JAXA Global Rainfall
Watch of Japan’s Aerospace Exploration Agency.

Particularly, we collected province-level secondary data on the total wheat yields and
harvested area across districts for both irrigated and rainfed farming from the SSCU (2020).
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Data on the total costs of nitrogen and phosphorus and labour use were also obtained from
the same source (SSCU, 2020). Data on district level irrigation water use for September-
December and March-May were provided by the regional branches of the MWRRU (2020).
We excluded January and February as the soil is typically frozen in these months, and hence
no irrigation or leaching takes place. Data on temperature were extracted from global climate
databases (Beaudoing et al., 2020; Rodell et al., 2004). We used the mean temperature for the
relevant period from September to June, omitting the (post-) harvest period of July-August.
Data on precipitation, particularly cumulative rainfall across districts for the same period were
derived from the GSMaP_NRT prepared by the JAXA Global Rainfall Watch of Japan’s
Aerospace Exploration Agency (see also Eltazarov et al., 2021). Data on monthly soil and
groundwater salinity levels were obtained from the regional branches of MWRRU (2020), and
we calculated annual salinity levels as the average of monthly levels.

Table 1 provides summary statistics and definitions of the variables used in the
regression model. The dependent variable in the model is the log of total wheat produc-
tion. The average wheat production across the districts is 39,217 tons; the average wheat
sown area is 8283 ha. Given the data availability, some intermediate inputs in wheat
cultivation, such as labour and fertilizers, are measured in economic terms (in UZS), while
irrigation water is measured in physical terms (thousands m>). The average fertilizer cost
per district is 2.498 million UZS and the average labour cost per district is 2.357 million
UZS. For 10 months, the district-level average irrigation water use is 134,000 m?3.

The average temperature across the districts in winter, spring, summer and autumn is 1.5,
16.5, 27.8 and 14.7°C, respectively. Precipitation almost does not occur in June, and irrigated
areas receive about 80 mm of rain or snowfall per season in winter and spring on average.

Due to seasonal changes, the average salinity levels of soil and groundwater are
reported as annual averages, ranging from 0.1 to 7.6 g/I. Lower soil salinity levels of
0.1-0.4 g/l are found in the regions of Samarkand and Namangan, while higher soil salinity
levels of 2.1 g/l are detected in regions around the Aral Sea. The highest salinity level of 7.6
g/l is found in the regions of Karakalpakstan, Khorezm and Bukhara.

Table 1. Summary statistics.

Variables Description Mean SD  Minimum Maximum

Total production Total wheat production (tons) 39.217 23.901 38 139.840

Land Total wheat area sown (ha) 8.283 5.552 105 52.200

Labour Labour costs (1000 UZS) 2357  2.195 9 17.469

Fertilizer Fertilizer costs (1000 UZS) 2498 2.003 13 17.690

Water used for Total irrigation water, September-May (January— 134 72 0.6 467

irrigation February excluded) (1000 m)

Winter temperature Mean temperature for winter (December—February) 1.5 3.4 -15.6 10.1
0

Spring temperature Mean temperature for spring (March-May) (°C) 16.5 35 -12.3 24.0

Summer temperature  Mean temperature for summer (June) (°C) 27.8 3.7 4.0 345

Autumn temperature  Mean temperature for autumn (September— 14.7 2.7 -2.8 21.4
November) (°C)

Winter precipitation Total precipitation for winter (December—February) 822 450 2.0 270.6
(mm)

Spring precipitation Total precipitation for spring (March-May) (mm) 829 4938 1.6 273.7

Summer precipitation  Total precipitation for summer (June) (mm) 79 8.6 0 69.9

Autumn precipitation  Total precipitation for autumn (September— 445 378 1.2 243.9
November) (mm)

Groundwater salinity ~ Average annual salinity (gr I™) 2.1 1.5 0.2 11.8

Soil salinity Average annual salinity (gr I™) 2.1 13 0.1 7.6

Note: Exchange rate: US$1 = UZS 10,920.
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Wheat supply and demand projections

To estimate future wheat supply, we integrated the production model described above
with existing climate projections’ data from the Global Climate Knowledge Portal (World
Bank, 2022), which provides seasonal temperature and precipitation projections across
Uzbekistan from 2020 to 2100 under various SSP-RCP scenarios. To develop wheat
demand projections, we considered national population changes over time under SSP
scenarios (IIASA, 2023) and average dietary wheat consumption requirements per capita.
As the Uzbek wheat production area has not changed over the last decade (Figure 3), we
assumed it to remain constant in the future.

Representative concentration pathways (RCPs) are trajectories of atmospheric green-
house gas concentrations as adopted by the IPCC (2022). These pathways correspond to
possible warming levels over the years triggered by greenhouse gas emissions (Van
Vuuren et al.,, 2011). The RCPs considered here, including RCP2.6, RCP4.5, RCP7.0 and
RCP8.5, are labelled based on a possible range of radiative forcing in 2100. Higher values
of RCP stand for higher levels of greenhouse gas (GHG) emissions and thus higher levels of
temperature increases by 2100, while lower levels of RCP are related to lower tempera-
tures but require high climate change mitigation efforts.

Since the IPCC's Fifth Assessment Report (2022), RCPs have been considered together
with so-called shared socio-economic pathways (SSPs). The SSPs represent socio-
economic developments up to 2100 and are used to elaborate GHG emission scenarios
under various climate policies. Five SSP scenarios are: SSP1 - Sustainability (‘Taking the
Green Road’), SSP2 - ‘Middle of the Road’, SSP3 - Regional Rivalry (‘A Rocky Road’), SSP4 -
Inequality (‘A Road Divided’), and SSP5 - Fossil-fuelled Development (‘Taking the
Highway’) (Van Vuuren et al., 2014). In brief, SSP1 stands for low levels of barriers to
climate change adaptation and mitigation, and corresponds to low levels of global
temperature rises, being the most desirable among all SSPs; SSP2 and SSP3 considering
moderate and high levels of barriers for climate change adaptation and mitigation,
respectively. SSP4 represents low levels of difficulty for introducing mitigation options
but strong barriers to adaptation efforts. SSP5 considers high levels of difficulty to
implement mitigation measures but low levels of challenges for adopting adaptation
options.

Four combinations of climatic (RCP) and socio-economic development pathways (SSPs)
are globally agreed among climate experts as standard scenarios (‘Tier 1') to conduct
climate policy research, namely SSP1-RCP2.6, SSP2-RCP4.5, SSP3-RCP7.0 and SSP5-RCP8.5
(O'Neill et al., 2016). These four standard scenarios were also adopted in our analysis of
wheat supply and demand projections.

Results
The impact of climate and resource availability on wheat yields

The results of our fixed effects regression analysis are presented in Table 2. As expected,
land, labour and fertilizer were found to significantly contribute to agricultural produc-
tion. Since wheat yields are higher in irrigated areas than in rain-fed areas, irrigation water
was found to have a significantly positive effect on productivity, even though the sample
included non-irrigated areas. A 1% increase was associated with a 0.05% increase in
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Table 2. Results of the fixed effect panel model estimates.
Dependent variable — total wheat production

Variables Coefficient Standard error t-value
Ln Land (ha) 0.448%** 0.023 19.3
Ln Labour (1000 UZS) 0.167%** 0.013 1.7
Ln Fertilizer (1000 UZS) 0.388*** 0.023 16.4
Ln Irrig Water(1000 m?) 0.045% 0.022 2.03
Ln Winter Tem (°C) 0.017 0.012 1.41
Ln Spring Tem (°C) 0.697%** 0.263 2.65
Ln Summer Tem (°C) —1.942%%* 0314 —6.18
Ln Autumn Tem (°C) 0.427** 0.163 261
Ln Winter Pre (mm) —0.000 0.020 —0.00
Ln Spring Pre (mm) -0.010 0.024 —0.45
Ln Summer Pre (mm) 0.002 0.011 0.20
Ln Autumn Pre (mm) 0.007 0.019 0.37
Ln Groundwater Salinity (gr I™") 0.113%* 0.022 5.02
Ln Soil Salinity (gr ) —0.092%** 0.021 —4.28

_cons 5.368%** 0.641 8.36

N 644

R? 0.843

Note: *p < 0.05, **p < 0.01, ***p < 0.001.
Source: Authors’ calculations.

production output across the whole sample. However, excluding non-irrigated areas
would have resulted in a considerably larger slope coefficient.

Temperature also positively contributed to wheat productivity, but only in spring and
autumn/fall. A 1% increase in spring temperatures was associated with an increase in crop
output by 0.7%, while a 1% increase in autumn temperatures translated into a 0.4%
increase in crop output. Conversely, temperature in the summer had a negative effect on
productivity as excessive heat dries up the soil and inhibits plant growth. A 1% increase in
summer temperatures was associated with a 1.9% drop in production output.

The analysis revealed that precipitation levels have no significant impact on produc-
tivity, which can be attributed to the fact that the majority of the sample consisted of
irrigated areas. Soil salinity was found to have a negative relationship with production,
with a 1% increase in soil salinity resulting in a 0.09% decrease in production. Additionally,
the study found that groundwater salinity had a positive impact on productivity, as high
groundwater salinity is likely a sign for lower water tables and reduced salt accumulation
near the plant roots. A 1% increase in groundwater salinity was associated with a 0.11%
increase in production. The results were also found to be robust to modifications in the
selected time period and to an inclusion of a random effects model (see Table A1 in the
supplemental data online).

National wheat supply and demand projection under various climatic SSP-RCP
pathways

Figure 4 displays projections for future wheat supply and demand, considering future
temperature and precipitation changes under SSP-RCP scenarios, as well as anticipated
shifts in population.

The SSP3-RCP7.0 (‘Regional rivalry’) scenario represents strong barriers to climate
change mitigation and adaptation and leads to global mean temperature increases of
above 5°C. Under this scenario, wheat demand is expected to increase enormously,
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Figure 4. Wheat supply and demand projections (without considering losses in trade and transporta-
tion) in Uzbekistan, 2020-2100, under various climate and socio-economic change (SSP-RCP)
scenarios.

reaching about 7.5 million by the last decade of the 21st century. However, wheat supply
is projected to decrease substantially due to heat and salinity stress, falling short of 2020
production levels of 6.2 million tons by 24% (or 1.5 million tons) by the end of the century.
Surging demand and dwindling harvests together would lead to a steadily growing
demand-supply gap of about 2.7 million tons per year after 2040.

In the SSP5-RCP8.5 scenario (‘Taking the Highway'), both wheat supply and demand
steadily decrease. Wheat supply continues to exceed demand until the end of the century.
However, this supply surplus is only due to significant decreases in wheat demand that
outweigh the substantial supply losses of 1.8 million tons or 29% compared with 2020.

The SSP2-RCP4.5 (‘Middle of the Road’) scenario implies moderate barriers to the
adoption of climate adaptation and mitigation measures. In this case, wheat demand is
expected to surpass wheat supply in the middle of the century by about 0.6 million tons.
However, the water supply-demand gap will shrink once again at the end of the century
due to the impact of a declining population.

The SSP1-RCP2.6 scenario (‘Sustainability’) implies substantial investment in mitigation
and adoption measures. Under this scenario, the national wheat supply is expected to
meet national dietary wheat demand until 2050, after which the supply will exceed
demand due to a declining population.
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Although SSP1-RCP2.6 and SSP2-RCP4.5 scenarios assume reduced population growth,
current trends indicate that population growth in Uzbekistan is likely to increase due to
cultural factors, which are not considered projections by IIASA (2023). Additionally,
financial and institutional challenges for adopting renewable energies and sustainable
adaptation options remain high despite governmental support for sustainable transfor-
mation. Therefore, current tendencies signal a high likelihood of a SSP3-RCP7.0 scenario,
which implies higher population growth and consequent increases in wheat demand that
would lead to a wheat deficit after 2050 in Uzbekistan.

Discussion and policy implications

In this study, we aimed to estimate the effects of ongoing climate change and increasing
soil salinization on future wheat supply changes in Uzbekistan. To achieve this, we
constructed a panel data projection approach based on a fixed effects estimation of
production elasticities, taking into account factors such as climate change and soil
salinization. Our production function approach supports the assumption of strong inter-
action effects between climate change and salinization in the country. Under the two
most pessimistic scenarios, we estimate that these interaction effects could result in yield
losses of 24-29%. To assess the impact on food security, we compared these expected
yield losses with projected changes in wheat demand under various scenarios. Our
projections show that the only scenario where food security is guaranteed without
substantial changes in demand is the sustainability scenario (SSP1-RCP2.6). In all other
cases, a large supply-demand gap of up to 2.7 million tons would need to be covered on
international wheat markets.

To maintain current levels of wheat supply, given the limited potential for cropland
adjustments in Uzbekistan, optimizing both water and fertilizer inputs is essential. Our
first-stage model implies that a 1% increase of irrigation water would result in a 0.045%
increase in wheat production. Meanwhile, a 1% increase in fertilizer application would
lead to an average increase of 0.39% in wheat production. However, these approaches are
not sustainable, as increased areas with shallow groundwater tables would lead to
increased soil salinization and further yield losses, as well as postpone other structural
adjustments, as has occurred in irrigated areas of the US (Cui, 2020). Regarding fertilizer
uses, as most crops in the region are cultivated using high amounts of fertilizer due to
poor soil quality (Bobojonov & Aw-Hassan, 2014; Kienzler et al., 2011), excess fertilizer
application could lead to a vicious cycle of further decreases in soil health and water
quality, as shown by the example of China (Guo et al.,, 2010; Zhu & Chen, 2002).

An alternative approach to conventional agriculture is conservation agriculture, which
comprises a set of practices, including zero or low-tillage, permanent soil organic cover,
and the diversification of plant species. This approach not only reduces soil moisture
losses, but also requires less fertilizer compared with conventional practices (Devkota
et al., 2015). Additionally, it improves soil organic matter and soil fertility, consequently
increasing resilience to salinization. Another approach could be the introduction of heat-
tolerant plants (Bita & Gerats, 2013) with lower water needs and wheat varieties with
a short germination and vegetation period. Such varieties would make it possible to cope
with or even avoid high temperatures and high irrigation needs during the summer.
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To achieve sustainability, this paper proposes several political measures. First, the
identification of the most suitable solution for a particular region and farm structure,
however, requires detailed analysis and agronomic advice. Agricultural policy in
Uzbekistan plays a crucial role in creating a conducive environment for the development
of extension services and increased management knowledge among agricultural produ-
cers. Through these services, local farmers can access information on suitable adaptation
strategies, as presented above. The country has focused on traditional state extension
services for too long in the past. Recently, a number of private extension services have
emerged, and participatory forms of extension services in particular can bring about
changes towards the modernization of farming systems (Djuraeva et al., 2023). In the
future, the government should facilitate the exchange between private and state exten-
sion services and the use of synergies in cooperation. Additionally, input suppliers, both
national and international, together with science specialists on seed breeding, can further
the development and distribution of more drought-tolerant varieties.

Second, to improve evidence-based policy evaluation in the country, policies are
needed to enhance access to high-quality farm-level data, which is currently lacking.
For instance, the Uzbek government implemented a policy on the subsidization of drip
irrigation technologies in 2022, but without detailed information on irrigation facilities at
the farm level, empirical policy evaluation will remain challenging. Improving the infra-
structure and human capacity of national statistical agencies and expanding national
research funding would also be helpful for building detailed and reliable databases.

Finally, most proposed solutions require considerable investment. Yet, considerable pro-
duction risk due to insecure land tenure and controlled production markets may deter farmers
taking on agricultural credit and instead opt for a low-input strategy (Kuhn & Bobojonov,
2023). To incentivize investments in sustainable production, the government should prioritize
refining institutional settings and developing financial risk management options, such as
credit-bundled weather index insurance (Bryla-Tressler et al., 2011; Lu et al., 2022).

Conclusions

This study is one of the few approaches to investigate the combined ex-post effects of climate
change and soil salinity on wheat yields, as well as future domestic food security in terms of
wheat, which is a critical issue for many regions worldwide. Our results indicate that
Uzbekistan has heavily relied on irrigation water use and is vulnerable to climate change,
particularly considering already high levels of soil salinization. Furthermore, the population
growth and increasing demand for food in the future are expected to result in a considerable
wheat supply-demand gap, as shown under the SSP3-RCP4.5 scenario. To avoid this gap,
structural adjustments and dedicated policy approaches are essential for achieving
sustainability.

This study has several limitations. First, the underlying database is relatively short, cover-
ing only a period from 2008 to 2017, which limits the ability of studying the effects of long-
term climatic trends. Access to more historical data would enable a more differentiated
analysis. Second, the study uses aggregated data at the district level, which does not allow
for regional-specific features in climatic conditions or even farm-level differences in agricul-
tural practices to be examined. Future research could focus on analysing the non-linear
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impacts of some climatic variables and exploring the effects of other climatic variables, such
as solar radiation, wind, CO, and humidity, on crop yields and total factor productivity (TFP).

Our study underlines the need for immediate adaptation measures to narrow the future
wheat supply-demand gap, despite smaller discrepancies in regional and temporal projec-
tions. To safeguard the future of agricultural activities and ensure food security in the region,
advancements in water and soil management are crucial. Furthermore, development of new
seeds and varieties, and reassessment of suitable wheat production areas are essential. These
adjustments require foremost improvement in extension services, provision of precise farm-
level data and modern risk management.
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