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Abstract

Adapting to climate change under different agro-ecologies of Central Asian countries still
remains a matter of debate. The present study aimed to explore the perceptions and key factors
influencing adaptation strategies through the stepwise appraisal framework in upstream zones
of the Zerafshan River Basin in Uzbekistan. First, a Severity Index (SI) was calculated to
evaluate the perceptions of farmers towards climate change and water scarcity. Then,
determinants of adaptation practices were investigated using a binary Logistic regression model
with comprehensive farm-level survey data collected from 307 farmers. The highest value of
the SI coefficient was attained for the perception “Water resource is getting scarce”, which
implies that most farmers already have worries about the potential risk of water shortages
although they have been operating with an adequate water supply. Education of household head,
extension, and farmer’s perceptions on climate change and water were found to be positive
determinants but land size and membership in agro-clusters were found to be negatively
influenced factors to climate adaptation strategies. Therefore, we suggest policy implications
to consider the land size, cooperation of farmers with clusters, extension, and water
management systems to increase the resilience of farmers against climate change at national
level.



Keywords: Climate change, agriculture, water use, adaptation
JEL codes: Q12, Q25, Q54

Highlights:

¢ Climate change impacts are becoming worse with particular effects on yield losses and water
distribution among agricultural producers even in upland areas of Central Asian countries.

e Farmers’ perception on water shortages is higher than climate change impacts in the study
region.

e Education of household head and extension were found to be positive but land size and
membership in agro-clusters were found to be negatively influenced factors to climate
adaptation strategies.
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1. Introduction

Climate change and its adverse consequences have already become a basic strategic
concern of the 21% century while posing challenges not only to agro-ecological but to
socioeconomic stability of the world society (Liu et al., 2020; Gosling et al., 2016). According
to Nautiyal et al. (2022) climate change is a change in the global atmosphere that is directly or
indirectly related to human activity, which leads to the melting of glaciers, an increase in floods
and landslides, a decrease in the flow of rivers, and an attack on ecosystems. When we got the
recent declaration by scientists about climate change and its expected consequences, it was
thought that this phenomenon was far away and would not affect humanity. However, today we
fully feel all aspects of these changes in our lives. Agriculture is the most climate-sensitive
sector, in which many of the adverse influences of climate extremes are likely to occur and its
players suffer (Ali et al., 2017). Increases in temperature and erratic patterns of precipitations
have been altering the water provision and production possibilities of world agricultural
producers with particular effects on crop yield and income. Along with this, the level of climate
influence also depends on the adaptive capacity of agricultural producers (Gbetibouo, 2009).
World rural societies with poor access and limited adaptive capacities are predicted to suffer



more in the near and distant future from the potential and actual impacts of climate-driven
changes (Liu et al., 2020).

As global climate change continues on the earth, its negative impacts on agriculture and
global food security are becoming more acute. Developing countries are more vulnerable to
climate change due to the vast number of rural livelihoods, dependency on an agriculture-based
economy, and lack of assets (IPCC, 2014; Ali et al., 2017). Furthermore, with their rapid
progress in industrialization, developing countries were already challenged in terms of food
security, water scarcity, land degradation, and increased demand for agricultural production
through the exacerbated threats posed by climate change (Mwongera et al., 2017). In this
regard, adaptation is increasingly urgent for developing nations like Central Asia, where the
livelihood of a vast number of the population is still predominantly related to agriculture (IPCC,
2014; Siegfried et al., 2012; Gosling et al., 2016).

Central Asian countries are more climate-sensitive due to the high level of uncertainty
regarding precipitation and increased warming trends over the past decades (Babakholov, 2021,
Muratov et al., 2023). Global warming and regional precipitation patterns have increased the
rate of evaporation, and droughts have become more severe, impacting agricultural production
and water use (Huang et al., 2016; Liu et al., 2020). In addition, several studies predicted that
drought frequencies are becoming more severe and this might pose more glacier melting and
subsequently high levels of water shortages in Central Asia. Downstream dry regions of Central
Asia and little summer precipitation have already faced water shortages in their agricultural
production, whereas seasonal runoff maxima have also been observed in some rivers (Sorg et
al., 2012). In turn, those climate threats have damaged the livelihood and revenues of rural
societies of the downstream and arid countries like Uzbekistan, where irrigated agriculture is
still predominant in the national economy (Siegfried et al., 2012; Karthe et al., 2015).

The irrigated agriculture of Uzbekistan mainly relies on water sources, of which more
than 80% originates outside the borders. Amu Darya, Syr Darya, and Zerafshan rivers are the
major water sources for Uzbekistan, while less than 10% of water originates domestically
(World Bank Group, 2021). A large number of studies have concerned climate change, water
issues and agricultural production in the case of Central Asia and different geographic zones of
Uzbekistan. The irrigation demand in Uzbekistan is predicted to increase by 16% by 2080, this
would increase competition for water and impose risks on agricultural production with a
potential reduction in crop yields (World Bank, 2018b). Additionally, Uzbekistan suffers from
land degradation by secondary soil salinization in response to suboptimal irrigation/drainage
management and shallow, saline groundwater levels (Sommer et al., 2013). Bobojonov et al.
(2016) discussed the income and irrigation water use efficiency of agricultural producers under
the climate change context in the western part of Uzbekistan. The results show that farmers’
income could fall by 25% as temperature increases by 3.2 °C and a 15% decline in irrigation,
while the share of revenue loss of farmers operating in downstream areas is even greater.
Considering water use efficiency, 65.2% of applied water was used efficiently, and about 35%
of total water was lost during irrigation of the crops. Babakholov et al. (2022) analysed the
interactive effect of climate change and irrigation on farm output. Their findings indicate that
farmers with sufficient water and improved irrigation techniques are more resilient and



profitable, although a temperature increase is witnessed. As per the findings of Salokhiddinov
et al. (2020) low-income levels, high dependency on irrigation, lack of technologies, adaptation
measures, low yields, and land degradation were found to be the main vulnerabilities of rural
inhabitants.

Meanwhile, studies by Reyer et al. (2017) and Sutton et al. (2013) indicated the likelihood
of a 20-50% vyield loss under the projected average temperature rise up to 2 °C by 2050 in
Uzbekistan if sufficient adaptation measures have not been implemented. Despite the recent
and current ongoing adaptation measures taken at regional and national levels in Central Asia,
there are still noticeable gaps such as limited knowledge, insufficient technologies, poor
infrastructure, climate-oriented techniques which pose barriers on implementing and
underlying the accurate solutions for adaptation (Laws, Balance, 2016; Smit, Skinner, 2002).
Furthermore, a large number of studies have already looked at reducing the risk and
vulnerability level, while analysing the diverse frameworks of climate adaptation at national
and international levels (Aleksandrova et al., 2016; Arnell et al., 2016; Garschagen, Romero-
Lankao, 2015; Schlaepfer et al., 2017; Liu et al., 2020). Notwithstanding this, very few studies
have considered the farmers’ perceptions toward climate change and water scarcity jointly with
adaptation strategies under the condition of sufficient water provision at basin scale.

The present study proposed to analyse the perceptions and determinants of adaptation
practices in the case of farmers who fully use irrigation operating in upstream zones of the
Zerafshan River Basin in Uzbekistan. The contribution of this research is threefold for the
global context of climate change: first, it clarifies the perceptions of agricultural producers on
actual and potential impacts of climate-driven changes and water resources in the case of
farmers operating with sufficient water supply. Second, it identifies the main factors that
influence farmers’ decisions to implement adaptation practices. Finally, the findings enable us
to draw the most important policy implications and regulatory frameworks that are needed to
support agricultural water use and adaptation strategies in the study region.

2. Climate change and water issues in Central Asia

Central Asia comprises five former Soviet Union countries, namely Kazakhstan,
Turkmenistan, Kyrgyzstan, Tajikistan and Uzbekistan, with about 4 million km? of total area
and an arid and semi-arid climate with dry ecosystems and rainless environments
(Lioubimtseva, Henebry, 2009; Zhang et al., 2019). Only 20% of land in Central Asia is suitable
for farming purposes and the rest are temperate deserts (Zhang et al., 2017). Agricultural
producers in Central Asia are vulnerable and suffer from climate threats due to several factors
including heterogeneous geography, increased temperature and altered rainfalls, aridity and
droughts, water scarcity, increased demand for agricultural production, and low-level
investment and adaptive capacities (Seddon et al., 2016; Zhang et al., 2019).

The climate of Central Asia is semi-arid and arid continental, with summers being hot
and dry and winters being cold mostly in the northern areas (Djanibekov et al., 2015). The
climate of the region has been changing at a greater rate than global averages since the 1950s



(Mirzabaev, 2013). There are big uncertainties in the projections of potential impacts of climate
change on the region, notably in terms of precipitation and irrigation water runoff dynamics.
The annual mean temperature of the region ranges from 1.6 to 15 °C and receives on average
about 250-300 mm precipitation annually (World Bank, 2018a). Temperature increase has been
observed since 1970 and both summer and winter temperatures in Central Asia are predicted to
rise up to +4.4 °C and beyond by the 2050s (IPCC, 2014). Numerous past studies on the
assessment of climate-driven changes indicated different results based on the data and
geographical conditions of the region. Findings explored by Lioubimtseva and Henebry (2009)
show that the increase in warming on average is projected to reach +3 °C and will even exceed
+5 OC in some arid and temperate regions of Central Asia by 2071-2100.



Figure 1. Dynamics of annual mean temperature and precipitation in Central Asia, 1980-2020
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Source: Authors’ own compilation based on data from the gridded time-series (TS) Version 4.01 (CRU, 2021) and
the World Bank (2021b).

The dynamics of changes in annual mean temperature and precipitation amount in Central
Asia for the period of 1980-2020 are illustrated in Figure 1. As we are able to see and judge
from the above figure, there was a feasible increase in mean annual temperature in the region
from the 1990s, while it was about +8 °C at the beginning of 1980s and reached almost +10 °C
by 2020. There has been an observed decline in annual precipitation in the region over the past
decades. Annual precipitation was about 350 mm in the last decades of the past century but it
fell to 300 mm in 2020.

Water resources and water management are of central importance at the present time in
Central Asia, where a large part of the population still relies on heavily irrigated agriculture and
animal husbandry (Xenarios et al., 2019). Climate change impacts are believed to be strong and
adverse not only to agricultural production and rural livelihoods but also to hydrological cycles
and water availability in the downstream regions of Central Asia (Hill et al., 2017). Water levels
of the Amu Darya and Syr Darya, which are the main sources of irrigated agriculture in the
region have decreased by 20%-30% due to climate change impacts observed in past decades
(Lioubimtseva, Henebry, 2009; Ososkova et al., 2000). The water sources that Central Asian
societies use for domestic and agricultural purposes mainly depend on glacier meltwater
(Pritchard, 2019). The tendency of glacier melt from Tien Shan mountains has intensified under
the climate change context since 1970, while the precipitation and water amount from other
sources have reduced (Narama et al., 2010). The glacier melting without snow cover in
mountain regions of Central Asia has been accelerated via the increased annual surface mean
temperature and the reserves for river basins have lost up to 30%-35% over the past five decades
(Karimov et al., 2019; Harris et al., 2014; Zhang et al., 2019). Along with this, as per findings
of studies by Hagg et al. (2013) and Punkari et al. (2014), CMIP3 model results projected a



22%-35% additional decline in water supply from Amu Darya and Syr Darya into downstream
regions under the temperature rise dynamics of between 2.2°C and 3.1°C by the 2050s. More
importantly, the increase in air temperature was slight in summers but a remarkable rise in
warming was observed for the month of September over the past decades in Central Asia. This
implies a prolonged glacier melting period with the potential risk of high-level water shortages
together with ecological and political instability in the region (Bolch, Marchenko, 2006). Due
to a lack of cross-border water management agreement among Central Asian countries, water
use for agricultural irrigation in downstream countries like Uzbekistan largely remains
dependent on the polices of upstream republics, whereas shortages are worsening with the
increased demand for water (Aleksandrova et al., 2016).

By considering the above-highlighted issues related to climate change and water scarcity,
adaptation measures such as policy responses at state level are vital for the region. A large
number of studies show that climate impacts can be coped with through the implementation of
various adaptation measures, although climate extremes are uncontrolled and detrimental to
agriculture (Mendelsohn, 2008; Smit, Skinner, 2002). Regarding climate change adaptation, the
governments of Central Asian countries have already shown a high sense of urgency in coping
with climate change and have been actively participating in international projects co-funded by
donors (Xenarios et al., 2019). On the political and economic side, a number of reforms and
development projects have recently been included in national laws, strategies and management
programmes of Central Asian countries, which mainly focus on climate adaptation and
resilience activities. Despite several national climate action plans integrated into environmental
policies, there are currently no national climate action plans in Uzbekistan. In the context of
climate adaptation, improving irrigation and water use efficiency, developing a water
monitoring system, and forest management policies are the strategies that are currently
concerned at the state level in Uzbekistan. Notwithstanding this, a poor level of infrastructure
in rural areas, worsened arid conditions, water scarcity, lack of input access, as well as the
heterogeneous knowledge gap on environmental and socio-economic consequences of climate
extremes are still determining the vulnerability of rural actors in the country (Xenarios et al.,
2019). This in turn intensifies the necessity for research concerned with adaptation measures
against future climate threats and boosting the resilience of agricultural producers in the
country.

3. Materials and methods

3.1. Study site

An empirical analysis of the study was conducted in the case of farms operating with
sufficient water supply in upland zones of the Zerafshan River Basin. Based on capacity and
territory, the Zerafshan River Basin is one of the strategic places for Uzbekistan, which
comprises two big administrative provinces, namely Samarkand and Navoi, with well-
developed irrigated agriculture and industry (Khujanazarov et al., 2012; Babakholov et al.,
2022).



Samarkand region lies in the main upland part of the Zerafshan River Basin. Located
about 700 metres above sea level, the Samarkand region has a dry continental climate with hot
summers and partly cold winters (Sommer et al., 2013; UzHydro-Met, 2018). The area of the
region consists of 1677.3 thousand hectares, of which about 430 thousand hectares (irrigated
and rain-fed) are agricultural cropland (SCRUz, 2022). Geographically, the region is
surrounded by mountains and has suitable weather conditions for agricultural purposes and is
the second main supplier of gross agricultural output of the country (Babakholov et al., 2018).
A total of 14 districts are included in the administration of the Samarkand region, of which 4
districts are located in the upper tail of the basin and produce mostly cash crops, 5 districts are
in the mid-tail and grow mostly cotton and wheat, 3 districts are in the lower tail and wheat,
cotton as well as grapes are common crops for those zones. Rain-fed agriculture is common in
only two districts, which are in the south and north-western parts of the region, and specialized
almost entirely in livestock breeding. The map of the study region and the location of surveyed
farmers is shown in Figure 2.



Figure 2. Map of the study region and the location of surveyed farmers
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The Zerafshan River originates from the neighbouring republic of Tajikistan and flows
through Uzbekistan with a total length of 780 km (Khujanazarov et al., 2012). More than ¥4 of
the total population of Uzbekistan lives in the territory of the basin and their agricultural
livelihood is entirely dependent on water sources from the Zerafshan River (Kulmatov et al.,




2013). Due to irrational water use, poor drainage and water management systems as well as
exacerbated climate threats, the irrigation capacity of agricultural producers is worsening even
in upstream areas of Zerafshan River Basin. A gradual increase in climatic water deficit per
square metre has also been observed in the territory of the Zerafshan River Basin within the
past decades (Figure 3). Based on statistics of the World Bank (2022), about 485 m?® climatic
water deficit per square metre was observed in the basin in 2022 compared to 2000. This
intensifies the necessity and urgency of adaptation measures towards increasing the farmers’
climate resilience, water management, and sustainable agricultural production in the region.

Figure 3. Dynamics of climatic water deficit per square metre in Zerafshan River Basin, 2000-2022
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3.2. Data and variable description

Farm-level cross-sectional data was utilized for an empirical analysis of the study. The
questionnaire was first designed following the objectives of the study and international
standards. A total of 307 large-scale farmers who use irrigation were randomly selected and
interviewed face-to-face through the structured questionnaire based on their outcomes in 2021.
The survey was conducted in five upstream districts of the Samarkand region during the months
of July and August 2022. Surveyed study districts are considered as the main producers of cash
crops in the agricultural structure of the Samarkand region with sufficient water provision and
fertile soil. The number of samples from each district represents roughly 10 percent of total
farmers who mostly grow cash crops such as wheat, potatoes and vegetables. The summary
statistics of the farm level dataset are illustrated in Table 1. The dataset includes the set of farm
demographic, socio-economic, farm production, climate and water-related variables.

The descriptive statistics table gives detailed information about the response and
explanatory variables obtained through the interviews. Starting from the dependent variable, a
set of different adaptation strategies (water management, nutrition management, adjusting
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sowing time, drought and disease tolerant varieties, switching to new crop, crop rotation, and
tree planting) encoded as a dummy, while 1 if the farmers have applied any of adaptation
measures against climate change or 0 otherwise. A total of 14 independent variables were
considered as main determinants that could encourage farmers to implement any of the
adaptation activities, while those variables were also used globally in previous studies by Amfo
and Ali, (2020), Makate et al. (2019), Ali et al. (2017), Abid et al. (2015), Bryan et al. (2013)
and Deressa et al. (2009). The age of surveyed farmers is 45 years old on average and they have
12 years of farming experience. The land size of the farmers became bigger after the land
optimization reforms were made in the country in 2019. Surveyed farmers own 39.1 hectares
of land in 5.5 plots on average in study districts. It should be noted that farmers with financial
and institutional assets are more eager and able to adopt and introduce innovations and new
technologies to their farming activities.

Table 1. Summary statistics of dependent and independent variables

Variables Description Mean | Std.Dev

Dependent variable

Adaptation strategies 1if the farmer has _applled any of climate adaptation 0.60 0.4901
practices, 0 otherwise

Independent variables

Age Age of the farmer in years 45 11.26

Education Dummy, 1 if the farmer has higher education, 0 14 0.4902
secondary or other

Experience Farming experience of farmer in years 12 6.3670

Off-farm income Dummy, 1 if the farmer has another income source, 0 0.17 0.3813
otherwise

Livestock Number of livestock owned by the farmer 9 7.3575

Land size Farmland owned, ha 39.1 28.289

Credit Dummy, 1 if the farmer has access to credit, 0 0.12 0.3261
otherwise

Extension Dummy, 1 if the farmer has access to extension, 0 0.34 04272
otherwise

Market access Dummy, 1 if the farmer has market access, 0 0.72 0.4465
otherwise

Weather information Dummy,.l if the farmer follows weather information, 0.73 0.7328
0 otherwise

Membership Dumm_y, 1 if the farmer is a member of the cluster, 0 0.38 0.4864
otherwise

Climate change Dummy, 1 if the farmer has experienced climate 0.63 0.4812
change, 0 otherwise

Temperature increase !Z)ummy, 1 if the fgrmer reported temperature 0.44 0.4979
increase, 0 otherwise

Water scarcity Dummy, 1 if the farmer reported water shortages, 0 0.33 0.4741
otherwise

Farm outcomes

Wheat yield Harvested wheat yield in kg/ha 4181 721.63
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Potato yield Harvested potato yield in kg/ha 26000 6599.8
Tomato yield Harvested tomato yield in kg/ha 30716 11204
Legumes yield Harvested legume yield in kg/ha 2220 1624.8

Source: Authors’ calculation based on survey data.

Among the surveyed farmers 25.4% have higher education and 74.5% are operating at
the secondary or primary school level. In addition, 17.5% of farmers have additional income
from non-agricultural sources, while more than 80% of farmers’ livelihood is directly related
to agriculture. Those factors are important to adopting innovations and new technologies and
have also been applied in a wide range of previous studies (Amfo, Ali, 2020; Ali et al., 2017,
Alemayehu, Bewket, 2017). Sampled farmers own about 9 heads of livestock units on average.
The rest of the variables contain more about environmental and institutional factors.

3.3. Empirical framework (Severity Index and Model specification)

There are different and broadly used methods in the world literature for assessing
perception accuracy and the factors that have an influence on choice selection. In particular,
farmers implement different adaptation practices based on climate challenges and their own
resources and assets. In this study, we applied a stepwise empirical framework to meet the
research objectives. Farmers’ subjective perceptions of climate change and water issues were
calculated using the mathematical technique, which is the Severity Index (SI). The index and
its analytical criteria were introduced by Majid et al. (1997) and calculated using the following
formula:

SI = ¥iopi qi/n Xisoqi (D
Where Sl — is the coefficient of the calculated Severity Index (SI);
(p_0,p_1,p 2, p_3andp_(4)) are the response frequencies of the farmers (perceptions) with
respect to the 5-point Likert Scale (q_0=0, q_1=1, q_2=2, g_3=3, q_4=4);
n — is the total number of observations against a 5-point Likert Scale.
Following Majid et al. (1997) and Ferdushi et al. (2019), Severity Indexes’ analytical criteria
were specified as follows:
g_0 = Strongly disagree, 0.00 <SI < 12.5;
q_1 = Disagree, 12.6 <SI < 37.5;
q_2 = Moderate agree, 37.6 <SI <62.5;
q 3 = Agree, 62.6 <SI <87.5;
g_4 = Strongly agree, 87.6 <SI < 100.

According to the above criteria, farmers’ perception accuracy on climate change and
water shortages has been analysed. Accordingly, climate change hasn’t yet had a serious effect
and there is no problem with water provision if the calculated value of the Sl coefficient lies
between 0.00 —12.5 and 12.6 — 37.5. Meanwhile, farmers moderately agree with climate change
influences and water shortages through the coefficients of 37.6 and 62.5. Moreover, climate
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change impacts and water problems were observed among agricultural producers if the attained
value of Sl coefficients were above 62.6 and 100 respectively.

The effect of predictor variables on adaptation was investigated in the second stage of
analysis. After the perceptions on climate change and water scarcity, farmers were asked
whether or not they implemented any adaptation strategies in their farming activities, with
possible binary answers of yes or no. When the outcome variable is in binary classification,
Logit and Probit models are most common in statistical analysis. These models are capable of
predicting the probability of something occurring in the form of a binary outcome and are also
better for controlling deterministic and heteroskedastic problems than linear probability models
with maximum likelihood technique (Dougherty, 2011). Although both models are similar, they
use different functional approaches, which are logistic and cumulative normal distribution to
link the relationship between explanatory and outcome variables. Since the Logit model is more
robust to outliers with its logistic function, we considered and applied the Logit model to our
empirical analysis.

In general, Logit models have two types of forms, which are multinomial and binary
logits. In our study, the binary form of the logistic regression model was used and specified as
follows:

Logit (P) =log (=) = @+ By Xy + fo XoF ..+ B Xn 2)

Where, the binary response has two possible outcomes Y, which 1 = farmers adopted any of
practices, and 0 = otherwise;

a_0 —is the intercept;

X_n —is the set of explanatory variables, which are the factors that affect adaptation;

B_n —is the model parameters estimated through the maximum likelihood method;

P/(1-p) — denotes the odds ratio while implying the ratio of the probability of the factors that
farmers have either successfully adopted or not adopted any of the adaptation strategies against
climate challenges. From the statistical point of view, the influence of the predictor variables
on adaptation is positive and significant if the value of the odds ratio is greater than one. In
contrast, explanatory variables do not take a positive relation if the value of the odds ratio is
less than one (Ferdushi et al., 2019; Alemayehu, Bewket, 2017).

4. Results

4.1. Farmers’ Perceptions (Severity Index)

Perception accuracy is one of the important indicators before drawing policy
recommendations and related practical implementations. A set of climate change and water-
related items were elaborated and asked to evaluate the perceptions of the farmers with respect
to climate and water issues. The purpose of calculating the index is to better understand the
perceptions of farmers on actual and potential impacts of climate change and water scarcities
before analysing the determinants of adaptation practices they have currently been adopting on
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their farming performances. The coefficient of the Severity Index (SI) was calculated using the
formula (1) explained in previous studies by Majid et al. (1997) and Ferdushi et al. (2019). The
calculation procedure is implemented as follows:

Table 2. Calculation procedure of the Severity Index (SI)

(0x0+13x14+7x2+176x3+111x4)/(0+ sI = 3254100 =
_ 4
D 5= 113474176+ 111) = 3.25; 8135
(7X0+40x14+20X2+163x3+77%x4)/(7 + s = 284100=
_ 4
b) | S1= 40 + 20 + 163 + 77) = 2.86; 71.25:
(12x0+79x14+34%x2+130x3+52%x4)/(12+ |g = 2*24100=
_ 4
9 1512 179+ 34+ 130+ 52) = 2.42; 0.5
2%x0+16x14+24%X2+199x3+66x%x4)/(2+ si = 3 x100=
_ 4
a9 |SI= 16 +24 + 199 + 66) = 3.01; 75 95
e) |SI= | (B0x0+86x1+32x2+154x3+1x4)/(30+ si = 2%y100=
4
86 + 32+ 154 + 1) = 2.01; 0.1
f) |SI= [(0x0+50x1+28x2+165Xx3+64x4)/(0+ sl = 22lx100=
4
50 + 28 + 165 + 64) = 2.81; 70.25:
i) |SI= | (0x0+48x1+16x2+134x3+109x4)/(0+ si = 22x100=
4
48 + 16 + 134 + 109) = 2.99; 74,75

Source: Authors’ calculation based on survey data and the Formula (1).

Where the sum of response frequencies of the surveyed farmers on each item with respect
to climate change and water issues is multiplied with the order of Likert Scale coefficients and
divided by the total number of observations respectively. Then derived coefficients were
divided against 5 point Likert Scale order and Severity Index (Sl1) coefficients obtained for each
perception related with climate change and water issues in the region. The results of the Severity
Index (SI) are shown in Table 3.

Table 3. Farmers’ perceptions toward climate change and water issues

L SD DA MA A SA Severity

Description of the selected frames ©) (1) @) 3) (@) Index (%)
Water resources are becoming NRS 0 13 7 176 | 111 813
scarce PRS 0 4.2 23 | 573 | 36.2 '
Climate change has already NRS 7 40 20 163 77
affected agriculture and water 71.2
resources of Uzbekistan PRS | 23 13 6.5 | 59.1 | 251
Climate change is a serious NRS 12 & 34 130 52 605
problem PRS | 39 | 257 | 111|423 | 16.9

14



Climate change effects my farm NRS 2 16 24 199 66 752
production PRS | 07 | 52 | 78 | 322 541 '
e . NRS 30 86 32 154 1

Precipitation is decreasing PRS 08 28 104 | 502 1 50.1
Temperature is increasing NRS 0 >0 28 165 64 70.2

PRS 0 16.3 9.1 | 537 | 2038
Adaptation is necessary for all of | NRS 0 48 16 | 134 | 109 47
us PRS 0 15.6 52 | 436 | 355

Note: NRS — number of respondents; PRS — percentage of respondents; SD — strongly disagree; DA — disagree;
MA — moderate agree; A —agree and SA — strongly agree;

N — 307 farmers.
Source: Authors’ calculation based on survey data.

Attained Severity Index (SI) values range from 50.1% to 81.3%. The highest value of Sl
was attained for the perception “Water resources are becoming scarce”. The next highest
number of followers was attained for the perceptions “Climate change effects my farm
production” and “Adaptation is necessary for all of us” with values of 75.2% and 74.7%
respectively. Likewise, the perceptions “Climate change has already affected agriculture and
water resources of Uzbekistan™ and “Temperature is increasing” corresponding to 71.2% and
70.2% were calculated. The lowest values of SI were attained for the perceptions “Climate
change is a serious problem” and “Precipitation is decreasing” corresponding to 60.5% and
50.1% respectively. The above attained Severity Index (SI) values indicate that farmers are
sufficiently aware and agree with the overall and particular impacts of climate change events
on their farming activities. Importantly, most farmers perceived the water shortages as a more
problematic issue than other threats although they have been endowed with sufficient water in
upstream zones of the Zerafshan River Basin. Furthermore, by taking into account climate
change and the potential risk of water shortages, farmers considered the necessity for climate
change adaptation practices for sustainable agricultural production and livelihood.

4.2. Determinants of farmers’ adaptation practices

A set of explanatory variables were regressed upon farm adaptation practices. Selected
factors were incorporated into the regression analysis based on their correlation statuses and
economic theory. Detailed results of the Logistic regression model are given in Table 4. In this
study, the dependent variable is the presence of farmers’ adaptation strategies against climate
challenges.
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Table 4. Determinants of farmers’ climate adaptation practices (results of Logistic model)

Variables Measurement unit Odds Ratio
Age years -0.97 (0.014)
Education dummy 1.48 (0.538)*
Experience years 1.04 (0.027)*
Off-farm income dummy - 0.47 (0.199)*
Livestock number of heads 1.01 (0.018)
Land size hectare - 0.98 (0.004)***
Credit dummy 1.81 (0.802)
Extension dummy 2.02(0.573)**
Market access dummy 1.32(0.377)
Weather information dummy 1.05 (0.301)
Membership dummy - 0.48 (0.132)**
Climate change dummy 1.56 (0.469)*
Temperature increase dummy 1.06 (0.272)
Water scarcity dummy 1.35 (0.364)

Note: *, ** and *** denote the significance of the coefficients at 0.1, 0.05, and 0.01 level.
Source: Authors’ calculation based on survey data.

According to model results, farm socioeconomic variables such as age group of the farmer
were found to have a negative but not significant relation with climate adaptation practices. It
implies that younger farmers are more eager and faster than elders in terms of technological
changes and adopting innovations for their better performance. Meanwhile, age and experience
are interrelated factors that may have cumulative impacts on adaptation. In our results, farming
experience was found to be a positively related determinant. The education level of the farmers
also has positive and significant signs for adaptation strategies, while farmers with better
education are more capable of adopting adaptation practices. In general, farmers with more
assets are more successful in their operations, whereas additional income sources better
encourage them to find solutions against challenges. In another case, farmers with a high level
off-farm income source may quit agricultural activities. In our study findings present the
negative relation between off-farm income and the positive relation of livestock ownership with
adaptation practices. Agricultural land is a major livelihood asset and wealth indicator for the
farmers. In this study, the sign of land size was found to have a negative correlation with
adaptation practices.

Institutional and market accessibility factors are important for coping with and mitigating
climate threats. The investigated values of farmers’ access to credit, market, and whether
information is positively correlated with adaptation strategies. Agricultural producers with good
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access capacity are more capable of managing climate-related risks. In particular, the coefficient
of extension was found to be highly significant and positive to climate adaptation strategies.
Surprisingly, a negative correlation was found between membership of agricultural clusters and
adaptation strategies. This may be because of the new system and inclusive transformation in
the agricultural sector of the country. Moreover, farmers’ perceptions of overall climate change,
temperature increase and water scarcity were found to have a positive and significant relation
with adaptation, while as climate extremes increase farmers intensify their efforts in order to
adopt best practices.

5. Discussion

Developing countries are more vulnerable and less resilient to the adverse consequences
of climate change due to poor market and institutional accessibility and limited adaptive
capacity. As per results of previous studies by Babakholov et al. (2022), Radchenko et al.
(2017) and Bobojonov et al. (2016) climate change has already become acute to the agriculture
of Uzbekistan, with particular threats to agricultural production, water resources, food security
and rural income. Continued droughts and water shortages accelerated climate challenges even
in irrigated areas of the country and this intensified the urgency and necessity of adaptation at
local and national levels. In this regard, the present study attempted to investigate the farmers’
perceptions on climate change and water shortages together with the main determinants of
adaptation strategies in the case of farmers operating with sufficient water supply in the
Zerafshan River Basin in Uzbekistan. The empirical analysis was implemented using farm-level
survey data and a climate-oriented framework by corresponding previous literature (Ferdushi
et al., 2019; Delaporte et al.. 2018; Alemayehu et al.. 2017). At the primary stage of the
analysis, the Severity Index (SI) was calculated using the data which included a set of climate
and water-related items asked to farmers in order to measure their perception accuracy on
observed climate events and water issues. The initial findings of this study on farmers’
perception show that farmers in the study region are sufficiently aware of climate change
consequences and confirmed the adverse impacts of climate threats on their production and
water usage as well. Interestingly, farmers’ perception on water shortages was found to be
higher than the perception on climate extremes, while farmers have more worries about the
potential risk of water shortages in the near future although they have been operating with
sufficient water provision. As already mentioned by farmers involved in agricultural production
the evidence of temperature rises and rainfall drop has occurred in their areas. Overall, farmers
take both climate change and water issues as problematic concerns and give most consideration
to the necessity for adaptation practices because these problems are directly and indirectly
affecting their income loss and livelihoods respectively.

Meanwhile, this study explored the association between the farm’s socio-economic, and
institutional characteristics and climate adaptation strategies in the next step of analysis.
Although the majority of findings of this study corroborate the results of other studies conducted
globally, some results were found to be contrary and specifically study region-related. Age and

17



experience are interrelated factors that may have interactive positive impacts on outcomes
(Mulwa et al., 2017). In this study experienced farmers were found to have more positive
attitudes to take adaptation measures. Notwithstanding, the age of the farmer was found to be a
negatively associated factor to adaptation and thus corresponds with the findings of recent
studies (Yeo et al., 2020; Ali et al., 2017; Tesfaye et al., 2016). While younger farmers are
more likely to be innovative and active, the older generation is found to be negatively affecting
the adaptation rate. This is because old farmers prefer to stick with their existing farming
practices which are already not sufficient to overcome challenges. As confirmed in other studies
across the continent Rahut et al. (2017), Alemayehu et al. (2017), Abid et al. (2015) and Bryan
et al. (2013), the sign of farmers’ education was found to be positive and significant for
adaptation strategies, implying that educated farmers with good theoretical background could
be sufficiently aware of climate change consequences and be more active and precise in
adopting the best strategies against climate threats. Agricultural producers often rely on non-
agricultural profits or assets to improve their outcomes or to combat challenges. In our study,
there is a negative correlation between off-farm income and the positive correlation of livestock
with adaptation. Theoretically, wealthy farmers with financial ability are more like to invest in
innovations and technologies. At the same time having off-farm income may have either a
positive or negative influence on farmers’ decisions, while with good non-agricultural income,
farmers may quit farming activities or be less motivated, especially under the condition of
climate extremes and water shortages.

Farm institutional and market accessibility are also paramount for better outcomes. Our
findings indicated the positive association of credit, market, and weather information access in
adaptation strategies although the coefficients were not statistically significant. Farmers with
good market and credit access can improve their adaptive capacity, which enables them to
implement climate adaptation measures on time in the study region. The results are consistent
with previous research (Yeo et al., 2020; Adimassu et al., 2016; Abid et al., 2015; Yegbemey
et al., 2013). Along with this, the positive and significant relation of extension access with farm
adaptation practices was explored. Extension access could enhance farmers’ ability, whereas
farmers with good extension are more likely to have accurate information on climate-driven
threats and be precise in coping with climate risk management (Ali et al., 2017; Deressa et al.,
2009). Agricultural land is the main asset of the farmers, which enables them to survive and
better develop their livelihoods. Owning a large amount of arable land implies more yield and
more income respectively. On the other hand, it may pose some challenges in terms of
management issues, as sampled farmers reported during the interviews. Even though the
majority of previous studies Ferdushi et al. (2019), Ali et al. (2017), and Rahut et al. (2017)
found a positive association between land size and adaptation, a negative-significant association
of land size was found in the study area. In fact, private farmers own not less than 20 hectares
based on their cropping pattern in Uzbekistan, particularly after the land optimization reform in
2019. This implies that the current amount of land given to farmers may pose managerial
challenges with respect to climate adaptation practices in the study area.

Membership of the farming highlights the affiliation of farmers in any type of agriculture
related communities, such as water users’ association (WUA), farmers group (FG), and
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cooperatives, which generally also have a positive relation with agricultural output and
adaptation strategies (Yeo et al., 2020; Piya et al., 2013). In this study membership denotes the
farmers’ affiliation in agro-clusters, which have recently been established in the country. Unlike
the findings of other studies, the negative association of membership in adaptation practices is
found in our study. As farmers reported, this may be due to the lack of mutual understanding
and poor level of cooperation between the clusters and agricultural producers. Moreover,
farmer’s perceptions on climate change, temperature increase and water scarcity were found to
have positively associated factors in adaptation practices. Similar findings were highlighted by
the results of previous studies by Yeo et al. (2020) and Alemayehu et al. (2017). Overall, when
agricultural producers perceive changes in climate patterns and face water shortages their
willingness to adopt the best adaptation strategies would increase.

6. Conclusion

Climate change and its adverse consequences have already intensified the urgency of
adaptation even in the irrigated zones of Central Asia. Climate change and water issues were
reviewed and perceptions towards climate change and water shortages, together with
determinants of adaptation practices, were investigated in the case of farmers operating in the
upstream zones of Zerafshan River Basin in Uzbekistan. Farm-level survey data was collected
through 307 interviews from 5 districts of the Samarkand region, which is located in the main
body of the basin. In the first step, farmers’ perceptions on climate change and water were
measured using the Severity Index (SI) framework. The results of the index presented some
interesting facts in the context of the study area, in which farmers perceive water issues as more
problematic to their livelihood than climate extremes, although they have been endowed with
sufficient water amount at present.

The effect of dozens of factors on the adaptive capacity of farmers and the influence of
those factors may differ based on the context of the study region. Logistic regression was
applied in order to investigate the main determinants of adaptation strategies. In line with other
studies conducted globally, findings revealed some novel facts for the study region.
Accordingly, education of household heads, extension, and farmers’ perceptions on climate
change and water were found to be positive determinants, but land size and membership in
agro-clusters were found to negatively influence climate adaptation strategies. Based on the
findings of this study, policy implications should concern the following aspects with respect to
future climate extremes and water issues: i) land policy and cooperation between clusters and
farmers should be strengthened; ii) awareness of agricultural producers on climate change and
water issues needs to be increased; and iv) state policy should further concern extension and
water management systems to increase the resilience of farmers against future climate
challenges.

Despite the interesting findings that have been explored in the context of Central Asia,
climate change adaptation processes still remain a matter of debate. Our study also has potential
limitations due to limited data access and coverage issues. The estimations in the model are
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based on survey data and sampled farmers represent just one region. Therefore, we suggest
further studies to make estimations with a broader dataset such as panel data, which enables
better policies to be drawn in the context of climate adaptation.
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