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Abstract Central Asia is projected to experience significant climate change, com-
bined with increased weather volatility. Agriculture is a key economic sector and a
major source of livelihoods for Central Asia’s predominantly rural population, espe-
cially for the poor. Agricultural production, being sensitive to weather shocks and
climate volatility, may be negatively affected by climate change if no adaptive
actions are taken. Climate smart technologies could help in strengthening the resil-
ience of agricultural producers in the region to increased weather variability due to
climate change. This study identifies the key barriers and opportunities for a wider
adoption of climate smart technologies and also evaluates their potential impacts on
agricultural revenues of differentiated groups of agricultural producers, with a focus
on the poor. Adoption of climate smart agricultural technologies was found to raise
farming profits of both poorer and richer households, although these positive
impacts may likely to be higher for richer households. The study also shows that
policies facilitating improved access to markets and agricultural extension services,
as well as higher commercialization of household agricultural output may increase
the adoption of climate smart agricultural technologies in the region.

1 Introduction

The four countries of Central Asia — Kazakhstan, Kyrgyzstan, Tajikistan and
Uzbekistan — are located in arid, semiarid and sub-humid regions. The climate in the
region is intrinsically volatile, with often recurring weather shocks, such as droughts,
heatwaves, frosts and hails (Gupta et al. 2009). Agriculture is an important sector
for the region. Even in richer Kazakhstan, where the share of agriculture is 6% of
the Gross Domestic Product (GDP), it employs almost 30% of the labor force. In the
rest of the region, the share of agriculture in GDP is as high as 30% in Kyrgyzstan,
and in employment as high as 66% in Tajikistan (Mirzabaev 2013). Thus,
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agriculture is a major source of livelihood, especially for the rural poor. Because
agricultural production is sensitive to weather, increased weather variability due to
climate change may have a negative impact on agricultural production and farming
incomes. Therefore, appropriate actions are needed to dynamically adapt the agri-
cultural practices to changing climatic and weather conditions (Zilberman et al.
2012). In this context, the poorest rural households are more vulnerable to climate
change because they have lower adaptive capacities and higher dependence on
farming incomes. In fact, Mirzabaev (2013) finds that every 10% decrease in farm-
ing incomes due to weather variability in the region is likely to reduce the per capita
food consumption of the poorest quartile of households by 5.2%, while a similar
decrease in farming incomes would result only in 3.9% decrease in the per capita
food expenses of the richest 10% of rural households. Taking this into account, any
analysis of adaptation to climate change would be deficient unless it specifically
looks into the factors that enable or prevent the poorest agricultural households
from adapting to increased weather variability and climate change. Ultimately,
major impacts of climate change are expected to be not through aggregate changes,
but through their distributional effects (Zilberman et al. 2004).

Despite a decade of strong economic growth, rural incomes remain low in many
parts of the region, with related challenges of food insecurity and rural poverty.
Adaptive actions are required not only to cope with weather shocks, but also for
being resilient enough to successfully overcome the negative impacts of weather
shocks and achieve agricultural growth and rural poverty reduction. The adoption of
sustainable and climate-smart agricultural technologies (CSATs) could help in
increasing such a resilience of agricultural households to climate change (Lipper
et al. 2014). This is especially important in the context of significant uncertainties
about the direction and magnitudes of climate change impacts in Central Asia.
Limited resources require that these adaptive actions are made up of no-regret mea-
sures, capable of positively contributing to regional food security, agricultural
growth and poverty reduction even with perfect climate change mitigation.

Based on the above problem compounded by regional challenges, the proposed
study seeks to answer the following research questions:

1. what are the key barriers and catalysts for the adoption of CSATs in Central Asia, and
2. what may be the distributional effects of the adoption of CSATSs on the farming rev-
enues of different categories of agricultural households, with a focus on the poor?

2 Literature Review

2.1 Climate Change in Central Asia

The regional downscaling of IPCC forecasts for Central Asia (de Pauw 2012)
indicates that there may be likely increases in the average annual mean, mini-
mum and maximum temperatures throughout the region, though the
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temperature increases would be lower in the west of the region near the
Caspian Sea, and higher in the north of the region (de Pauw 2012). In general,
the annual precipitation may increase in the region, with higher increases in
the north of the region, and some slight decreases in the south of the region.
Spring and fall precipitations are likely to increase while summer precipita-
tion to decrease. Wetter winters may be more frequent, as well as drier springs,
summers and autumns. However, unlike the temperature projections there are
big disagreements among different models on the direction and magnitudes of
precipitation changes in the region. Warming could increase the water run-off
in Central Asia for decades, or even centuries as suggested by Gupta et al.
(2009). However, the seasonality of runoff may change, with more runoff in
spring and less in summer (ibid). Moreover, Stulina (2008) indicates that fore-
casts of the flow of the Amudarya and Syrdarya Rivers strongly vary depend-
ing on the model. For example, under the Geophysical Fluid Dynamics
Laboratory (GFDL) model of the United States’ National Oceanic and
Atmospheric Administration (NOAA), there may be 1% increase in the aver-
age flow of Syrdarya and no change in the flow of Amudarya by 2030. In
contrast, using the Canada Climate Change Model (CCCM) may lead to pre-
dictions of significant decreases in the flow of both rivers, -28% and —40% for
Syrdarya and Amudarya, respectively (ibid.). All in all, the climate change
forecasts for Central Asia indicate that temperatures may be rising all across
the region. There is no consensus in precipitation and water run-off
predictions.

Mirzabaev (2013) estimates the aggregate impacts of climate change on Central
Asian agriculture to range between +1.21% and —1.43% of net crop production
revenues by 2040. Though small in relative terms, the absolute monetary impact is
not negligible, ranging from +180 mIn USD annually in the optimistic scenario,
to — 210 mln USD annually in the pessimistic scenario relative to 2010 levels, where
optimistic and pessimistic scenarios are defined to correspond to B1 (lowest future
emission trajectory) and A1FI (highest future emission trajectory) scenarios by
IPCC (2007), respectively. However, these aggregate impacts have significant geo-
graphic and socio-economic distributional effects, whereby the poorer provinces in
Central Asia and poorest agricultural households would be affected more negatively
by climate change due to their lower adaptive capacities and higher dependence on
agricultural incomes (Mirzabaev 2013). This is also supported by several other stud-
ies on the region. Nelson et al. (2010) find that by 2050, climate change may lead to
higher rainfed wheat yields in Kazakhstan and Kyrgyzstan (by 0-11%), while in
Tajikistan, Turkmenistan and Uzbekistan rainfed wheat yields may decline (by
8—18%). The yields for irrigated wheat may decrease in all countries (by 7-14%),
except in Uzbekistan (+1%). Sommer et al. (2013) find that wheat yields may grow
on average by +12% across Central Asia, ranging from — 3% to +27%. Bobojonov
et al. (2012) estimate that during 2040-2070, the climate change may increase agri-
cultural incomes in northern rainfed areas of Central Asia (in some areas by up
50%), and reduce incomes in the southern irrigated areas, especially under the con-
ditions of water scarcity (in some areas by more than 17%).



480 A. Mirzabaev

As we can see from these studies, major impacts of climate change in
Central Asia are likely to be through their negative effects on the poorest agri-
cultural households, while the aggregate effects do not seem to be substantial
relative to the overall economy. Therefore, the link between climate change
and poverty is vital for responses to climate change in the region. In this
regard, climate smart agriculture may help reduce vulnerability by stabilizing
or even increasing agricultural production (Meinzen-Dick et al. 2012; Wheeler
and von Braun 2013).

2.2 The Role of Climate-Smart Agricultural Technologies

Climate smart agriculture is an approach to transform agricultural systems and to
support food security under a changing climate by providing context-specific and
flexible solutions (Lipper et al. 2014). In general, climate-smart agriculture has
three objectives (McCarthy and Brubaker 2014):

1. Increasing agricultural productivity in a sustainable way, and to support equita-
ble increases in farm income, food security and development

2. Strengthening the resilience of agricultural and food security systems towards
climate change

3. Reducing greenhouse gas emissions from agriculture (including crops, livestock
and fisheries).

Thus, climate-smart agriculture has, in fact, wide-reaching implications
beyond narrowly defined climate change and adaptation to it, and covers a broad
spectrum of sustainable development objectives. Climate-smart agriculture
involves technological, institutional and policy solutions. For example, a crop
rotation with nitrogen-fixing crops increases biomass production. Diverse pro-
duction systems tend to produce more biomass than monocultures (Tilman et al.
2006), which also entails opportunities of additional carbon storage. Improved
water management also has impacts on biomass production as it can increase
the amount of water in the root zone and therefore enhances carbon sequestra-
tion potential (Kimmelshue et al. 1995). Reduced tillage could lead to decreases
in carbon losses (Branca et al. 2011). Gupta et al. (2009) indicate several dozen
of such climate smart technologies experimented with in Central Asia for the
last decade, such as zero tillage, direct seeding, cutback and zigzag irrigation,
double cropping, etc. The corresponding economic analyses of these technolo-
gies also show that many of them have positive cost-benefit ratios (Pender et al.
2009), i.e. could be used as no-regret options for both adapting to climate
change, sustainably managing soil and water resources, and raising farming
productivity and incomes.
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3 Conceptual Framework

The adoption of CSATS, like those listed above, could be highly useful to strengthen the
resilience of the agricultural households and improve their capacities to adapt to climate
change. In general, adaptation can be considered as all changes an individual or an insti-
tution, such as government, makes to adjust to a changing environment (Osberghaus
et al. 2010; Seo 2011). However, when faced with slow onset uncertain risks such as
climate change, raising public awareness could be necessary for correct attribution of
the causes of on-going climatic changes and appropriate reactions to these changes. It
also needs to be acknowledged, as suggested by Nhemachena and Hassan (2007) and
Mertz et al. (2009), that adaptation measures undertaken by farmers may have other
driving forces than actual climate effects. For this reason, adaptation actions are a func-
tion of both perceiving the risks associated with the climate change, but are also depen-
dent on personal environmental knowledge and beliefs, as well as personal characteristics
such as gender, age, education, etc. (O’Connor et al. 1999).

Adaptation can be classified into two categories: (i) private adaptation and (ii)
public adaptation (Mendelsohn 2000). Private adaptation is undertaken by individu-
als themselves seeking to maximize their utility, while public adaptation is under-
taken by governments seeking to achieve a higher public benefit for the entire
society (Osberghaus et al. 2010). Adaptation can happen ex post or ex ante to a cli-
matic shock (Mendelsohn 2000).

The vulnerability of agricultural production to climatic and weather changes is
greatly modulated by timely adaptation and coping actions. However, when evaluating
uncertain and low probability events individuals may often make decisions based on
their intuitive risk judgments, i.e. perceptions, rather than rational expected utility maxi-
mization (Tversky and Kahneman 1986), which is influenced by individual’s previous
experiences, education, age, gender, socio-economic, institutional, cultural and other
characteristics. However, perceiving climate change is not by itself sufficient for adapt-
ing to it. One of the key incentives for successful adaptation is when agricultural produc-
ers do perceive that climate is changing and that this change is affecting their agricultural
activities, necessitating them to take appropriate actions to modify their farming prac-
tices to better suit the new climate. Households start adapting only when the costs of
inaction on the changes that they perceive outweigh the costs of adaptive actions. Even
if households perceive certain changes in the climate, they may still be unwilling to incur
costs of adapting to these changes if these changes do not pose a sufficiently high level
of damage risk, especially since individuals tend to underestimate the occurrence of low
probability events (Tversky and Kahneman 1986).

Even when households perceive the changes and are willing to take adaptive
actions, they may still be constrained by low adaptive capacities. Households’ adap-
tive capacities, in turn, depend on their resource endowments, specifically, their
access to five “capitals”: human, natural, financial, social and physical (Chambers
and Conway 1992), which largely fashion households’ resilience to external shocks,
including weather and climate shocks. A major purpose of the analysis would be to
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Fig. 1 The conceptual framework of causal relationships

estimate the impact of the adoption of CSATs by different categories of surveyed
households, with a focus on the poorer households.

Following these broad outlines, this study is based on the conceptual framework
of causal links shown below (Fig. 1), which also motivated the empirical strategy
outlined in the following section.

The conceptual framework indicates that both the adoption of climate smart
technologies and farming incomes depend on the characteristics of agricultural
households and the environmental, institutional and policy factors affecting the
decision making by households. The adoption of CSATs would also affect the farm-
ing incomes. However, the relationship is likely to be endogenous, whereby farming
incomes of the households would also influence their decisions about the adoption
of CSATs. To address this endogeneity, access to agricultural extension services
would be used as an instrumental variable. Extension services on CSATSs are pro-
vided for free to agricultural households in the region (also corroborated by the
survey dataset used in this study) by government-run farming associations or non-
profit organizations, and therefore, is likely to influence farming incomes only
through its impact on the adoption of CSATSs, and is not influenced by farming
incomes of the households.

4 Empirical Framework

4.1 Data

The dataset used for this analysis comes from nationally representative agricultural
household surveys conducted in the four countries of Central Asia studied in this
paper. The survey covers the 2009-2010 cropping season. The multi-stage survey



Improving the Resilience of Central Asian Agriculture to Weather Variability... 483

sampling was conducted in a way to ensure representativeness of the survey sample
with the overall population of agricultural producers: farmers and household pro-
ducers, across different agro-ecologies and farming systems in each country. The
confidence interval of 95% was used to calculate the sample size. The calculated
sample size varied between 380 and 385 respondents between the countries. To
compensate for any missing or failed cases, the actual sample size for each country
was determined to be 400 respondents, i.e. 1600 respondents in total.

Uzbekistan and Kazakhstan (the larger countries in the dataset) were first divided
into major agro-ecological zones — west, south, center and east for Uzbekistan,
north, center, west, south and east for Kazakhstan. Then in each zone, one province
was randomly selected. In the case of Tajikistan and Kyrgyzstan (the smaller coun-
tries) all provinces were selected for further sampling of villages in each of them.
The number of respondents was allocated to each province depending on the share
of the agro-ecological zone (or province, in the cases of Tajikistan and Kyrgyzstan)
in the value of the national agricultural production.

Following this, the total list of villages was obtained for each province selected.
The villages in each province were numbered, and the corresponding numbers for
the selected villages were randomly drawn (35 villages in Kazakhstan, 22 in
Kyrgyzstan, 25 in Tajikistan, 25 in Uzbekistan). The number of respondents per vil-
lage was evenly distributed within each province. At the village level, the list of all
agricultural producers, including household producers, were obtained from the
local administrations; agricultural producers were numbered, and then from this
numbered list, respondents were randomly selected. Due to civil unrest during most
of 2010 in southern Kyrgyzstan, it was impossible to include the three provinces in
the south of Kyrgyzstan in the sampling. Similarly, Gorno-Badahshan autonomous
province of Tajikistan was also excluded from sampling due its trivial share in agri-
cultural production and population, as well as extremely high surveying costs due to
its location in high altitude areas with difficult access (Fig. 2). In summary, in spite
of these geographical gaps, the selected samples are well representative of the key
areas in the region in terms of their share in the overall agricultural production,
population, and different income levels.

4.2 Methods

As an initial step, an exploratory analysis of the survey datasets is conducted with
the purpose of highlighting the major characteristics of the surveyed households.
Then, two-stage regression is run to identify the impact of adoption of climate smart
technologies on net farming profits. The purpose of the two-stage procedure is to
address the endogeneity between the farming incomes and the adoption of CSATs.
In the first stage, the probit model is used to regress the variable representing the
adoption of climate smart agricultural practices on a number of explanatory vari-
ables including household, farm, climatic and institutional characteristics, also
including the instrumental variable: access to extension services. The motivation for
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Fig. 2 Location of surveyed households across agro-ecological zones in Central Asia

using access to extension as instrument is because it affects farming incomes
through adoption of CSAT's only and households’ access to extension is not affected
by farming incomes. Extension is usually provided by the governments or by non-
profit/donor funded organizations in the region. In the second stage, net household
farming profits are regressed using ordinary least squares (OLS) on the same
explanatory variables as above (excluding the instrument) and the fitted values of
adoption of climate smart technologies from the first stage.

However, to identify the distribution impacts on different categories of house-
holds, separate regressions are run for two categories of households. The first group
with per capita daily food expenses less than the median for the whole sample (0.83
USD) — named as the “poor”, and the group with per capita daily food expenses
more than the medium, named as the “non-poor”. The econometric model specifica-
tions for the first and second stages are given below.

4.2.1 The First Stage
A=0H+BC+dF+61+uG+e (1)

where,

A = adoption of CSATs (0-no, 1-yes)

H = a vector of household characteristics

C = a vector of climate variables (temperature and precipitation, etc)

F = a vector of farm characteristics, such as farm size and livestock value.
I = a vector of institutional variables (market access, land tenure, etc)

G = the instrumental variable: access to extension services

€ = error term
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4.2.2 The Second Stage
T=aH+PC+¢F+SI+ufrA+e 2)

where,

7 = net farm profits

H = a vector of household characteristics

C = a vector of climate variables (temperature and precipitation, etc)

F = a vector of farm characteristics, such as farm size and livestock value.

I = a vector of institutional variables (market access, land tenure, etc)

JvA = fitted values of adoption of climate smart technologies from the first stage
€ = error term

4.3 Variable Selection

Literature on the adaptation to climate change in agriculture has strong linkages
to the previous research on adoption of new technologies by agricultural produc-
ers, including under risky decision making contexts (Zilberman et al. 2012).
Based on the previous lines of research and earlier work on agricultural adaptation
to climate change per se, it is hypothesized that there are a number of variables
which influence the adoption of CSATSs. These variables are grouped into four
major categories, following Gbetibouo (2009): (i) household characteristics, cor-
responding to human dimension of the five “capitals”, (ii) farm characteristics
(physical capital), (iii) climate-related variables (natural capital), and (iv) institu-
tional variables.

4.4 Household Characteristics

Family size, age, education and gender of the household head are standard vari-
ables used in most adaptation and agricultural technology adoption studies, though
there is no firm theoretical consensus on the direction of their impact on
adaptation/adoption. In most cases, this is a matter of empirical analysis and can
differ from one context to another. Income of the household may have an effect on
adaptation as richer households have more resources and relatively greater adaptive
capacities making them more likely to adapt. To capture the income status of the
households the value of total household assets are used.



486 A. Mirzabaev
4.5 Farm Characteristics

Total farm size is expected to have a positive effect on technology adoption as
economies of scale could allow undertaking adaptation measures with scale-
sensitive costs. Many rural households in Central Asia keep livestock as one of the
key saving and investment strategies, hence the value of the livestock owned (dif-
ferent from income status) by the household can be a good indicator of the level of
adaptive capacity.

4.6 Climatic Characteristics

Higher frequency of climatic shocks can provide with more incentives for adapta-
tion. Significance of these variables would also corroborate the intuition that unless
Governments encourage farmers for ex ante adaptation most of adaptation to cli-
mate change could be ex post. It is believed that many impacts of climate change
would be felt along the agro-ecological zones, hence the estimation includes indi-
cators for agro-ecological zones. Higher long-term climate variability (30 years,
1980-2010) in terms of more variable temperature and precipitation could
necessitate a more adaptive behavior. Finally, the estimation also takes into account
long-term average precipitation and temperature (30 years, 1980-2010). The
climate variables have been compiled for about 400 weather stations across Central
Asia. The data come from national meteorological agencies, Williams and
Konovalov (2008), NASA’s Global Summary of the Day, and other sources. Climate
variables from individual weather stations were spatially projected to the digital
map of Central Asia using spatial interpolation technique of inverse weighted dis-
tance. Following this, corresponding weather variables were extracted for each
household using the GPS location of the household.

4.7 Institutional Characteristics

Land tenure is a potentially important factor influencing farmers’ decisions,
including those on adapting to climate change (Quan and Dyer 2008). Adaptation to
climate change may lead to increased production costs and/or necessitate long-term
farm investments. Quan and Dyer (2008) note that secure land tenure arrangements
are needed for better climate change adaptation. Farmers in Central Asia may oper-
ate several parcels with different tenure arrangements ranging from privately owned
to those leased from the State. To measure this in one variable, taking into account
different levels of incentives for long-term investments inherent to different land
tenure arrangements, the share of privately owned land area in the total farm size is
used in the model, even though, admittedly, this variable may not perfectly capture
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the tenure security. Higher market access would normally lead to more adaptation.
The country dummies are included to implicitly account for other country-specific
characteristics that are not included in the models explicitly. The intensity of night-
time lighting (DMSP-OLS Nighttime Lights Time Series, NOAA’s National
Geophysical Data Center, using the data collected by US Air Force Weather Agency)
is used as a proxy for availability of electricity. More lighting could indicate at
economic dynamism of the region and availability of non-farm job opportunities.

5 Results and Discussion

The survey responses show that about 62% of the respondents adopted at least one
CSAT. The adoption rates among the poorer half of the households are lower than
among richer half of the households (Fig. 3).

Many households in the surveyed sample, especially poorer households, report
to be constrained in their technology adoption by lack of credit, inputs, water and
information (Fig. 4). Major constraints to adaptation that are faced specifically by
poorest one third of agricultural households are found to be lack of access to credit
and inputs.

Table 1 presents the mean values for some major variables used in the analysis
segregated by country. Country-wise in the region, the adoption of climate smart
technologies is higher in Uzbekistan and Tajikistan, and the lower in Kyrgyzstan.
Agricultural households in Uzbekistan and Tajikistan also report to have much
higher access to extension services. There are no major differences among the
households in the countries of the region in terms of their demographic characteris-
tics. Farm sizes are the largest in Kazakhstan and lowest in Tajikistan and Kyrgyzstan.
In terms of total assets, the households in Kazakhstan are much richer than those in
other countries of the region. In general, Table 1 shows that despite considerable
similarities across the countries of the region, there are also substantial structural
and institutional differences, which need to be taken into account while devising
country-specific polices for promoting resilience to climate change. In this paper,
the focus is on common patterns across the region and discuss about development
policies that could be beneficial across different settings in the region.

Specifically, Table 2 presents the findings on the major determinants of the adop-
tion of CSATs (CSATS) in the region (the first stage of the estimation) and Table 3
presents the estimation of potential impacts of adoption of CSATs among house-
holds of two categories (the poorer half of the sample and the richer half) (2nd
stage).

The results in the first stage indicate that the selected instrument, extension ser-
vices, positively influences the adoption of climate smart technologies with statisti-
cal significance at 5%. The F-statistic of the excluded instrument is equal to 19.43,
which points also at the statistical validity of the instrument. Access to extension
would increase the knowledge and information of the households about CSATs and
the ways to apply them in their farms, thus allowing for higher adoption of CSATs
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Mean probability of CTS adoption

Fig.3 CSAT adoption by households according to per capita food consumption (below and above
medium food expenses per capita). 0 = no, 1 = yes
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Fig. 4 Constraints to CSAT adoption by household’s economic status (Terciles food expenses per
capita)
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Table 1 Mean values of key household, institutional, and environmental characteristics

Variables Kazakhstan | Kyrgyzstan | Tajikistan | Uzbekistan
Number of climate smart 2.8 0.2 4.4 4.9
technologies used

Household size 6 6 8 6

Age of household head in years 51 50 52 47
Length of growing periods in months | 97 102 131 92
Annual precipitation in mm 402 448 486 289
Annual temperature in degree Celsius | 7.0 5.7 14.4 14.4
The number of weather shocks during | 2.7 0.4 1.1 1.4
the last 5 years

Land tenure (0-not private, 1-private) | 0.63 0.90 0.73 0.60
Farm size in hectares 194 5 4 28
Access to extension (binary) 0.1 0.2 0.7 0.7
Value of livestock (in USD) 5255 8998 869 6796
Distance to markets (in minutes) 133 150 59 75
Value of total assets (in USD) 83,123 20,727 7407 34,939

Source: Mirzabaev (2013)

(Deressa et al. 2009). However, as we have seen in Table 1 and Fig. 4, access to
extension services and to information remains inadequate in many parts of the
region. Hence, there is a need for public polices and development interventions
facilitating greater access to extension among agricultural producers. Other major
factors found to be positively affecting the adoption of climate smart technologies
are better access to markets and commercialization of the households farming activ-
ities (vs. subsistence production), length of growing days and frequency of weather
shocks.

Both access to markets and higher commercialization of the produce allow
households to increase the profitability of their sales, thus incentivizing and enabling
them to make investments into CSATs (von Braun and Kennedy 1994). In the face
of higher frequency of weather shocks households might adopt CSATSs precisely for
increasing the resilience of their production activities against these shocks. The fac-
tors which are negatively associated with the adoption are night time lighting inten-
sity, share of the land privately owned. Moreover, the likelihood of adoption of
climate smart technologies is lower in more humid areas as compared to arid agro-
ecological zones. The night time lighting intensity is used here as a proxy for avail-
ability of non-farm jobs. Better access to non-farm jobs could increase the
opportunity costs of farm labor, thus making it costlier to adopt labor-intensive
CSATs. Whereas the negative impact of the share of land held under private prop-
erty on adoption is surprising, it is true that this variable used here is an imperfect
proxy for land tenure security.

The second stage of the regression shows that the adoption of CSATS has a posi-
tive impact on the net farming profits of both poorer and richer households, with
higher levels of positive impacts on the net profits of the richer households. The
share of land under private property is another major factor positively affecting farm
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Table 2 The 1st stage results. Determinants of CSAT adoption

Variables Coef. Conf. interval
Access to extension (binary) 0.527%%* (0.294 to 0.761)
Age of household head 0.0485* (—0.00334 to 0.100)
Age of household head, squared —0.000398 (—0.000892 to 9.55e-05)
Education of HH head —0.0324 (—=0.368 to 0.303)
Education of HH head, squared 0.0134 (—0.0558 to 0.0826)
Gender of HH head (0-female, 1-male) —0.0545 (—0.299 to 0.190)
Family size 0.000330 (—0.0289 to 0.0295)
Distance to markets (log) —0.134%% (—0.249 to -0.0191)
Night-time lighting intensity —0.0146%* (—0.0267 to —0.00241)
Total household assets 3.00e-06 (—=2.40e-06 to 8.41e-06)
Livestock value —3.44e-06 (—1.12e-05 to 4.35¢-06)
Farm size (ha) 0.00183 (—0.00122 to 0.00488)
Aridity level 0.254 (—=1.353 to 1.861)
Length of growing days 0.0160%** (0.00779 to 0.0242)
Share of land privately owned —0.443%#%%* (—0.680 to —0.207)
Agro-ecological zone (base: arid)
Semiarid —2.245%%% (—3.089 to —1.400)
Sub-humid —2.7702%3#:% (=3.697 to —1.707)
Humid —1.765%* (—3.186 to —0.345)
Subsistence farmer (binary) 0.499* (—0.00377 to 1.001)
Mean annual temperature 0.0314 (—=0.00965 to 0.0725)
Annual precipitation 0.00142%** (0.000262 to 0.00258)
Variance of precipitation —0.00787*** (=0.0111 to —0.00466)
Variance of temperature 0.0406 (=0.119 to 0.200)
Number of weather shocks during the last 0.0577%* (0.00453 to 0.111)
5 years
Country dummies (base: Kazakhstan)
Kyrgyzstan —1.575%%%* (=2.048 to —1.103)
Tajikistan —0.9827##:* (—1.455 to -0.508)
Uzbekistan 0.955%# (0.516 to 1.394)
Constant 0.447 (—1.306 to 2.201)
R-squared 0.43
F-Statistic of the excluded instrument 19.43

w55p < 0,01, **p < 0.05, *p < 0.1

profitability for both poorer and richer households. On the other hand, there are
several variables with statistically significant effects only under one category of
households. There are no variables with statistically significant opposite signs under
the two categories of households. Better access to markets, higher livestock assets,
and previous experiences with weather shocks seem to be positively related to
higher on-farm profitability, especially among the poorer agricultural households.
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Table 3 The 2nd stage results. Potential impacts of CSAT adoption

Stage 2, Poorer households,
net farming profits (log)

Stage 2, Richer households,
net farming profits (log)

Variables Coef. Coef.
CSAT adoption, fitted values | 0.205* 0.53 1#%*
Age of household head —0.000785 —0.00924
Age of household head, 9.13E-06 8.45E-05
squared
Education of HH head 0.0202 0.0138
Education of HH head, squared | —0.00869 —0.000772
Gender of HH head (0-female, | 0.0391 0.0477
1-male)
Family size —0.000273 0.00958
Distance to markets (log) —0.0293** 0.0161
Night-time lighting intensity 0.000417 0.00566%#*
Total household assets 4.41E-08 2.72E-07
Livestock value 4.01e-06%%* 1.76E-07
Farm size (ha) —0.000220* —0.000205
Aridity level —0.245 0.172
Length of growing days —0.00204* —0.00264*
Share of land privately owned 0.193%** 0.201%**
Agro-ecological zone
(base-arid)

Semiarid 0.230%** 0.115

Sub-humid 0.393 % 0.196

Humid 0.459%** 0.0538
Subsistence farmer (binary) 0.0351 —0.0856
Mean annual temperature 0.0132%** 0.00905
Annual precipitation —0.00014 —9.04E-05
Variance of precipitation 0.000254 0.00138%*%%*
Variance of temperature —0.0804#%** —0.0545%%*
The number of weather shocks | 0.0122* —0.00138
during the last years
Country dummies
(base-Kazakhstan)

Kyrgyzstan 0.239%* 0.348%%*

Tajikistan 0.125 0.0102

Uzbekistan 0.0219 —0.00421
Constant 8.975% %% 8.559%%*
R-squared 0.244 0.186
Number of observations 760 758

##%p < 0,01, **p < 0.05, *p < 0.1
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6 Discussion and Policy Implications

The results presented in this paper indicate that the adoption of CSATS increases the
on-farm profitability. In their extensive review of climate smart and sustainable land
management technologies (SLM) in the region, Pender et al. (2009) also find that
cost-benefit ratios of many SLM technologies such as zero tillage, mulching,
improved irrigation techniques, raised bed planting, etc. are positive in the region,
often substantially so, thus corroborating the findings of this paper. However, the
adoption rates of these technologies remain relatively low. These low adoption rates
are often due to various barriers to adoption, as discussed above, such as lack of
access to credit, to extension services and to input and output markets. Financial
institutions can often be unwilling to extend credit to small-scale farming house-
holds with unknown risk profile and lack of collateral to guarantee the credit. In
many instance, these farming households only lease their land from the State with-
out the legal entitlement to use their land as collateral for obtaining credit.
Government policies could target expanding farmers’ legal rights in using their land
leased from the State as collateral for obtaining credit. An alternative option would
be government-financed soft loan programs to farmers targeting the adoption of
new resource-efficient and climate smart technologies. The large scale adoption of
conservation tillage practices in Kazakhstan on several millions of hectares was
partially found to be facilitated by government subsidies promoting this technology
(Kienzler et al. 2012). However, limited public funds may serve as barriers for other
such programs at a larger scale, especially in the poorer parts of the region.
Furthermore, the overall impact of such soft loan or subsidy programs on poverty
reduction may also be reduced by asymmetric bargaining powers and access to
credit funds between richer farmers and poorer farmers.

Other more promising areas for catalyzing the adoption of CSATs include pro-
viding better access to markets, including through better infrastructure, improving
the investment climate for post-harvest processing and moving towards higher lib-
eralization of input and output markets. In some countries of the region, input and
output markets, as well as acreage decisions, especially for cotton and wheat crops,
are still administratively managed by governments. Although abrupt removal of
these regulation could be counter-productive in the short-term, gradual liberaliza-
tion of the agricultural sector is likely to improve the agricultural profitability and
reduce resource misallocations.

7 Conclusions

Central Asia is expected to experience a significant climate change in the coming
decades, even though there are high uncertainties about the exact magnitudes of
these changes. Importantly, previous studies point at important distributional effects
of climate change on different categories of rural agricultural households, with
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more negative impacts on the poor. Given the uncertainties related with climate
change, there is a need for such CSATSs that would strengthen the resilience of agri-
cultural production against a variety of climatic shocks, at the same time allowing
for agricultural productivity growth and rural poverty reduction. This study finds a
positive impact of the adoption of CSATSs on agricultural revenues, both for poorer
and richer households. Despite this potential, the adoption rates of CSATS remain
relatively low in the region. The findings show that policy actions targeted towards
improving access to markets and agricultural extension services, and higher com-
mercialization of household agricultural production can serve as catalysts for the
adoption of CSATs by rural households.

Although there are numerous analyses of the costs and benefits of adoption of
CSATs at a farm level, larger scale effects of these adoptions, and social rates of
returns from adopting these technologies need yet to be studied in the region. More
information on the macroeconomic and social rates of returns from investing into
CSATs as well as the extent of transaction costs for the implementation of CSAT
programs and initiatives could provide with the necessary evidence base for better
informed policies on the promotion of CSATs in Central Asia.
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