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Bishkek, Kyrgyzstan; iInstitute of Social Anthropology, University of Bern, Bern, Switzerland; jGerman Institute of Development and Sustainability 
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ABSTRACT  
Central Asia faces substantial water scarcity due to increasing water demand driven by rapid 
urbanization, population growth, economic development, and inefficiency of irrigated agriculture. 
These developments are compounded by the effects of climate change, such as rising temperatures, 
loss of glacier mass and increased frequency of extreme events, including droughts. The region’s 
escalating water scarcity is causing disputes and straining rural livelihoods. Moreover, these challenges 
drive migration, creating considerable societal impacts. However, these issues remain underexplored 
in climate change research, making the region a global blind spot in climate adaptation and migration 
studies. We advocate for innovative research pathways that scrutinize smallholder adaptation 
strategies, examine the nexus between climate change, water scarcity, and mobility, and investigate 
tensions and cooperation over water resources. We conclude by emphasizing that substantial 
investments in inter- and transdisciplinary collaboration, improved data availability and quality, and 
strengthening of research and institutional capacities are essential to advance interdisciplinary climate 
impact research in Central Asia. Such efforts are vital for addressing existing knowledge gaps and 
enhancing evidence-based policymaking to improve the region’s position in current and future 
debates on climate change and sustainable development.
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1. Climate change impacts and societal challenges 
in Central Asia

Central Asia – here referring to Kazakhstan, Kyrgyzstan, Taji
kistan, Turkmenistan and Uzbekistan – is at the forefront of 
climate change’s impacts, with escalating water scarcity posing 
a severe threat to local populations (Shaw et al., 2022). The 
region’s diverse climate, shaped by a wide altitude range, 
including high mountains, steppes, and deserts, makes it one 
of the world’s largest arid and semi-arid regions with signifi
cant climatic variations among countries. Central Asia has 
experienced a considerable temperature increase in recent dec
ades, along with more frequent temperature extremes. This 
rise in temperature, coupled with increased evapotranspira
tion, has led to the loss of glacier mass and more frequent 
drought conditions in some regions (Guo et al., 2018; Li 
et al., 2017). While some rivers fed by melting glaciers may 
temporarily experience increased runoff, the overall trend is 

towards diminished river discharge, which significantly 
impacts the availability of water resources for agriculture 
(Didovets et al., 2021). Central Asian farmers face substantial 
water scarcity due to increasing water demand driven by 
urbanization, population growth, development of economic 
sectors, and the inherent inefficiency in irrigated agriculture 
(Figure 1), all compounded by the effects of climate change 
(Dukhovny & Ziganshina, 2011; Shaw et al., 2022; Tischbein 
et al., 2013). While climate projections for Central Asia remain 
limited and uncertain, climate change is expected to decrease 
water supply and increase supply volatility, especially threaten
ing water availability during summer months in unregulated 
catchments (Fallah et al., 2024; Jiang et al., 2020; Kayumov 
& Razzaq, 2024a; Reyer et al., 2017; Shaw et al., 2022). Amidst 
escalating water scarcity in Central Asia, climate change has 
the potential to exacerbate transboundary water disputes, 
threatening food security and potentially causing 
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displacement, particularly in rural Kyrgyzstan, Tajikistan, and 
Uzbekistan, where economic challenges are already straining 
rural livelihoods (Lukyanets et al., 2020; Sidle et al., 2023). In 
addition, constructing the Qosh Tepa Canal in arid northern 
Afghanistan raises new concerns about the risk of regional 
water tensions in Central Asia (Duffy, 2023).

Climate change-induced water scarcity compounds ineffi
cient water management practices, further contributing to 
land degradation, with at least 20% of the total land area in 
Central Asia already degraded (UNCCD, 2024). Reduced 
access to water and land degradation have exacerbated ecologi
cal degradation, reducing crop yields, contributing to poverty 
and disrupting rural livelihoods. As a result, internal and 
cross-border movements have become increasingly common, 
with people seeking to escape these harsh environmental con
ditions (Mirzabaev et al., 2016; Qadir et al., 2009). Particularly 
striking is the plight of the Aral Sea drylands in Uzbekistan and 
Kazakhstan, which has faced severe water scarcity, soil erosion, 
salinization, and land abandonment (Bauer, 2021; Löw et al., 
2018). Since 2000, more than 500,000 people have left Karakal
pakstan, consistently ranking the region among the top five 
Uzbek regions in terms of departures (UzStat, 2023). Accord
ing to the World Bank’s Groundswell Report, climate change 
could drive up to 2.4 million internal migrants within Central 
Asia by 2050 (Clement et al., 2021). However, the complex 
nature of climate-induced mobility – including short-term dis
placement, long-distance migration, rural-urban mobility, and 
circular mobility – combined with the difficulties of predicting 
these processes, requires a cautious interpretation of such 
figures (Boas et al., 2019; Schewel et al., 2024). In this dynamic 
context, it is crucial to recognize that Central Asia’s population 

is highly mobile, with urban areas and neighbouring countries 
serving as important destinations for those searching for better 
prospects. Today, migration is a defining factor for Central 
Asia, with the region’s ratio of remittance inflow from inter
national migrants as a share of GDP in Tajikistan, Kyrgyzstan, 
and Uzbekistan being among the world’s highest (World Bank, 
2024).

Given the urgent challenges posed by climate change and 
water scarcity in Central Asia, numerous international and 
multilateral organizations have been at the forefront of assist
ing Central Asian governments with climate change adap
tation through awareness raising, capacity building, 
implementing interventions, and financing, including the 
Asian Development Bank (ADB), the European Bank for 
Reconstruction and Development (EBRD), the World Bank, 
the United Nations Development Programme (UNDP), the 
International Organization for Migration (IOM) and the Uni
ted Nations Educational, Scientific and Cultural Organization 
(UNESCO). However, there is a notable lack of climate change 
science, particularly in addressing the societal consequences, 
including impacts on rural livelihoods, food security, poverty, 
conflict, migration and displacement, along with a dearth of 
attention on adaptation needs, options, and limits (Shaw 
et al., 2022; Vakulchuk et al., 2022). Despite a growing number 
of scientific publications on climate change impacts in Central 
Asia, the attention remains notably low compared to other 
world regions. Most of these publications are produced by 
international research groups, with limited representation 
from local research teams and a significant lack of contri
butions from the social sciences (Mirzabaev, 2023). Moreover, 
existing research is often done within isolated academic 

Figure 1. Water scarcity in Central Asia, based on Aqueduct 4.0 Water Stress data, showing the ratio of total water demand to available renewable water resources at 
the provincial level (adapted from Kuzma et al., 2023).
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disciplines, limiting robust empirical evidence on the linkages 
between climate change, water scarcity, and mobility. This 
leaves critical knowledge gaps and hinders the identification 
of effective policy options.

Here, we highlight the importance of advancing policy-rel
evant interdisciplinary research on climate change impacts in 
Central Asia. We identify specific knowledge gaps in the inter
connected areas of climate change adaptation, water scarcity, 
and human mobilities. We propose future research directions 
to fill these gaps and effectively address the region’s challenges. 
By leveraging insights from environmental and social sciences, 
we expand the climate change research agenda for Central Asia 
to include the dimensions of adaptation and mobility expli
citly. We specifically focus on smallholders due to the notable 
gap in research on their adaptation strategies in Central Asia.

2. Research gaps and future research directions

2.1. Smallholder adaptation to climate change

Rural populations in Central Asia range from 42% of the total 
population in Kazakhstan to 72% in Tajikistan, and these high 
percentages are closely tied to significant employment in agri
culture (World Bank, 2024). Smallholder farmers, who consti
tute the majority of agricultural producers in the region, are 
primarily dependent on climate-sensitive livelihoods and dis
proportionately affected by the adverse impacts of climate 
change (Lambrecht et al., 2023; Lerman & Sedik, 2018). While 
other types of farmers, for instance, large-scale commercial 
farmers, might find it relatively easier to adapt, this is not the 
case for smallholder farmers. Several agricultural technologies 
have been tested and adopted to improve resilience in agricul
tural production, such as drip irrigation and laser-guided land 
levelling (Christmann et al., 2009). However, these technologies, 
primarily developed for commercial farmers, necessitate new 
equipment, a specific skill set, and access to capital, making 
them hardly applied by smallholder farmers (Lambrecht et al., 
2023). Consequently, there is a need for increased investment 
in research to develop technologies and practices tailored for 
smallholders, considering aspects like planting structure, crop 
rotation system, and water management.

Government policies are crucial in shaping the adaptive 
strategies of Central Asian smallholder farmers, especially in 
water-scarce regions. Central Asian governments have 
shown strong political will to address climate change by inte
grating adaptation strategies into national laws and policies 
and establishing financial frameworks for adaptation domesti
cally and with international support (Liu et al., 2020). The 
availability and management of water resources are primarily 
controlled by local governments through water distribution 
infrastructure and monitoring stations. However, the accessi
bility of the respective data is subject to government openness 
policies, which can affect farmers’ ability to respond to climate 
stressors (Cassara et al., 2020). Furthermore, adopting adaptive 
strategies, such as water-saving irrigation equipment or culti
vating drought-resistant crops, is often incentivized through 
government programmes that offer rewards or subsidies. 
This significantly impacts the extent to which smallholders 
invest in and implement climate-smart technologies.

While integrated water management presents a viable 
response strategy for the region, the limited profitability of 
smallholder enterprises complicates its implementation. This 
implies additional financial resources to sustain and update 
outdated irrigation systems from Soviet times, costs that 
low-profit smallholder farmers often cannot cover themselves 
(Barrett et al., 2017). Climate-driven water shortages are thus 
expected to increasingly affect the region’s rural livelihoods, 
particularly in areas where smallholders depend on irrigated 
agriculture for income and food security (Karthe et al., 2015; 
Lioubimtseva & Henebry, 2009). As much as adopting cli
mate-smart adaptation technologies cushions smallholder 
farmers and potentially increases profitability (Tadjiev et al., 
2023), the economic and institutional barriers discussed herein 
extensively hinder smallholder’s investment in these technol
ogies and their meaningful uptake (Kurbanov et al., 2022; Mir
zabaev, 2018). A comprehensive understanding of their unique 
dynamics, vulnerabilities, and adaptation capacities is impera
tive to support Central Asia’s smallholder farmers in adapting 
to climate change. Studies highlight the varied effects and 
adaptation possibilities within the region’s diverse smallholder 
farming systems (Bobojonov & Aw-Hassan, 2014; Karthe et al., 
2015). However, empirical evidence concerning socioeco
nomic, cultural, behavioural and psychological determinants 
impacting farmers’ vulnerability and adaptation to climate 
change in the region remains notably scarce. This also includes 
gendered aspects of climate change, water scarcity, and adap
tation capacities (Kovaleva et al., 2023; Vakulchuk et al., 2022). 
This is especially critical given that women – along with dis
abled individuals, the elderly, and children – are particularly 
vulnerable to the impacts of climate change and weather 
shocks (Freudenreich et al., 2022; Standal et al., 2023). The 
increased engagement of women in agricultural activities due 
to male migration, such as in the Fergana Valley (Stulina, 
2015), accentuates their vulnerability. At the same time, the 
feminization of farming can empower women by elevating 
their roles as primary decision-makers and providing earning 
possibilities (Mukhamedova & Wegerich, 2018). Women, par
ticularly those in female-headed households with access to 
resources, can experience empowerment, reducing vulner
ability to climate change and potentially catalyzing rural trans
formations (Najjar et al., 2022; Otrachshenko et al., 2024).

Additionally, there is a lack of acknowledgement of the role 
of traditional knowledge in adaptation strategies and an 
unclear understanding of climate-related losses (Aleksandrova 
et al., 2014). This includes how smallholders perceive climate 
change and how their perceptions relate to their adaptation 
strategies. Investigating these factors would be essential for 
designing socially viable interventions for smallholders. 
Further research is recommended to explore perceptions of cli
mate change, including the local understanding of climate 
change (Reyes-García et al., 2024) and the role of indigenous 
and local knowledge and practices in shaping and enhancing 
climate adaptation strategies.

2.2. Climate change and mobility

Global research on climate change adaptation and mobility is 
advancing. However, Central Asia lacks empirical evidence on 
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how climate change and water scarcity affect human mobili
ties, highlighting an urgent need for comprehensive research 
(Blondin, 2019; Hermans, 2024). Understanding the diversity 
of climate mobilities in Central Asia, including leaving, return
ing, and staying put, is exceptionally challenging due to the 
varied livelihoods, including mountain farming, pastoralism, 
and irrigation farming. The varying exposures, vulnerabilities, 
and adaptive practices across these livelihoods complicate 
identifying causal links between climate and mobility and 
necessitate contextualized approaches.

Additionally, the political economy of national and agricul
tural development necessitates recognizing the government’s 
critical role in rural development, water management and land 
tenure, potentially impacting domestic intraregional and extra- 
regional mobilities (Spoor, 2018). State decisions in maintaining 
and operating irrigation schemes in Uzbekistan and Turkmeni
stan substantially impact livelihoods and potential mobility 
decisions, while this is less pronounced in other countries. More
over, in mountainous regions in Kyrgyzstan and Tajikistan, 
where remittances often form a vital part of rural household 
incomes (Babagaliyeva et al., 2017; Jeenbaeva & Banerjee, 
2022), their influence on smaller-scale agriculture is likely 
more significant than in areas with large-scale irrigation farming. 
These complex settings make it inadequate to adopt generic per
spectives, necessitating a contextualized understanding of the 
roles of climate and water scarcity for mobility and the reciprocal 
influence of mobility on vulnerabilities and adaptation.

While the focus on climate-related migration and displace
ment is increasing, the significance of immobility in response 
to climate change remains understated. Most individuals, even 
in high-risk areas, may choose or be compelled to stay in situ, 
as observed in the Aral Sea region, where extreme poverty acts 
as a barrier to migration (Aerzte Ohne Grenzen, 2003). The 
concept of ‘involuntary immobility’ and the related notion of 
‘trapped populations’ are gaining recognition mainly because 
they emphasize the vulnerabilities of those concerned (Zick
graf, 2018). Moreover, more attention is needed in climate 
mobility studies to address the idea of voluntary immobility, 
including how certain mobility patterns can enable immobility 
(‘leave in order not to leave’; Blondin, 2021). Factors such as 
place attachment and identity, spirituality, and social bonding 
may influence people’s decisions to stay despite climate risks, 
emphasizing the need for a comprehensive understanding of 
immobility in the region.

To explore how different groups navigate the challenges of 
climate change, it is crucial to recognize that the ability and 
desire to migrate are shaped by many intersecting social fac
tors, including gender, age, ethnicity, formal education, social 
networks, and marital status (Thompson-Hall et al., 2016). Yet, 
none of these aspects have thus far received adequate attention 
in research on the linkages between climate change, water scar
city, and migration in Central Asia. Therefore, allocating 
increased attention and resources to research on intersectional 
aspects, including the dimensions of empowerment, such as 
decision-making power, resource control, and mobility, is 
paramount for developing effective interventions that address 
the diverse experiences and vulnerabilities within the region.

By incorporating mobility into National Adaptation Plan
ning, a framework can be provided to avert, minimize and 

address displacement systematically and to support migration 
as adaptation (Mombauer et al., 2023; Scissa & Martin, 2024). 
This enables prioritizing the needs of affected communities 
and balancing the consideration of migrants’ agency and 
their vital role in autonomous adaptation, as well as the need 
to sustain the state’s key role in planned adaptation. It is 
important to explicitly consider the adaptation requirements 
of the most vulnerable groups, particularly women, the elderly, 
people with disabilities, and marginalized groups. Main
streaming mobility into climate adaptation policies requires 
a deep understanding of the climate change impacts on rural 
livelihoods and different types of mobilities, including displa
cement, relocation, labour migration, (in)voluntary immo
bility, and pastoralism.

Furthermore, research should expand its focus beyond see
ing climate change as the sole environmental driver of mobili
ties, acknowledging the intricate linkages between climate 
change and land degradation (Hermans & McLeman, 2021). 
Land degradation in Central Asia, exemplified by severe soil 
salinization in the irrigated areas of Kazakhstan, Uzbekistan 
and Turkmenistan, progressively weakens livelihood systems, 
rendering them more susceptible to climate shocks like 
droughts. This vulnerability may place affected populations 
in precarious situations, including displacement and involun
tary immobility. Recognizing that land degradation can 
increase vulnerability to gradual climatic changes, including 
longer-term shifts in precipitation patterns, is essential in 
understanding mobility decisions (Hermans et al., 2023).

2.3. Water scarcity, tensions and cooperation in 
managing shared water resources

Tensions and conflicts over water resources in Central Asia 
manifest at multiple levels: between countries, among compet
ing sectors of the economy, and within local communities. 
Each of these levels is characterized by dynamism and inter
connectivity. Historically, the expansion of irrigation canals 
and resettlement efforts during the Soviet era mixed local 
populations with non-natives, contributing to tensions over 
the fertile land (Peterson, 2019). Large-scale irrigation infra
structure inherited from Soviet times and water management 
norms, rules, and agreements linking upstream and down
stream riparian states have further fuelled conflicts (Pak 
et al., 2014). During the independence period, the dispute 
regarding establishing new hydroelectric stations on the 
Amu Darya and Syr Darya rivers mirrors the cross-country 
rivalry between agricultural and energy sectors for regional 
water resources. In 2022, this culminated in an accord for col
laborative development of water and energy infrastructure, 
demonstrating the dynamic shift from competition to 
cooperation.

Furthermore, new developments on the water-energy-cli
mate nexus in Central Asia necessitate an expanded research 
agenda. For instance, Kazakhstan’s shift towards hydrogen 
production and potential nuclear power plant construction 
for meeting energy demands poses challenges in securing 
sufficient water resources amidst competing needs (Rivotti 
et al., 2019; Tleubergenova et al., 2023). Additionally, advance
ments in agricultural water efficiency, such as farming pumps 
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and drip irrigation, are tied to electricity supply. Applying 
solar or wind power to address these electricity requirements 
in agriculture presents opportunities for climate mitigation, 
which requires significant financial investments as well as 
robust legal and regulatory frameworks, with substantial 
differences between individual countries in terms of technol
ogies, policies and investments (Kayumov & Razzaq, 2024b; 
Laldjebaev et al., 2021). Together, new opportunities and chal
lenges are emerging within the traditional water-energy nexus, 
compounded by uncertainties and impacts of climate change. 
This necessitates additional research, including studies on 
regional cooperation for energy trade among countries. Scho
lars have documented historical violent conflicts among 
diverse communities in Central Asia, exemplified by tensions 
between Tajik- and Uzbek-speaking agriculturalists and Kyr
gyz agro-pastoralists in the Fergana Valley since the late 
1980s (Arynova & Schmeier, 2021; Bichsel, 2013; Olimova & 
Olimov, 2022; Reeves, 2011). These conflicts arise along the 
lines of access to scarce land and water resources, specifically 
in borderland areas (Pérez-Martín, 2017; Reeves, 2014). 
While most Central Asian water conflict studies typically 
focus on transboundary water conflicts among riparian states, 
limited research exists on domestic water disputes in the 
region (Sehring, 2020; Peña-Ramos et al., 2021). Future 
research should specifically investigate the significant socio- 
economic, cultural, institutional, and political predictors of 
smallholder disputes over water resources. In addition, it is 
recommended to deepen the understanding and assessment 
of new forms of smallholders’ informal cooperation around 
water management, as well as the role of third parties in 
escaping and resolving local disputes over water resources. 
Climate change exacerbates water scarcity in the region along
side factors such as population growth, limited institutional 
capacities, disagreements over water allocation, and the 
techno-centric approaches of riparian countries aiming to 
secure national water interests, particularly through hydro
power development in upstream nations and agricultural 
expansion in downstream regions (Assubayeva et al., 2022; 
Xenarios et al., 2020). While historical water disputes often 
were traditionally addressed locally, severe droughts in 
2000-2001, 2008, and 2021 have elevated water scarcity to 
national and regional levels, intensifying pressure on trans
boundary rivers and potentially impacting social stability 
and regional security (Jiang & Zhou, 2023). Despite the recog
nition of various factors contributing to water scarcity, there 
remains a notable gap in understanding the interplay between 
climate change-induced droughts, socio-political stability, and 
regional security dynamics, particularly regarding the poten
tial for collaborative strategies to mitigate water-related confl
icts and ensure sustainable water management across riparian 
countries in Central Asia.

3. Addressing the key limiting factors

To guide future research across the presented priorities and 
develop knowledge infrastructure in Central Asia, significant 
investment in inter- and transdisciplinary climate impact 
research is essential. In turn, advancements in climate impact 
research in Central Asia necessitate addressing the limiting 

factors throughout the entire research-making chain, as out
lined in the following.

Scarce climate observation networks and poor quality of 
existing standards in Central Asia impede adequate climate 
monitoring and climate-related studies in the region, thereby 
limiting the advancement of climate and hydrological model
ling for predicting the impacts of climate change on water 
resources and comprehensively understanding risk occur
rences (Xenarios et al., 2019). Navigating socio-economic 
data adds complexity to the situation. To effectively monitor 
the effects of climate change on communities and their adap
tation strategies, including migration, necessitates access to 
high-quality longitudinal household data, capturing socio- 
economic changes with a high degree of spatio-temporal detail 
(Carletto et al., 2023; Enenkel et al., 2020). Despite this impera
tive, systematic and multi-year household surveys, which offer 
valuable insights into societal transformations, such as the Life 
in Kyrgyzstan Study, Kyrgyzstan Integrated Household Sur
vey, and the World Bank’s Listening to Central Asia surveys 
provide limited information on environmental aspects and 
remain scarce across the region, relying almost solely on inter
national support. Existing databases and knowledge platforms, 
for instance, for water management (Abdullaev & Rakhmatul
laev, 2014) or climate change research (e.g. https://ca-climate. 
org/eng/cacip.php), need to be explored, validated, and 
updated. Another major constraint for transdisciplinary cli
mate research and action is the limited openness in data shar
ing (Ziganshina & de Schutter, 2022). Combined with 
discrepancies in data definitions and measurements across 
different institutions and countries, this significantly hampers 
inter- and transdisciplinary climate research and action in 
Central Asia. To effectively address these challenges, it is rec
ommended to establish a regional coordinating body tasked 
with tracking and monitoring key indicators related to climate 
change, mobility, water use, and extreme events. Additionally, 
to improve data collection, accessibility, applicability, and 
comparability, significant investments should be made in 
data infrastructures, including the development of regional 
repositories using advanced technologies and promoting the 
use of these tools across disciplines, adhering to open science 
principles throughout the region.

The outlined research priorities call for mixed-method 
approaches that link quantitative with qualitative data and 
methods. Enhancements in monitoring and forecasting 
hydrological processes, specifically droughts and floods, are 
needed to improve the responsiveness of water allocation sys
tems. This involves exploring the potential of early warning 
systems and strategies for data and information sharing. For 
practical recommendations, however, knowledge of existing 
demographic and socio-economic framework conditions for 
the necessary changes in human-environment interaction 
and potential impacts of decisions is essential. This is also 
true for applying remote sensing technologies that hold 
promise for refining water allocation systems, supporting the 
forecast of droughts, improving land management and moni
toring settlement dynamics, thereby underscoring the need for 
an interdisciplinary approach to navigate the intricacies of cli
mate change and water resource management. Global reanaly
sis and satellite-based climate products are increasingly 
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accurate and have emerged as helpful alternatives when in-situ 
data on climate or land conditions is unavailable due to 
resource constraints or other geographical or security-related 
challenges for data collection (Peña-Guerrero et al., 2022; 
Zandler et al., 2020).

The sustainability of inter- and transdisciplinary climate 
impact research in Central Asia is undermined by fragile 
local research and governance capacities. Over the past two 
decades, investment in research has steadily declined despite 
governments’ intentions to increase research intensity (Sulei
menov, 2021). This constrained the development of in-house 
research capacities and led to low attractiveness of the field 
and gender and age disparities among research staff. The 
region lacks robust and long-term strategies to enhance 
research capacity, involving sustained investments in research 
skills and facilities, as well as linking the research outputs into 
evidence-based policy making (Chankseliani et al., 2022). Con
sequently, there is an urgent need to augment financial sup
port, especially for social science research on climate 
change impacts. This includes establishing and fostering 
international and interdisciplinary scientific collaborations, 
such as the initiative ‘Green Central Asia’, launched by the 
German Federal Foreign Office in 2020. It facilitates knowl
edge exchange and amplifies representation for local research
ers and civil society voices in climate change, environmental 
justice, and conflict research, contributing to climate adap
tation and security within policymaking spheres. Besides, 
many international and multilateral organizations have been 
leading efforts to assist Central Asian governments in adapting 
to climate change, primarily through capacity building, policy 
advice and financing. In cooperation with national govern
ments, international funding organizations can take a leading 
role in boosting financial support for climate change research 
and establishing sustainable models for long-term investment 
in climate impact science to strengthen local research 
capacities.

Promoting research collaboration within and across the 
region will enhance knowledge and data sharing and drive 
innovations in climate adaptation. Fostering international 
and interdisciplinary partnerships can be achieved through 
conferences, panels, workshops, and special issues, targeting 
Central Asian researchers and involving Central Asian studies 
societies like the European Society for Central Asian Studies 
(ESCAS) and the Central Eurasian Studies Society (CESS). 
There is a significant need to build human and technical 
capacities in Central Asia, particularly through interdisciplin
ary research and education in climate change and adaptation. 
Essential qualifications measures include developing and 
expanding comprehensive Bachelor’s and Master’s pro
grammes and establishing research groups for early-career 
researchers, which can foster interdisciplinary climate impact 
research in Central Asia with a strong link into practice and 
policy-making. To address the underrepresentation of Central 
Asian research in global discussions and to support high-level 
international research, teaching, and exchange, it is essential to 
enhance the visibility and accessibility of local research, par
ticularly through English-language publications. This involves 
leveraging regional capacities by promoting bilingual journals, 
such as the Central Asian Journal of Water Research. To 

facilitate the integration of local academics into global research 
networks, tailor-made mobility programmes for students, doc
toral candidates, postdocs, and established academics are 
essential. This includes promoting and expanding individual 
support programmes and joint study opportunities and degree 
programmes, taking into account existing funding schemes, 
such as the Aga Khan Foundation International Scholarship 
Program, the European Union’s Erasmus Mundus pro
gramme, the German Academic Exchange Service, and the 
US Fulbright Program. Additionally, international or national 
research labs, joint chairs, dedicated centres, and networks are 
essential to cultivate inter- and transdisciplinary collaborations 
in research, education, and capacity building in the fields of 
research outlined above.

Acknowledgements
All authors gratefully acknowledge funding received from the German 
Academic Exchange Service (DAAD) under the CAWAMNET project.

Disclosure statement
No potential conflict of interest was reported by the author(s).

Funding
This work was supported by Deutscher Akademischer Austauschdienst: 
[Grant Number: 57663154].

Notes on contributors
Kathleen Hermans is a senior researcher at the Leibniz Institute of Agri
cultural Development in Transition Economies (IAMO) in Halle (Saale), 
Germany. A geographer by training, she explores the interactions between 
climate change, land use and human migration, employing both qualitat
ive and quantitative methods.

Nodir Djanibekov is a senior researcher in agricultural policy at the Leib
niz Institute of Agricultural Development in Transition Economies 
(IAMO) in Halle (Saale), Germany. His research explores the interplay 
of agricultural transformations, institutional dynamics and behavioural 
factors in shaping land and water management across post-Soviet Central 
Asia.

Iskandar Abdullaev is a IWMI Pakistan country representative. His 
research interests are water governance, agricultural water use and Cen
tral and South Asia water institutions.

Nilufar Abduvalieva is a research assistant at Westminster International 
University (WIUT) in Tashkent, Uzbekistan, with a background in Econ
omics and Finance interested in sustainable development, exploring the 
intersection of environmental challenges, agricultural resilience and social 
dynamics. Nilufar has a deep passion for finance and its relationship with 
broader economic systems.

Aliya Assubayeva is a research associate at the Centre for International 
Development and Environmental Research (ZEU), Justus Liebig Univer
sity Giessen, Germany. Her research interests encompass water security, 
transboundary cooperation, water governance and SDG interlinkages, 
focusing on Central Asia, South America and East Africa.

Suzy Blondin is a researcher at the Institute of Geography, University of 
Neuchâtel, in Switzerland.

Ihtiyor Bobojonov is a senior researcher at the Leibniz Institute of Agri
cultural Development in Transition Economies (IAMO), in Halle 
(Saale), Germany, focusing on agricultural economics, rural development 
and resource management in Central Asia.

CLIMATE AND DEVELOPMENT 643



Christopher Conrad is a professor of geoecology at Martin Luther Univer
sity Halle-Wittenberg, Germany. He is specialized in geospatial analysis 
and sustainable land and water management, with a focus on the arid 
regions in Central Asia.

Thomas Herzfeld is a professor of policies and institutions in agriculture 
and now working at the Leibniz Institute of Agricultural Development in 
Transition Economies (IAMO) in Halle (Saale), Germany. His research 
interests are monitoring and evaluating agricultural policies, applied insti
tutional economics in agriculture and analysis of rural household 
behaviour.

Johnson Kansiime is a doctoral researcher at the Leibniz Institute of Agri
cultural Development in Transition Economies (IAMO), in Halle (Saale), 
Germany. His research interests include migration and rural depopula
tion, rural livelihoods, rural development policies, multidimensional 
well-being, food security and food systems sustainability as well as small
holder climate change adaptation and mitigation strategies.

Barchynai Kimsanova is a research associate at the Leibniz Institute of Agri
cultural Development in Transition Economies (IAMO), in Halle (Saale), 
Germany. Her work focuses on applied economics, including trade models, 
microeconometric analysis of food systems, climate change impacts, house
hold welfare, agricultural policy, commercialization and migration.

Murodbek Laldjebaev is an associate professor at the Graduate School of 
Public Policy, Nazarbayev University, Kazakhstan. His teaching and 
research include sustainable energy, natural resource management, 
environmental governance and indigenous knowledge. He holds a PhD 
in Natural Resources from Cornell University (USA) and a Master’s in 
Public Policy from the Lee Kuan Yew School of Public Policy, National 
University of Singapore (Singapore).

Bakhrom Mirkasimov is an associate professor of economics and deputy 
Rector of research and innovation at Westminster International Univer
sity in Tashkent (WIUT), Uzbekistan. His research interests are in econ
omic development issues in Central Asia and beyond.

Alisher Mirzabaev is a senior scientist in policy analysis/climate change at 
the International Rice Research Institute (IRRI). He has authored more 
than 100 scientific publications on climate change impacts and adap
tation, the economics of land degradation and ecosystem restoration 
and the water-energy-food security nexus.

Asel Murzakulova is a senior researcher fellow at the Mountain Society 
Research Institute at the University of Central Asia, Kyrgyzstan. She 
has conducted extensive research in various fields, including migration, 
border (in)security, environmental change and adaptation. Her diverse 
research interests encompass Central Asian development, rural and agrar
ian change and natural resource management.

Svetlana Rajabova is a research assistant at Westminster International 
University (WIUT) in Tashkent, Uzbekistan, with a background in devel
opment economics, behavioural economics and agriculture.

Aibek Samakov, PhD, is a researcher at the Aigine Cultural Research Cen
ter in Bishkek, Kyrgyzstan. His research focuses on traditional ecological 
knowledge (TEK) and bridging scholarly knowledge and TEK.

Benjamin Schraven is a migration expert, consultant and research fellow 
at the German Institute of Development and Sustainability (IDOS), 
Germany. His work focuses on human mobility in the context of climate 
change, migration policy and governance and the interlinkages between 
migration and development.

Harald Sterly is a senior scientist in the Department of Geography and 
Regional Research at the University of Vienna, Austria. He conducts 
mixed-methods research on the nexus of human mobility and environ
mental change in Asia, Africa and Europe. He is especially interested in 
migration and translocal livelihoods and their role in climate-resilient 
development.

Atabek Umirbekov is a postdoctoral researcher at the Leibniz Institute of 
Agricultural Development in Transition Economies (IAMO), in Halle 
(Saale), Germany. He is a land use scientist and GIS expert, focusing on 
spatial analysis, sustainable land management and the impacts of climate 
change on Central Asia.

ORCID
Kathleen Hermans http://orcid.org/0000-0002-8475-9019
Nodir Djanibekov http://orcid.org/0000-0002-8249-4926
Nilufar Abduvalieva http://orcid.org/0009-0005-7829-5552
Aliya Assubayeva http://orcid.org/0000-0001-9748-298X
Suzy Blondin http://orcid.org/0000-0002-9121-0315
Ihtiyor Bobojonov http://orcid.org/0000-0003-2166-6234
Christopher Conrad http://orcid.org/0000-0002-0807-7059
Thomas Herzfeld http://orcid.org/0000-0001-8331-5750
Johnson Kansiime http://orcid.org/0000-0002-2556-6452
Barchynai Kimsanova http://orcid.org/0000-0002-5544-3170
Murodbek Laldjebaev http://orcid.org/0000-0002-4106-7039
Bakhrom Mirkasimov http://orcid.org/0000-0001-8444-7202
Alisher Mirzabaev http://orcid.org/0000-0002-5223-7160
Asel Murzakulova http://orcid.org/0000-0001-5819-2285
Svetlana Rajabova http://orcid.org/0009-0003-6051-1099
Harald Sterly http://orcid.org/0000-0001-8819-1638
Atabek Umirbekov http://orcid.org/0000-0001-5567-2574

References
Abdullaev, I., & Rakhmatullaev, S. (2014). Data management for inte

grated water resources management in Central Asia. Journal of 
Hydroinformatics, 16(6), 1425–1440. https://doi.org/10.2166/hydro. 
2014.097

Aerzte Ohne Grenzen. (2003). Karakalpakstan: A Population in Danger. 
The impact of the Aral Sea disaster and a worsening economic climate 
on the health and well-being of the people of Karakalpakstan.

Aleksandrova, M., Lamers, J. P. A., Martius, C., & Tischbein, B. (2014). 
Rural vulnerability to environmental change in the irrigated lowlands 
of Central Asia and options for policy-makers: A review. 
Environmental Science & Policy, 41, 77–88. https://doi.org/10.1016/j. 
envsci.2014.03.001

Arynova, A., & Schmeier, S. (2021). Conflicts over water and water infra
structure at the Tajik-Kyrgyz border. A looming threat for Central 
Asia? Water, Peace, and Security Report. https://waterpeacesecurity. 
org/files/68

Assubayeva, A., Xenarios, S., Li, A., & Fazli, S. (2022). Assessing water 
security in Central Asia through a Delphi method and a clustering 
analysis. Frontiers in Environmental Science, 10, 970633. https://doi. 
org/10.3389/fenvs.2022.970633

Babagaliyeva, Z., Kayumov, A., Mahmadullozoda, N., & Mustaeva, N. 
(2017). Migration, remittances and climate resilience in Tajikistan.

Barrett, T., Feola, G., Khusnitdinova, M., & Krylova, V. (2017). Adapting 
agricultural water use to climate change in a post-Soviet context: 
Challenges and opportunities in Southeast Kazakhstan. Human 
Ecology, 45(6), 747–762. https://doi.org/10.1007/s10745-017-9947-9

Bauer, C. (2021). Spatio-temporal patterns of farmland abandonment in 
the irrigated lowlands of Amu Darya and Syr Darya - a retrospective 
analysis between 1987 and 2017 using remote sensing and geospatial 
data. PhD dissertation, Martin-Luther-Universität Halle-Wittenberg. 
Available at: https://opendata.uni-halle.de/handle/1981185920/85005? 
locale=en

Bichsel, C. (2013). Dangerous divisions: Peace-building in the border
lands of Post-Soviet Central Asia. In B. Korf, & T. Raeymaekers 
(Eds.), Violence on the margins. Palgrave series in African borderlands 
studies (pp. 145–165). Palgrave Macmillan.

Blondin, S. (2019). Environmental migrations in Central Asia: A multifa
ceted approach to the issue. Central Asian Survey, 38(2), 275–292. 
https://doi.org/10.1080/02634937.2018.1519778

Blondin, S. (2021). Staying despite disaster risks: Place attachment, volun
tary immobility and adaptation in Tajikistan’s Pamir Mountains. 
Geoforum; Journal of Physical, Human, and Regional Geosciences, 
126, 290–301.

Boas, I., Farbotko, C., Adams, H., Sterly, H., Bush, S., Van der Geest, K., 
Wiegel, H., Ashraf, H., Baldwin, A., Bettini, G., & Blondin, S. (2019). 
Climate migration myths. Nature Climate Change, 9(12), 901–903. 
https://doi.org/10.1038/s41558-019-0633-3

644 K. HERMANS ET AL.

http://orcid.org/0000-0002-8475-9019
http://orcid.org/0000-0002-8249-4926
http://orcid.org/0009-0005-7829-5552
http://orcid.org/0000-0001-9748-298X
http://orcid.org/0000-0002-9121-0315
http://orcid.org/0000-0003-2166-6234
http://orcid.org/0000-0002-0807-7059
http://orcid.org/0000-0001-8331-5750
http://orcid.org/0000-0002-2556-6452
http://orcid.org/0000-0002-5544-3170
http://orcid.org/0000-0002-4106-7039
http://orcid.org/0000-0001-8444-7202
http://orcid.org/0000-0002-5223-7160
http://orcid.org/0000-0001-5819-2285
http://orcid.org/0009-0003-6051-1099
http://orcid.org/0000-0001-8819-1638
http://orcid.org/0000-0001-5567-2574
https://doi.org/10.2166/hydro.2014.097
https://doi.org/10.2166/hydro.2014.097
https://doi.org/10.1016/j.envsci.2014.03.001
https://doi.org/10.1016/j.envsci.2014.03.001
https://waterpeacesecurity.org/files/68
https://waterpeacesecurity.org/files/68
https://doi.org/10.3389/fenvs.2022.970633
https://doi.org/10.3389/fenvs.2022.970633
https://doi.org/10.1007/s10745-017-9947-9
https://opendata.uni-halle.de/handle/1981185920/85005?locale=en
https://opendata.uni-halle.de/handle/1981185920/85005?locale=en
https://doi.org/10.1080/02634937.2018.1519778
https://doi.org/10.1038/s41558-019-0633-3


Bobojonov, I., & Aw-Hassan, A. (2014). Impacts of climate change on 
farm income security in Central Asia: An integrated modeling 
approach. Agriculture, Ecosystems & Environment, 188, 245–255. 
https://doi.org/10.1016/j.agee.2014.02.033

Carletto, C., Letta, M., Montalbano, P., Paolantonio, A., & Zezza, A. (2023). 
Too rare to dare?: Leveraging household surveys to boost research on cli
mate migration. In Policy Research Working Paper 10613 (pp. 1–35). The 
World Bank. https://doi.org/10.1596/1813-9450-10613

Cassara, M., Beekma, J., de Strasser, L., Anarbekov, O., Murzaeva, M., 
Giska, S., & Dörre, A. (2020). Local and national institutions and pol
icies governing water resources management. In S. Xenarios, D. 
Schmidt-Vogt, M. Qadir, B. Janusz-Pawletta, & I. Abdullaev (Eds.), 
The Aral Sea Basin: Water for sustainable development in Central 
Asia (pp. 136–154). Routledge.

Chankseliani, M., Fedyukin, I., & Frumin, I. (2022). Building research 
capacity at universities: Insights from post-soviet countries. Springer 
international publishing.

Christmann, S., Martius, C., Bedoshvili, D., Bobojonov, I., Carli, C., 
Devkota, K., Ibragimov, Z., Khalikulov, Z., Kienzler, K. M., 
Manthrithilake, H., Mavlyanova, R., Mirzabaev, A., Nishanov, N., 
Sharma, R., Tashpulatova, B., Toderich, K., & Turdieva, M. (2009). 
Food Security and Climate Change in Central Asia and the 
Caucasus. ICARDA, CGIAR-PFU, Tashkent.

Clement, V., Rigaud, K. K., de Sherbinin, A., Jones, B., Adamo, S., Schewe, 
J., Sadiq, N., & Shabahat, E. (2021). Groundswell Part 2: Acting on 
internal climate migration. World Bank.

Didovets, I., Lobanova, A., Krysanova, V., Menz, C., Babagalieva, Z., 
Nurbatsina, A., Gavrilenko, N., Khamidov, V., Umirbekov, A., 
Qodirov, S., & Muhyyewh, D. (2021). Central Asian rivers under cli
mate change: Impacts assessment in eight representative catchments. 
Journal of Hydrology: Regional Studies, 34, 100779. https://doi.org/10. 
1016/j.ejrh.2021.100779

Duffy, S. (2023). What Afghanistan’s Qosh Tepa Canal means for Central 
Asia. The Diplomat, April 19. Available at https://thediplomat.com/ 
2023/04/what-afghanistans-qosh-tepa-canal-means-for-central-asia/

Dukhovny, V., & Ziganshina, D. (2011). Ways to improve water govern
ance. Irrigation and Drainage, 60(5), 569–578. https://doi.org/10.1002/ 
ird.604

Enenkel, M., Brown, M. E., Vogt, J. V., McCarty, J. L., Reid Bell, A., Guha- 
Sapir, D., Dorigo, W., Vasilaky, K., Svoboda, M., Bonifacio, R., & 
Anderson, M. (2020). Why predict climate hazards if we need to 
understand impacts? Putting humans back into the drought equation. 
Climatic Change, 162(3), 1161–1176. https://doi.org/10.1007/s10584- 
020-02878-0

Fallah, B., Didovets, I., Rostami, M., & Hamidi, M. (2024). Climate change 
impacts on Central Asia: Trends, extremes and future projections. 
International Journal of Climatology, 44(10), 3191–3213.

Freudenreich, H., Aladysheva, A., & Brück, T. (2022). Weather shocks 
across seasons and child health: Evidence from a panel study in the 
Kyrgyz Republic. World Development, 155(C), https://doi.org/10. 
1016/j.worlddev.2021.105801

Guo, H., Bao, A., Liu, T., Ndayisaba, F., Jiang, L., Kurban, A., & De 
Maeyer, P. (2018). Spatial and temporal characteristics of droughts 
in Central Asia during 1966–2015. Science of the Total Environment, 
624, 1523–1538. https://doi.org/10.1016/j.scitotenv.2017.12.120

Hermans, K. (2024). Climate change and mobility in Central Asia. 
Handbook on migration and globalisation [Triandafyllidou (ed.)] 
(2nd ed.). Edward Elgar.

Hermans, K., & McLeman, R. (2021). Climate change, drought, land 
degradation and migration: Exploring the linkages. Current Opinion 
in Environmental Sustainability, 50, 236–244. https://doi.org/10. 
1016/j.cosust.2021.04.013

Hermans, K., Müller, D., O’Byrne, D., Olsson, L., & Stringer, L. C. (2023). 
Land degradation and migration. Nature Sustainability, 6(12), 1503– 
1505. https://doi.org/10.1038/s41893-023-01231-4

Jeenbaeva, J., & Banerjee, S. (2022). Policy Analysis on Migration, 
Environment and Climate Change: Kyrgyzstan. International 
Organization for Migration (IOM), Bishkek.

Jiang, J., & Zhou, T. (2023). Agricultural drought over water-scarce 
Central Asia aggravated by internal climate variability. Nature 

Geoscience, 16(2), 154–161. https://doi.org/10.1038/s41561-022- 
01111-0

Jiang, J., Zhou, T., Chen, X., & Zhang, L. (2020). Future changes in pre
cipitation over Central Asia based on CMIP6 projections. 
Environmental Research Letters, 15(5), 054009. https://doi.org/10. 
1088/1748-9326/ab7d03

Karthe, D., Chalov, S., & Borchardt, D. (2015). Water resources and their 
management in Central Asia in the early twenty first century: Tatus, 
challenges and future prospects. Environmental Earth Sciences, 73(2), 
487–499. https://doi.org/10.1007/s12665-014-3789-1

Kayumov, A., & Razzaq, A. (2024a). Climate Inaction Report. 
Implications of Climate Inaction across the Water-Agriculture- 
Energy Nexus and Potential Benefits of Improved Intersectoral and 
Regional Cooperation. Central Asia Regional Economic Cooperation 
(CAREC) Institute, Urumqi, Xinjiang, the PRC.

Kayumov, A., & Razzaq, A. (2024b). Investment Gap Analysis of Central 
Asia’s Water, Agriculture, and Energy Sectors. Central Asia Regional 
Economic Cooperation (CAREC) Institute, Urumqi, Xinjiang, the 
PRC.

Kovaleva, M., Leal Filho, W., Borgemeister, C., & Komagaeva, J. (2023). 
Central Asia: Exploring insights on gender considerations in climate 
change. Sustainability, 15(16), 12667. https://doi.org/10.3390/ 
su151612667

Kurbanov, Z., Tadjiev, A., & Djanibekov, N. (2022). Adoption of sustain
able agricultural practices and investments in productive assets in irri
gated areas of Central Asia: Farm-survey evidence from Kazakhstan 
and Uzbekistan. IAMO Annual, 24, 69–79.

Kuzma, S., Bierkens, M. F. P., Lakshman, S., Luo, T., Saccoccia, L., 
Sutanudjaja, E. H., & Van Beek, R. (2023). Aqueduct 4.0: Updated 
decision-relevant global water risk indicators. Technical note. World 
Resources Institute. https://doi.org/10.46830/writn.23.00061.

Laldjebaev, M., Isaev, R., & Saukhimov, A. (2021). Renewable energy in 
Central Asia: An overview of potentials, deployment, outlook, and bar
riers. Energy Reports, 7, 3125–3136. https://doi.org/10.1016/j.egyr. 
2021.05.014

Lambrecht, I., Akramov, K. T., Aliev, J., & Khakimov, P. (2023). 
Agricultural production in Tajikistan: Evidence from twelve districts 
in Khatlon Province, 2015–2023. Intl Food Policy Res Inst.

Lerman, Z., & Sedik, D. (2018). Transition to smallholder agriculture in 
Central Asia. Journal of Agrarian Change, 18(4), 904–912. https:// 
doi.org/10.1111/joac.12282

Li, Z., Chen, Y., Fang, G., & Li, Y. (2017). Multivariate assessment and 
attribution of droughts in Central Asia. Scientific Reports, 7(1), 1316. 
https://doi.org/10.1038/s41598-017-01473-1

Lioubimtseva, E., & Henebry, G. M. (2009). Climate and environmental 
change in arid Central Asia: Impacts, vulnerability and adaptations. 
Journal of Arid Environment, 73(11), 963–977. https://doi.org/10. 
1016/j.jaridenv.2009.04.022

Liu, W., Liu, L., & Gao, J. (2020). Adapting to climate change: Gaps and 
strategies for Central Asia. Mitigation and Adaptation Strategies for 
Global Change, 25(8), 1439–1459. https://doi.org/10.1007/s11027- 
020-09929-y

Löw, F., Prishchepov, A. V., Waldner, F., Dubovyk, O., Akramkhanov, A., 
Biradar, C., & Lamers, J. P. A. (2018). Mapping cropland abandonment 
in the Aral Sea basin with MODIS time series. Remote Sensing, 10(2), 
0–24. https://doi.org/10.3390/rs10020159

Lukyanets, A., Ryazantsev, S., Moiseeva, E., & Manshin, R. (2020). The 
economic and social consequences of environmental migration in 
the central Asian countries. Central Asia and the Caucasus, 21(2), 
142–156. https://doi.org/10.37178/ca-c.20.2.13

Mirzabaev. (2023). Climate change science and policy in Central Asia: 
Current situation and future perspectives. In R. Sabyrbekov, I. 
Overland, & R. Vakulchuk (Eds.), Climate change in Central Asia dec
arbonization, energy transition and climate policy (pp. 23–32). 
Springer.

Mirzabaev, A. (2018). Improving the resilience of central Asian agricul
ture to weather variability and climate change. In L. Lipper, N. 
McCarthy, D. Zilberman, S. Asfaw, & G. Branca (Eds.), Climate 
smart agriculture: Building resilience to climate change (pp. 477–495). 
Springer.

CLIMATE AND DEVELOPMENT 645

https://doi.org/10.1016/j.agee.2014.02.033
https://doi.org/10.1596/1813-9450-10613
https://doi.org/10.1016/j.ejrh.2021.100779
https://doi.org/10.1016/j.ejrh.2021.100779
https://thediplomat.com/2023/04/what-afghanistans-qosh-tepa-canal-means-for-central-asia/
https://thediplomat.com/2023/04/what-afghanistans-qosh-tepa-canal-means-for-central-asia/
https://doi.org/10.1002/ird.604
https://doi.org/10.1002/ird.604
https://doi.org/10.1007/s10584-020-02878-0
https://doi.org/10.1007/s10584-020-02878-0
https://doi.org/10.1016/j.worlddev.2021.105801
https://doi.org/10.1016/j.worlddev.2021.105801
https://doi.org/10.1016/j.scitotenv.2017.12.120
https://doi.org/10.1016/j.cosust.2021.04.013
https://doi.org/10.1016/j.cosust.2021.04.013
https://doi.org/10.1038/s41893-023-01231-4
https://doi.org/10.1038/s41561-022-01111-0
https://doi.org/10.1038/s41561-022-01111-0
https://doi.org/10.1088/1748-9326/ab7d03
https://doi.org/10.1088/1748-9326/ab7d03
https://doi.org/10.1007/s12665-014-3789-1
https://doi.org/10.3390/su151612667
https://doi.org/10.3390/su151612667
https://doi.org/10.46830/writn.23.00061
https://doi.org/10.1016/j.egyr.2021.05.014
https://doi.org/10.1016/j.egyr.2021.05.014
https://doi.org/10.1111/joac.12282
https://doi.org/10.1111/joac.12282
https://doi.org/10.1038/s41598-017-01473-1
https://doi.org/10.1016/j.jaridenv.2009.04.022
https://doi.org/10.1016/j.jaridenv.2009.04.022
https://doi.org/10.1007/s11027-020-09929-y
https://doi.org/10.1007/s11027-020-09929-y
https://doi.org/10.3390/rs10020159
https://doi.org/10.37178/ca-c.20.2.13


Mirzabaev, A., Goedecke, J., Dubovyk, O., Djanibekov, U., Le, Q. B., & 
Aw-Hassan, A. (2016). Economics of land degradation in Central 
Asia. Economics of land degradation and improvement–A global 
assessment for sustainable development, pp. 261–290. Cham: 
Springer.

Mombauer, D., Link, A.-C., & van der Geest, K. (2023). Addressing cli
mate-related human mobility through NDCs and NAPs: State of 
play, good practices, and the ways forward. Frontiers in Climate, 5, 
1125936. https://doi.org/10.3389/fclim.2023.1125936

Mukhamedova, N., & Wegerich, K. (2018). The feminization of agricul
ture in post-Soviet Tajikistan. Journal of Rural Studies, 57, 128–139. 
https://doi.org/10.1016/j.jrurstud.2017.12.009

Najjar, D., Devkota, R., & Feldman, S. (2022). Feminization, rural trans
formation, and wheat systems in post-soviet Uzbekistan. Journal of 
Rural Studies, 92, 143–153. https://doi.org/10.1016/j.jrurstud.2022.03. 
025

Olimova, S., & Olimov, M. (2022). Integration vs disintegration: State 
borders and border conflicts in the isfara valley. In S. von Löwis & 
B. Eschment (Eds.), Post-Soviet borders (pp. 187–205). Routledge.

Otrachshenko, V., Popova, O., & Alimukhamedova, N. (2024). Rainfall 
variability and labor allocation in Uzbekistan: The role of women’s 
empowerment. Post-Soviet Affairs, 40(2), 119–138.

Pak, M., Wegerich, K., & Kazbekov, J. (2014). Re-examining conflict and 
cooperation in Central Asia: A case study from the Isfara River, 
Ferghana Valley. International Journal of Water Resources 
Development, 30(2), 230–245. https://doi.org/10.1080/07900627.2013. 
837357

Peña-Guerrero, M. D., Umirbekov, A., Tarasova, L., & Müller, D. (2022). 
Comparing the performance of high-resolution global precipitation 
products across topographic and climatic gradients of Central Asia. 
International Journal of Climatology, 42(11), 5554–5569. https://doi. 
org/10.1002/joc.7548

Peña-Ramos, J. A., Bagus, P., & Fursova, D. (2021). Water conflicts in 
Central Asia: Some recommendations on the non-conflictual use of 
water. Sustainability, 13(6), 3479. https://doi.org/10.3390/su13063479

Pérez-Martín, M. A. (2017). Security and human right to water in Central 
Asia. Palgrave Pivot.

Peterson, M. K. (2019). Pipe dreams: Water and empire in Central Asia’s 
Aral Sea basin. Cambridge University Press.

Qadir, M., Noble, A. D., Qureshi, A. S., Gupta, R. K., Yuldashev, T., & 
Karimov, A. (2009). Salt-induced land and water degradation in the 
Aral Sea basin: A challenge to sustainable agriculture in Central 
Asia. Natural Resources Forum, 33(2), 134–149. https://doi.org/10. 
1111/j.1477-8947.2009.01217.x

Reeves, M. (2011). Fixing the border: On the affective life of the state in 
southern Kyrgyzstan. Environment and Planning D: Society and 
Space, 29(5), 905–923. https://doi.org/10.1068/d18610

Reeves, M. (2014). Border work: Spatial lives of the state in rural Central 
Asia. Cornell University Press.

Reyer, C. P., Otto, I. M., Adams, S., Albrecht, T., Baarsch, F., Cartsburg, 
M., Coumou, D., Eden, E., Ludi, E., Marcus, R., Mengel, M., 
Mosello, B., Robinson, A., Schleussner, C.-F., Serdeczny, O., & Stagl, 
J. (2017). Climate change impacts in Central Asia and their impli
cations for development. Regional Environmental Change, 17(6), 
1639–1650. https://doi.org/10.1007/s10113-015-0893-z

Reyes-García, V., García-del-Amo, D., Álvarez-Fernández, S., Benyei, P., 
Calvet-Mir, L., Junqueira, A. B., Labeyrie, V., Li, X., Miñarro, S., 
Porcher, V., & Porcuna-Ferrer, A. (2024). Indigenous peoples and 
local communities report ongoing and widespread climate change 
impacts on local social-ecological systems. Communications Earth & 
Environment, 5(1), 29. https://doi.org/10.1038/s43247-023-01164-y

Rivotti, P., Karatayev, M., Mourão, Z. S., Shah, N., Clarke, M. L., & 
Konadu, D. D. (2019). Impact of future energy policy on water 
resources in Kazakhstan. Energy Strategy Reviews, 24, 261–267. 
https://doi.org/10.1016/j.esr.2019.04.009

Schewel, K., Dickerson, S., Madson, B., & Alverio, G. (2024). How well 
can we predict climate migration? A review of forecasting models. 
Frontiers in Climate, 5, 1189125. https://doi.org/10.3389/fclim.2023. 
1189125

Scissa, C., & Martin, S. F. (2024). Migration in the Context of Climate and 
Environmental Changes within Central Asia and to the European 
Union and the Russian Federation. International Organization for 
Migration (IOM), Geneva.

Sehring, J. (2020). Unequal distribution: Academic knowledge production 
on water governance in Central Asia. Water Security, 9, 100057.

Shaw, R., Luo, Y., Cheong, T. S., Abdul Halim, S., Chaturvedi, S., 
Hashizume, M., Insarov, G. E., Ishikawa, Y., Jafari, A. K. M., Pulhin, 
J., Singh, C., Vasant, K., & Zhang, Z. (2022). Asia. In H.-O. Pörtner, 
D. C. Roberts, M. Tignor, E. S. Poloczanska, K. Mintenbeck, A. M. 
Alegría, M. Craig, S. Langsdorf, S. Löschke, V. Möller, A. Okem, & 
B. Rama (Eds.), Climate change 2022: Impacts, adaptation, and vulner
ability. Contribution of working group II to the sixth assessment report 
of the intergovernmental panel on climate change (pp. 1457–1579). 
Cambridge University Press. https://doi.org/10.1017/9781009325844. 
012.

Sidle, R. C., Khan, A. A., Caiserman, A., Qadamov, A., & Khojazoda, Z. 
(2023). Food security in high mountains of Central Asia: A broader 
perspective. BioScience, 73(5), 347–363. https://doi.org/10.1093/ 
biosci/biad025

Spoor, M. (2018). 25 years of rural development in post-soviet Central 
Asia: Sustaining inequalities. Eastern European Countryside, 24(1), 
63–79. https://doi.org/10.2478/eec-2018-0004

Standal, K., Daloz, A. S., & Kim, E. (2023). A gendered approach to under
standing climate change impacts in rural Kyrgyzstan. In R. Sabyrbekov, 
I. Overland, & R. Vakulchuk (Eds.), Climate change in Central Asia. 
SpringerBriefs in climate studies (pp. 123–134). Springer. https://doi. 
org/10.1007/978-3-031-29831-8_10

Stulina, G. V. (2015). Role of women in the irrigated agriculture sector in 
the Fergana Valley: Findings of field surveys. Irrigation and Drainage, 
64(4), 491–500. https://doi.org/10.1002/ird.1919

Suleimenov, Y. (2021). The race against time for smarter development. In 
S. in Schneegans, T. Straza, & J. Lewis (Eds.), UNESCO science report 
(pp. 365–394). UNESCO Publishing. Available at: https://unesdoc. 
unesco.org/ark:/48223/pf0000377469/PDF/377469eng.pdf.multi

Tadjiev, A., Djanibekov, N., & Herzfeld, T. (2023). Does zero tillage save 
or increase production costs? Evidence from smallholders in 
Kyrgyzstan. International Journal of Agricultural Sustainability, 
21(1), 2270191. https://doi.org/10.1080/14735903.2023.2270191

Thompson-Hall, M., Carr, E. R., & Pascual, U. (2016). Enhancing and 
expanding intersectional research for climate change adaptation in 
agrarian settings. Ambio, 45(Suppl 3), 373–382. https://doi.org/10. 
1007/s13280-016-0827-0

Tischbein, B., Manschadi, A. M., Conrad, C., Hornidge, A.-K., Bhaduri, 
A., Ul-Hassan, M. M., Lamers, J. P. A., Awan, U. K., & Vlek, P. L. G. 
(2013). Adapting to water scarcity: Constraints and opportunities for 
improving irrigation management in Khorezm, Uzbekistan. Water 
Supply, 13(2), 337–348. https://doi.org/10.2166/ws.2013.028

Tleubergenova, A., Abuov, Y., Danenova, S., Khoyashov, N., Togay, A., & 
Lee, W. (2023). Resource assessment for green hydrogen production in 
Kazakhstan. International Journal of Hydrogen Energy, 48(43), 16232– 
16245. https://doi.org/10.1016/j.ijhydene.2023.01.113

UNCCD. (2024). UNCCD Data Dashboard. Available at: https://data. 
unccd.int/land-degradation Retrieved March 15, 2024.

UzStat. (2023). Main demographic indicators. State Committee of the 
Republic of Uzbekistan on Statistics. Retrieved June 9, 2023, from 
https://aholi.stat.uz/en/demography/demographic-indicators

Vakulchuk, R., Daloz, A. S., Overland, I., Sagbakken, H. F., & Standal, K. 
(2022). A void in Central Asia research: Climate change. Central 
Asian Survey, 42(1), 1–20. https://doi.org/10.1080/02634937.2022. 
2059447

World Bank. (2024). World Bank Open Data, https://data.worldbank.org
Xenarios, S., Assubayeva, A., Xie, L., Sehring, J., Amirkhanov, D., 

Sultanov, A., & Fazli, S. (2020). A bibliometric review of the water 
security concept in Central Asia. Environmental Research Letters, 16 
(1), 013001. https://iopscience.iop.org/article/10.10881748-9326/ 
abc717/meta

Xenarios, S., Gafurov, A., Schmidt-Vogt, D., Sehring, J., Manandhar, S., 
Hergarten, C., Shigaeva, J., & Foggin, M. (2019). Climate change and 

646 K. HERMANS ET AL.

https://doi.org/10.3389/fclim.2023.1125936
https://doi.org/10.1016/j.jrurstud.2017.12.009
https://doi.org/10.1016/j.jrurstud.2022.03.025
https://doi.org/10.1016/j.jrurstud.2022.03.025
https://doi.org/10.1080/07900627.2013.837357
https://doi.org/10.1080/07900627.2013.837357
https://doi.org/10.1002/joc.7548
https://doi.org/10.1002/joc.7548
https://doi.org/10.3390/su13063479
https://doi.org/10.1111/j.1477-8947.2009.01217.x
https://doi.org/10.1111/j.1477-8947.2009.01217.x
https://doi.org/10.1068/d18610
https://doi.org/10.1007/s10113-015-0893-z
https://doi.org/10.1038/s43247-023-01164-y
https://doi.org/10.1016/j.esr.2019.04.009
https://doi.org/10.3389/fclim.2023.1189125
https://doi.org/10.3389/fclim.2023.1189125
https://doi.org/10.1017/9781009325844.012
https://doi.org/10.1017/9781009325844.012
https://doi.org/10.1093/biosci/biad025
https://doi.org/10.1093/biosci/biad025
https://doi.org/10.2478/eec-2018-0004
https://doi.org/10.1007/978-3-031-29831-8_10
https://doi.org/10.1007/978-3-031-29831-8_10
https://doi.org/10.1002/ird.1919
https://unesdoc.unesco.org/ark:/48223/pf0000377469/PDF/377469eng.pdf.multi
https://unesdoc.unesco.org/ark:/48223/pf0000377469/PDF/377469eng.pdf.multi
https://doi.org/10.1080/14735903.2023.2270191
https://doi.org/10.1007/s13280-016-0827-0
https://doi.org/10.1007/s13280-016-0827-0
https://doi.org/10.2166/ws.2013.028
https://doi.org/10.1016/j.ijhydene.2023.01.113
https://data.unccd.int/land-degradation
https://data.unccd.int/land-degradation
https://aholi.stat.uz/en/demography/demographic-indicators
https://doi.org/10.1080/02634937.2022.2059447
https://doi.org/10.1080/02634937.2022.2059447
https://data.worldbank.org
https://iopscience.iop.org/article/10.1088/1748-9326/abc717/meta
https://iopscience.iop.org/article/10.1088/1748-9326/abc717/meta


adaptation of mountain societies in Central Asia: Uncertainties, 
knowledge gaps, and data constraints. Regional Environmental 
Change, 19(5), 1339–1352. https://doi.org/10.1007/s10113-018-1384-9

Zandler, H., Senftl, T., & Vanselow, K. A. (2020). Reanalysis datasets out
perform other gridded climate products in vegetation change analysis 
in peripheral conservation areas of Central Asia. Scientific Reports, 
10(1), 22446. https://doi.org/10.1038/s41598-020-79480-y

Zickgraf, C. (2018). Immobility. In R. McLeman & F. Gemenne (Eds.), 
Routledge handbook of environmental displacement and migration 
(pp. 71–84). Routledge.

Ziganshina, D. R., & de Schutter, J. L. G. (2022). Paving the way for evi
dence-driven transboundary water cooperation in Central Asia. 
JAWRA Journal of the American Water Resources Association, 58(6), 
1149–1161. https://doi.org/10.1111/1752-1688.12957

CLIMATE AND DEVELOPMENT 647

https://doi.org/10.1007/s10113-018-1384-9
https://doi.org/10.1038/s41598-020-79480-y
https://doi.org/10.1111/1752-1688.12957

	Abstract
	1. Climate change impacts and societal challenges in Central Asia
	2. Research gaps and future research directions
	2.1. Smallholder adaptation to climate change
	2.2. Climate change and mobility
	2.3. Water scarcity, tensions and cooperation in managing shared water resources

	3. Addressing the key limiting factors
	Acknowledgements
	Disclosure statement
	Notes on contributors
	ORCID
	References

