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Abstract

The mountains of Central Asia support many environmental functions and

ecosystem services. The mountain environments and their services are affected

by climate change and climate change adaptation (CCA) actions are required

to increase resilience of regional communities. This paper is a systematic

review of the English and Russian-language literature published between 2013

(IPCC AR5) and May 2021 (IPCC AR6) focusing on CCA in the Central Asian

mountains. In all, 52 publications have been reviewed. Criteria defining incre-

mental and transformative adaptation were established and the reviewed stud-

ies were assigned to one of these approaches. The relatively low number of

publications shows that the extent of CCA knowledge represented in academic

literature is limited in comparison to other mountainous regions. There is a

disparity between the growing body of publications addressing climate change

and limited and decreasing number of academic publications focusing on adap-

tation in the region. Only 11 publications reported transformative adaptation

actions. Most of the reviewed papers (55%) focus on water resources and future

water availability; 15% focus on land degradation, 10% on changes in vertical

zonation of plant species, 7% on loss of plant species, 3% on impacts of hazard-

ous events, and 10% on multiple impacts of climate change. The awareness of

the importance of CCA among the regional actors should be improved through

closer collaboration between researchers, international organizations focusing

on sustainable development and adaptation which have recently become more

active in the region, practitioners, and local communities and co-production of

knowledge on the development and implementation of CCA.
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1 | INTRODUCTION

Central Asia, a region accommodating the glacierized mountain systems of the Tien Shan and Pamir and vast arid and
semi-arid plains, is a hotspot of the observed (Groisman et al., 2017, 2018; Unger-Shayesteh et al., 2013) and projected
(Huang et al., 2014; Jiang et al., 2020; Mannig et al., 2013) climate change. The impacts are particularly notable in the
mountains because climatic warming is enhanced at high elevations (Pepin et al., 2015) and because of the vulnerability
to climate change of mountain glaciers which occupy approximately 15,400 km2 in the Tien Shan (Farinotti
et al., 2015) and 13,800 km2 in the Pamir (Mölg et al., 2018). An increase in surface air temperature has been observed
in every season at the high-elevation sites (Shahgedanova et al., 2018). The widespread glacier retreat has been observed
in the Tien Shan mountains where glaciers lost 18% ± 6% of area and 27% ± 15% of mass in 1961–2012 (Farinotti
et al., 2015) and there is evidence for permafrost thaw (Marchenko et al., 2007). Although to date glaciers in the western
and central Pamir exhibited smaller loss of mass and had balanced budgets in the eastern Pamir (Bolch, Rohrbach,
et al., 2019; Bolch, Shea, et al., 2019; Brun et al., 2017), glacier retreat is projected for the whole region in all climate sce-
narios (Huss & Hock, 2018; Shannon et al., 2019). According to IPCC AR6, there is high confidence in the projected
increase in the intensity and frequency of extreme events (including heat waves, droughts, floods, and natural hazards
associated with climatic warming and glacier retreat) in the region (Chen et al., 2021; Groisman et al., 2018; Ranasinghe
et al., 2021; Seneviratne et al., 2021). Central Asia is an economically developing region including both middle- and
low-income countries (Table 1). Its water resources are transboundary and the institutions, regulating both national
and international use of water, are not well established (Zhiltsov et al., 2020). The socio-economic, political, and envi-
ronmental aspects of regional development are strongly linked to the state of its environment and successful adaptation
to climate change is of utmost importance given that the region is a hotspot of future climate change and associated
risks (Adler et al., 2022).

Changes, observed in the mountains, make a significant impact on both mountain and downstream ecosystems,
communities and different socio-economic sectors such as water provision, agriculture, recreation, tourism, and many
others (Adler et al., 2019; Huss et al., 2017; IPCC, 2018; Shahgedanova et al., 2021; Vakulchuk et al., 2022). Central Asia
is no exception. The region has an arid and semi-arid continental climate (Shahgedanova, 2002) and almost all water is
supplied by the mountain snowpack and melting glaciers which provide the key ecosystem services to the densely pop-
ulated foothills and oases (Figure 1) where arable agriculture will not be viable without irrigation. Kaser et al. (2010)
estimated that Central Asia depends on glacial melt for water provision more than any other part of the world. In the
21st Century, water availability will be the key issue for the developing economy of the region (Immerzeel et al., 2020;
Karthe et al., 2015). In Central Asia, peak flow is expected to pass by the 2050s (Huss & Hock, 2018; Shahgedanova
et al., 2020) putting water provision at risk. At present, runoff is increasing in the high-elevation headwater catchments,
which are not affected by water abstraction (Shahgedanova et al., 2018). Increased runoff leads to higher frequency of
natural hazards related to glacier retreat, such as an increase in volume and abundance of glacial lakes (Kapitsa
et al., 2017), increasing potential for the formation of glacier outburst floods (GLOF), debris flow and landslides
(Mamadjanova et al., 2018).

Strong climate change adaptation (CCA) action is required to increase resilience of the local population and avoid
competition for and conflicts over the scarce resources in the transboundary catchments. According to IPCC (2022),
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CCA is not only a process of adjustment of environmental and human systems to the negative impacts of the observed
and future climate conditions but it is also the ability to use the emerging opportunities. Furthermore, increasing
threats posed by the intensifying and cascading risks demand more of transformative rather than incremental adapta-
tion actions (Terzi et al., 2019). IPCC (2014) defines incremental actions as actions that expand or alter existing prac-
tices using small steps from a status quo which might be sufficient to reduce impacts. By contrast, transformative
actions foster deep structural and socio-economic changes that challenge the status quo and are linked to mitigation
(IPCC, 2014; Pelling et al., 2014). Transformative interventions are often implemented on a large scale to reduce

TABLE 1 Selected demographic and economic indicators for the CA countries.

Variable KZ KG TJ TM UZ

Area, km2 2.7 � 106 199 � 103 144 � 103 488 � 103 447 � 103

Population in 2020 (106) 18.8 6.5 9.5 6.0 33.5

Population density (number of people per km2, 2018) 6.8 32.9 65.6 12.5 77.5

Population growth rate, (% of total population, 2020) 0.89 0.96 1.52 1.06 0.88

Urban population, (% of total population, 2020) 57.7 36.9 27.5 52.5 50.4

Rate of urbanization (% annual rate of change, 2015–2020) 1.29 2.03 2.62 2.46 1.28

GDP per capita (USD, 2017) 26,700 3700 3200 18,200 6900

GDP growth (%, 2017) 4.0 4.6 7.1 6.5 5.3

GDP—composition, by sector of origin (%, 2017) Total

Agriculture 4.7 14.6 28.6 7.4 17.9

Industry 34.1 31.2 25.5 44.9 33.7

Services 61.2 54.2 45.9 47.7 48.5

Human Development Indexa value, 2018 0.817 0.674 0.656 0.710 0.710

Human Development Rank, 2018 51 122 126 106 106

Population below poverty line, (%, 2016) 2.6 32.1 31.5 0.2 14.0

Employment in (% of total population, 2017)

Agriculture 18.1 48.0 43.0 48.2 25.9

Industry 20.4 12.5 10.6 14.0 13.2

Services 61.6 39.5 46.4 37.8 60.9

Agricultural land, (% of total land area, 2016) 80.4 55.0 34.1 72.0 62.9

Degraded land, (% of total land area, 2015) 36 24 97 22 29

Irrigated land, (km2, 2012) 20,660 10,233 7420 19,950 42,150

Access to drinking water sources (% of total population, 2015)

Improvedb

Urban 99.4 96.7 93.1 89.1 98.5

Rural 85.6 86.2 66.7 53.7 80.9

Total 92.9 90.0 73.8 71.1 87.3

Unimprovedc

Urban 0.6 3.3 6.9 10.9 1.5

Rural 14.4 13.8 33.3 46.3 19.1

Total 7.1 10.0 26.2 28.9 12.7

aHuman Development Index (HDI): A composite index measuring average achievement in three basic dimensions of human development—a long and healthy
life, knowledge and a decent standard of living (United Nations Development Programme, 2019).
bImproved drinking water—use of any of the following sources: piped water into dwelling, yard, or plot; public tap or standpipe; tube well or borehole;
protected dug well; protected spring; or rainwater collection.
cUnimproved drinking water—use of any of the following sources: unprotected dug well; unprotected spring; cart with small tank or drum; tanker truck;
surface water, which includes rivers, dams, lakes, ponds, streams, canals or irrigation channels; or bottled water.
Source: United Nations Development Programme (2019); The World Factbook (2020); Worldometer (2023).
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stronger impacts of climate change. Transformative adaptations have a longer timeframe, a higher price and usually are
not supported by existing local institutions (Adler et al., 2022). Transformative adaptation is needed when adaptation
limits might be encountered. In mountain regions globally, compound multiple stresses require integrative, informed,
and inclusive governance approaches including smart policy mixes; multiscale and transdisciplinary approaches (Díaz
et al., 2019; Fedele et al., 2019; McDowell et al., 2021). More specifically, innovative governance solutions are needed in
montane Central Asia, which experiences multiple stressors and risks and where environmental, socio-economic, and
political problems are closely intertwined at international, national, and regional levels. Therefore, stocktaking of CCA
is needed to understand the potential of transformative adaptations of current and planned actions that reduce or close
adaptation gaps in the Central Asia mountains (McDowell et al., 2019, 2021).

However, currently, knowledge of any CCA actions in the mountains and mountain-dependent downstream regions
of Central Asia is limited in comparison with other mountainous regions of the world (Berrang-Ford et al., 2015;
Huggel et al., 2015; McDowell et al., 2019; Payne et al., 2020; Vij et al., 2021). Rasul et al. (2020) discussed adaptation
practices related to changes in the mountain cryosphere comparing very limited information about Central Asia with
the much more widespread research in the European Alps, Himalayas, and the Andes citing only two publications
related to adaptation to water stress and two publications about adapting to the cryosphere-induced hazards. Liu, Liu,
and Gao (2020) and Liu, Wang, et al. (2020) reviewed the literature on CCA, published between 1990 and 2019, using
the Web of Science Core Collection concluding that while the “gray literature” is available (e.g., eight reports from the
World Bank, United Nations Environmental Programme (UNEP), United Nations Development Programme (UNDP),
and Central Asia Regional Economic Cooperation (CAREC)), the peer-reviewed literature was very limited and focused
on the lowlands. Yapiyev et al. (2017) discussed CCA and mitigation activities as part of the review of endorheic basins
and lakes of Central Asia. They identified some international initiatives and pilot projects which are already underway
in the region, which usually are disconnected from each other, and intersectoral synergies are lacking. Neither of these
publications distinguished between the incremental and transformative adaptation actions in Central Asia.

FIGURE 1 Outlines of the Central Asia mountains (Körner et al., 2017) and population density as in 2020 (number of people per km2;

spatial resolution 1 km) (GPW, 2018). The inset figure shows future scenario of population growth in the region (red and blue lines denote

10th and 90th percentiles of confidence interval, respectively; black is mean value) (Lutz et al., 2008).
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The aim of this study is to provide a better understanding of the current knowledge of CCA in the mountains of
Central Asia using a systematic review methodology of McDowell et al. (2014). The systematic review allows combin-
ing, synthesizing and critical assessment of published literature, tracking changes in knowledge over time. The paper
aims to compile and analyze the information about the existing CCA projects and related publications in the mountain
regions of Central Asia and to identify gaps in adaptation efforts by conducting a systematic assessment of the peer-
reviewed literature published in English and Russian languages between 2013 and May 2021. The starting year was
identified according to IPCC AR6 because information from the previous years was combined in IPCC AR5. Russian
remains the most widely spoken language in Central Asia and is used in academic publications throughout the region
as well as by authors across the former Soviet Union (FSU) writing about Central Asia.

The specific objectives of this paper are fourfold (i) to identify the CCA actions taking place across the mountains of
Central Asia (see Supplement: Definitions of the keywords); (ii) to establish which impacts of climate change and envi-
ronmental sectors are prioritized in CCA, (iii) to identify the main actors involved in CCA, and (iv) to synthesize the
obtained information to identify gaps in knowledge and suggest directions for future research.

2 | STUDY REGION

In the context of this study, we define Central Asia as five post-Soviet countries (Van den Bosch
et al., 2021)—Kazakhstan (KZ), Kyrgyzstan (KG), Tajikistan (TJ), Turkmenistan (TM), and Uzbekistan (UZ)—with a
total population of approximately 74.3 million (Table 1). Adaptation extends beyond geographical boundaries and
national borders; however, it is rooted in the socio-economic and cultural characteristics. Being a part of the post-Soviet
space, the selected countries share these characteristics while other countries bordering the region do not. In particular,
Afghanistan and north-western China are geographically a part of Central Asia and their environmental and water
management policies affect the region (Britannica, 2024). Examples include the ongoing construction of the Qosh Tepa
Canal in Afghanistan designed to divert water from the Amu Darya (Kamil, 2021; Shih, 2023) and construction of mul-
tiple reservoirs in the upper reaches of the Ile River in China (Thevs, Nurtazin, et al., 2017; Zhupankhan et al., 2017).
Both are the main transboundary rivers in Central Asia. However, Afghanistan and China evolved within different his-
torical, cultural, and socio-economic contexts and, therefore, their responses to adaptation are different. It is for this
reason that both countries have been excluded from this assessment despite its overall importance for the region.

Despite the recent deceleration of population growth, the overall population of Central Asia is expected to increase
in the 21st Century by more than 100% under the most aggressive population change scenario (Figure 1; Lutz
et al., 2008). Currently, the highest population growth is observed in TJ, which is one of the poorest countries of the
region (Table 1). There is already pressure on arable land and water resources across most of the region (Aleksandrova
et al., 2014; Viviroli et al., 2020) and especially in UZ and TJ where population density is high in the foothills and in
mountain and river valleys (Table 1, Figure 1).

National income varies between countries (Table 1). Using the Organization for Economic Co-operation and Devel-
opment (OECD) definition, KZ is an upper middle income country, KG and UZ are in the lower middle income cate-
gory, and TJ is in the low income category (The World Bank, 2023). The relatively high GDP in TM, which places it in
the upper-middle income group of countries, results from the profits from export of natural resources (primarily, natu-
ral gas) and does not reflect real income of the country's population. An important socio-economic characteristic of the
region is the prominence of climate-dependent sectors with high requirements for water use in subsistence agriculture
in the lower-income countries. The shares of agricultural sector in national GDP vary from 4.7% in KZ to 28.6% in TJ
and on average, the sector employs around 35% of the labor force in the region (Table 1). Impacts of climate change, in
combination with a lack of agrometeorological support, poor state of the irrigation systems, and inefficient water man-
agement compromise water and food security in Central Asia, especially if the contribution of the mountain cryosphere
to water balance declines significantly, as expected (Barrett et al., 2017; Hoelzle et al., 2019; Yapiyev et al., 2021).

2.1 | Evidence of climate change in the region

In Central Asia, climate has been warming more rapidly than on average over the globe since the 1950s (IPCC, 2013,
2014). The biggest changes in temperature are observed in winter in the northern part of the region and in the moun-
tains. Hu et al. (2014) showed that regional annual mean surface air temperature increased by 0.36–0.42�C per decade
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from 1979 to 2011 in Central Asia. The increasing trends are more significant in the cold period of the year—autumn
and winter (Unger-Shayesteh et al., 2013). Studies of the future climate change are not numerous in Central Asia, but
several studies have analyzed projections from the regional climate models on the scale of the whole region and for
more specific areas (Vakulchuk et al., 2022). For example, Schiemann et al. (2008), Mannig et al. (2013), Shahgedanova
et al. (2020), and Ozturk et al. (2017) provided regional assessments, using Regional Climate Model (RCM) experiments
and showing that temperatures will increase across the region. The most aggressive scenarios (e.g., RCP 8.5) show a
strong warming across all seasons with temperature increase reaching 7–8�C in 2100 in comparison with the pre-
industrial period (Hayhoe et al., 2017; Mannig et al., 2013; Shahgedanova et al., 2020). The less aggressive scenarios pro-
ject temperature increase over 4�C for the northern part of the region and 2–3�C for Central Asia as a whole (Huang
et al., 2014; Jiang et al., 2020; Mannig et al., 2013).

While all models agree that regional climate will become warmer in the future, there is low confidence about
changes in the observed and projected changes in precipitation (Jiang et al., 2020; Reyer et al., 2017; Yu et al., 2018).
Uncertainties in the assessments of changes in solid precipitation (forming the mountain snowpack) are particularly
high because of the relatively sparse observational networks and time-dependent systematic biases in precipitation
records (Groisman et al., 2018). Analysis of the long-term precipitation records, starting before the 1970s (which was a
very dry period) showed that there is no significant long-term trend in precipitation in the Tien Shan while decadal var-
iability is strong (Shahgedanova et al., 2018). Future projections vary substantially between regions (most notably north
and south of Central Asia) and seasons (Duethmann et al., 2013; Ozturk et al., 2017; Schiemann et al., 2008) (low confi-
dence). The multi-model CMIP5 (Coupled Model Intercomparison Project) (Huang et al., 2014) and CMIP6 (Jiang
et al., 2020) projections suggest that precipitation likely to increase in winter and spring, and decrease in summer across
the region. However, high uncertainty between CMIP5 and CMIP6 as well as spatial heterogeneity lend to low agree-
ment between the future projections. There is a strong variability between models (low confidence) (including not only
rate but also signs of trends) in the CMIP5 ensemble (Huang et al., 2014). Overall, CMIP5 projects the strongest rate of
increase in annual precipitation (over 3 mm per decade under RCP2.6 and over 6 mm per decade under RCP4.5 and
RCP8.5) in the northern part of Central Asia. The results from CMIP6 project are more consistent between models
(higher confidence relative to CMIP5) (Ranasinghe et al., 2021). CMIP6 projects likely to increase in annual precipitation
under all scenarios (SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5) from 4 [2–7]% to 14 [9–21]% by the end of the 21st Cen-
tury (Jiang et al., 2020). The changes in seasonal precipitation are not homogenous with a wetting trend projected for
winter and spring and drying trend for summer. The largest increase in annual mean precipitation is projected by
CMIP6 models for the mountains (Jiang et al., 2020).

The mountains of Central Asia are the regional water towers: runoff generated by melting seasonal snowpack and
glaciers sustains regional water resources. Hydrographs in natural catchments are characterized by a strong seasonal
peak in late spring and summer. In the main river basins—the Amu Darya and Syr Darya—the combined contribution
of snow and glacier meltwater accounts for approximately 70% and 80% of annual runoff, respectively. Snow melt
accounts for 89% and 65% of the total melt component (Djumaboev et al., 2019). The sub-surface ice also contributes to
runoff. Although seasonal snow is the main contributor to runoff in Central Asia and snow cover duration and snow
water equivalent (SWE) are important controls over the warm season stream, there are few reliable assessments of
changes in snow pack characteristics, and especially SWE, over time (Kraaijenbrink et al., 2021). On average, in the
1986–2008 period, snow cover lasted for 0–30 days on the plains and for more than 240 days above 3000 m a.s.l. with
longer duration on the plains of Kazakhstan, in northern, central and eastern Tien Shan (Zhou et al., 2017). The signifi-
cant change in the duration of snow season timing with shifts toward the earlier onset of snow was identified using
MODIS products for 2002–2015 affecting herder livelihoods in Kyrgyzstan (Tomaszewska & Henebry, 2018).

Mean annual glacial mass balance has been negative ranging from �0.3 to �0.8 mm w.e.a�1 in the 21 Century
(Brun et al., 2017; Gardner et al., 2013) and since the 1960s–1970s (Farinotti et al., 2015; Kapitsa et al., 2020; Pieczonka
et al., 2013). Glacier retreat is observed throughout the Tien Shan with the highest area loss rates of 1% a�1 in the outer
ranges (Hoelzle et al., 2019; Kutuzov & Shahgedanova, 2009; Narama et al., 2010; Severskiy et al., 2016; Sorg
et al., 2012; Unger-Shayesteh et al., 2013). Glaciers in the western and central Pamir exhibited lower mass losses (Brun
et al., 2017). In all these regions, glacier wastage is projected to continue (Hock et al., 2019). In the eastern Pamir, bal-
anced and slightly positive budgets were observed (Bolch, Rohrbach, et al., 2019; Bolch, Shea, et al., 2019; Brun et al.,
2017; Holzer et al., 2015) suggesting that precipitation increases at high-elevations in this region (Hoelzle et al., 2019).

Sporadic permafrost occurs in the Tien Shan between 2600 m a.s.l. and 3200 m a.s.l. and above 3300 m a.s.l. in the
Pamir (Tajikistan) although there is less information about its type and distribution (Hoelzle et al., 2019). Gorbunov
et al. (1996) estimated that the total volume of ground ice in the Northern Tien Shan was 62% of the surface ice volume.
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An increase in permafrost temperature and depth of the active layer has been reported (Marchenko et al., 2007). Rock
glaciers are widespread in region but there is no information about their contribution to streamflow (Bolch, Rohrbach,
et al., 2019; Bolch, Shea, et al., 2019; Jones et al., 2019).

At present, high air temperatures and low precipitation, observed in summer, do not imply a lack of water in the
natural catchments because of the meltwater contribution which is responsible for a strong peak in annual hydrographs
in the warm season (Huss et al., 2017; Shahgedanova et al., 2018). However, higher summer flows are not always
observed in the lower reaches because almost all rivers of Central Asia are affected by water abstraction for irrigation
and are regulated by dams and reservoirs (Grill et al., 2019; Immerzeel et al., 2012). Trends in annual and summer run-
off, observed over the last 50–60 years in natural headwater catchments are insignificant and inconsistent (Hoelzle
et al., 2019). Analyses of shorter (30–40 year) records show that annual and summer runoff has not declined in the nat-
ural catchments but has increased in catchments with higher glacierization, and extent of permafrost and rock glaciers
(Duethmann et al., 2015; Krysanova et al., 2015; Kundzewicz et al., 2015; Shahgedanova et al., 2018). The projected
reduction in glacier and ground ice volume are likely to result in changes in magnitude and seasonal cycle of runoff
(Huss et al., 2017; Shahgedanova et al., 2020) although these changes will strongly depend on the future SWE which is
hard to predict given a strong uncertainty in projections of precipitation. Permafrost responds more slowly to climate
change than glaciers and its contribution is likely to lag that of the glacier ice (Hoelzle et al., 2019).

The projections of runoff, which explicitly incorporate glacier change scenarios driven by various emission
scenario—climate model combinations, are spatially heterogeneous. Reductions in runoff, with a shorter duration of
summer peak flow and lower flow are projected to occur by 2050 in the autumn for the Amu Darya and Sur Darya
catchments (Immerzeel et al., 2012). In smaller (<600 km2) natural catchments in the Balkhash-Alakol basin, summer
discharge is projected to decline (not change significantly) in basins with lower (higher) glacierization but earlier
freshets are predicted (Shahgedanova et al., 2020).

The continuing temperature increase, strong variability in precipitation, changes in land cover and land use
(Groisman et al., 2018) will accelerate the deglaciation of the mountains and aridization of the plains and increase expo-
sure of population and ecosystems in the transboundary, densely populated, and otherwise water-deficient catchments.

3 | METHODOLOGY

3.1 | Systematic review approach

The main definitions and keywords used in the literature search are presented in the Supplement. The extent of the
considered area is shown as the outlines of the Central Asia mountains in Figure 1. The study area was restricted to
the national borders of five Central Asia counties and the natural mountains borders which were extracted from the
Global Mountain Biodiversity Assessment (GMBA) Mountain Inventory (Körner et al., 2017). The full list of the consid-
ered mountain ranges is presented Table S1.

A systematic review was conducted using the approach based on the Reporting Standards for Systematic Evidence
Syntheses (ROSES) in environmental research protocol (Haddaway et al., 2018). This approach is designed to imple-
ment a formal, transparent, and standardized analysis of academic literature. Figure 2 shows the sequence of the
implementation of the systematic review. Two largest databases of scientific literature were used to select publications
in English: Scopus and the Web of Science (WoS). The largest databases of academic literature published in Russian—
Scientific Electronic Library (Elibrary)—was used to identify the relevant articles.

The methodology for screening papers used the following criteria (Table S4): (i) peer-reviewed journal articles and
book chapters written in English and Russian; (ii) publication between 2013 and May 2021; (iii) explicit focus on CCA
in the mountains of Central Asia and foothills where the mountains play a key role in a considered issue;
(iv) explanation of adaptation options in an assessed publication; (v) a clear methodology for deriving suitable adapta-
tion options proposed in the publication. The review considered only those papers which reported original research and
provided clear evidence of explicit adaptation responses, that is, responses that have been or are in the process of being
implemented or are planned. The relevant review papers were examined and used as additional sources of bibliography
but were not included in the analysis. To make the selection of publications unbiased, we followed the approach
described in papers underwent multiple rounds of reviews and discussion among the authors until agreement was
reached for their inclusion or exclusion (Berrang-Ford et al., 2015, 2021; McDowell et al., 2014, 2021).

Based on the main aim and specific objectives of this study, the following research queries were developed to iden-
tify relevant articles. Keywords such as “adaptation,” “resilience,” “mountain”, and “climate change,” “name of
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mountain” and “name of country/countries”, “Central Asia” where mountains are geographically located were used to
develop the search queries (Table S2). Various combinations of search queries were used in the selected search data-
bases to maximize the capture of relevant literature. Importantly, all queries were applied to full body of article includ-
ing title, abstract, full text, and references preventing us from missing publications related to the region and the topic.
Moreover, mountain ranges often have several names in both English and Russian languages and their transliteration
and use varies (e.g., Zailiiskiy Alatau and Ile Alatau). In addition, several regions were renamed recently to reflect
national heritage (e.g., Dzhungarskiy (or Jungar) Alatau is currently referred to as Jetisu Alatau). In total, 100 search
queries were applied (Table S3).

The search was implemented on 17 May 2021 (Scopus/WoS, n = 16,614, Elibrary n = 17,132), and after removing
duplicates (Step 1 “Data collection,” Figure 2), 9304 (Scopus/WoS) and 516 (Elibrary) articles were used in Step
2 “Screening of publications” (Figure 2). At the second step, titles and keywords were screened according to their rele-
vance and a decision was made about the selection of articles for the next stage of assessment. Abstract screening was
performed on 325 (Scopus/WoS) and 277 (Elibrary) articles. After reading the abstracts, 91 (Scopus/WoS) and
58 (Elibrary) articles were included in the full-text screening. The complete texts of the selected articles were checked
for compliance with the inclusion criteria (Table S4). Following the examination of the full texts, 52 (Scopus/WoS) and
45 (Elibrary) articles were excluded because they did not match the inclusion criteria (full text of four of these articles

FIGURE 2 Selection procedure for identifying articles following the ROSES protocol where n is number of publications. Adapted from

Vij et al. (2021).
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were not found). The most frequent reasons for the exclusion were a lack of discussion of adaptation actions and
absence of clarity about CCA methodology. Most of the excluded articles mentioned the importance of adaptation or
suggested that the outcomes of the study can be used to develop adaptation strategies but stopped short of proposing
methodologies for adaptation. The papers that referred indirectly to adaptation (e.g., preparedness, risk management,
resilience building, mitigation etc.) were not included for the next step of review. An example is a paper by Kapitsa
et al. (2017) discussing the use of GLacier Bed TOPography version 2 (GlabTop2) model to predict the formation of gla-
cial lakes. The paper shows that the model is a useful risk management and adaptation tool, but it does not outline any
CCA actions and methodology. The articles focused on CCA in the lowlands of Central Asia were excluded too, unless
they discuss the issues related to the mountains, for example, water availability or hazards originating in the moun-
tains. However, the papers where the notion of adaptation was ambiguous, or the paper used analogous terminology
were included based on several rounds of consultations and discussions between co-authors.

The critical view step (Step 3, “Critical assess and final analysis” Figure 2) included the screening of all included
papers by the authors in the context of the inclusion criteria to make consolidated decisions about selecting papers for
final analysis. The third step involved processing data on and analysis of the selected publications (n = 52). Data
processing consisted of (i) recording metadata such as author(s) name(s), year of publication, journal title, abstract, key
words, name of the mountain range/basin/region, and country, and (ii) coding the articles. The articles were coded
according to the following categories (Table S5): (i) study area (country); (ii) climate change impact; (iii) environmental
sectors; (iv) type of adaptation measure, i.e., incremental or transformative; (v) who adapts. A short description of adap-
tation actions was included for the subsequent analysis (Table S6).

Two types of adaptation—transformative and incremental—were recognized (See Supplement: Definitions of the
keywords). Table 2 summarizes criteria applied to determine the type of adaptation. At least one criterion should be sat-
isfied to attribute the action to transformative adaptation.

4 | RESULTS

4.1 | Scoping results of the peer-reviewed literature: A limited representation of
adaptation actions in the region

Following the final approval, 39 (Scopus and WoS) and 13 (Elibrary) publications were analyzed. The structure of the
peer-reviewed articles published in English differs from publications in Russian as the latter do not always follow

TABLE 2 Criteria of transformative and incremental adaptations (Fedele et al., 2019; Filho et al., 2022).

N Criterion Transformative Incremental

1 Innovative/Restructuring
Is this adaptation new for the
region?

Adaptation is implemented or proposed for
implementation in the region for the first
time (implementation in other part of the
world is acceptable)

Adaptation is not new but is an improvement
on existing measures.

2 Multiscale/Systemwide
Does this adaptation involve
large-scale changes?

Large territory, several regions, several
countries

Small area, several experimental locations,
limited community

3 Path-shifting/ Restructuring
Does this adaptation have long-
or short-term time of
implementation?

Long-term Short-term

4 Innovative
Does it require a big investment?

Yes No

5 Persistent/Systemwide
Does the implementation of this
adaptation change (or will change
in the future) attributes of a
system?

Results of the implementation of this
adaptation change or will bring changes at
different levels (local, country, region,
global), system or part of system (policy,
economy, law, socio, environment, etc.),
condition of system

Results of the implementation maintain the
essence and integrity of the existing
technological, institutional, governance, and
value systems
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the traditional structure (“Introduction,” “Study region,” “Data and Methods,” “Results,” “Discussion,” “Conclusion”).
In particular, many papers, published in Russian, do not follow the standard structure: in some, section “Data and
methods” is missing and most do not have “Discussion” section. The journals in English and Russian have different
review and citation systems. Some analyses, implemented in this study, are applicable only to the English-language
publications other only to those published in Russian. It is for these reasons that we provide separate preliminary ana-
lyses of the two groups of publications.

The total number of publications varied between years with lower activity after 2017 (Figure 3). In 42 articles,
impacts of climate change were analyzed and followed by a discussion of the CCA actions. The remaining 11 publica-
tions focused strictly on adaptation to climate change impacts. Publications focused both on single and multiple
impacts.

The main issues, related to climate change, were temperature increase (n = 35), degradation of glaciers (n = 23),
changes in precipitation (n = 13), and increase of hazardous events (n = 7) (Figure 4a). Three publications (Scopus/
WoS) focusing on hazardous events considered increasing awareness of the multi-hazard risks in the region
(Lioubimtseva, 2015; Shodieva et al., 2014; Xenarios, Gafurov, et al., 2019; Xenarios, Schmidt-Vogt, et al., 2019). Only
Gaisberger et al. (2020) considered specific hazards affecting biodiversity in the mountain areas such as threats of land-
slides and habitat fragmentation. Despite the strong evidence for increasing frequency of natural hazards and disasters
resulting from the observed climatic warming and glacier retreat (Kapitsa et al., 2017; Kattel et al., 2020; Medeu
et al., 2020; Petrakov et al., 2020; Piroton et al., 2020; Zheng et al., 2019), only seven of all selected articles mentioned
impact of climate change on the increasing hazard potential and risks. Only three articles discussed adaptation actions
against increasing hazard potential. These actions included creating early warning system against mudflow and floods
(Zamai, 2014), hydraulic engineering activities (Fazilov & Fazilov, 2017), and scientific research (Yuldashev
et al., 2015).

The distribution of the articles by the spatial scale of adaptation strategy are present in Figure 4b. The majority of
articles are devoted to the transboundary issues (n = 21) related to water resources (n = 15). The main problem in the
transboundary water use is relations between the upstream (Tajikistan, Kyrgyzstan) and downstream (Kazakhstan,
Turkmenistan, Uzbekistan) countries. The main concerns of the upstream countries are generation of hydropower and
operation of reservoirs while the downstream countries are concerned about irrigation (Jalilov et al., 2013; Zhupankhan
et al., 2017). Tajikistan and Kyrgyzstan control about 80% of all surface water reserves in the region which enables them
to influence activities in the downstream neighboring countries (Zhiltsov & Bimenova, 2015). Thus, water resources
have become a source of existing and potential socio-political, national and transboundary conflicts (Jalilov et al., 2013;
Kurtov, 2014; Menga, 2017). Other articles, considering issue of water resources, focused on individual countries: UZ

FIGURE 3 Number of publications within the assessment period by year.
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(n = 7), KG (n = 3), TJ (n = 4), KZ (n = 2), and TM (n = 2). These articles considered various issues such as a lack of
hydrometeorological observations (Klümper et al., 2017; Mukhamedjanov et al., 2021), unsustainable water use (Barrett
et al., 2017; Bekchanov & Lamers, 2016; Brody et al., 2020; Kulov, 2020), and the absence of institutional distribution of
water resources between the local users (Mosello, 2015; Mukhtarov et al., 2015). The key issue for Central Asia is future
water availability (Hock et al., 2019; Xenarios et al., 2021) and this point was confirmed by the analysis of the selected
publications: 33 articles focused on water resources (Figure 4c). Adaptation in the Aral Sea basin was addressed by
three publications and another four focused on its main rivers, the Syr Darya and Amy Darya. Other publications
focused on the CCA in various mountain regions of Central Asia.

Issues other than impacts of climate change on water availability and associated hazards were addressed in 27 publi-
cations including land degradation (n = 9), vertical shift of plant species (n = 6), loss of plant and animal species
(n = 4), damages from hazard events (n = 2) and complex of consequences of climate change impact (n = 6). The
selected articles focused on such sectors as water management (n = 33), land management (n = 10), and biodiversity
(n = 7). In eight publications, adaptation in more than three sectors was addressed (multi-sectoral, n = 8) (Figure 4d).

FIGURE 4 Number (percentage) of articles focusing on (a) impacts of climate change; (b) spatial scale of adaptation showing which

country or countries (transboundary) were considered in the paper; (c) considered consequences of climate change; (d) sectors targeted by

adaptation actions.
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Although there is a clear understanding that there is a pressing need to improve water resource management, most
proposed and discussed actions directed toward the improvements in water management were incremental (41 publica-
tions) rather than transformative (11 publications). Table 3 presents examples of the transformative and incremental
adaptation practices classified using the criteria summarized in Table 2. Here, transformative adaptations were related
to measures that are either large-scale, in terms of the amount of time or fund consumption, change the attribute of a
system, or were completely new for the region. Some transformative adaptations satisfied two or even all three criteria
(Table 2). For example, rangeland restoration using seed isles (Christmann et al., 2015) is a new approach for Central
Asia (Criterion 1), requires large-scale seeding (Criterion 2 and 3) and changes the system of grazing (Criterion 5). By
contrast, improvement of existing irrigation system is an example of incremental adaptation (Sorg et al., 2013; Criteria
1 and 2) and harmonization of ongoing initiatives (Xenarios, Gafurov et al., 2019; Criteria 1, 4 and 5).

The discussed adaptation actions were implemented at different levels: International (by national governments in
the transboundary river basins, n = 12), local authorities (n = 11), local users (n = 20), and academics (n = 13). Four
publications combine the adaptations which require the efforts of both local scientists and governmental organizations.

4.2 | Representation of the region in international journals: Web of Science and Scopus
databases

A relatively small number of the English-language publications (39 in total; 24 publications were in open access) were
accepted for the final analysis, including nine book chapters and 30 peer-reviewed articles. The included articles
were published in 23 interdisciplinary, social and environmental science journals with a large range of impact factor
(IF) values. At the lower end, there were journal that did not yet have an IF such as Ekonomicheskaya Politika or had a
very low IF, for example, Asian Journal of Women's Studies (IF 0.2). Journal of Cleaner Production had the highest IF of
7.2. The journals in which more than one article was published included Water (IF 2.5, n = 3), Mountain Research and
Development (IF 1.5, n = 3), Journal of Hydrology (IF 5.7, n = 2), Environmental Science and Policy (IF 4.8, n = 2),
Regional Environmental Change (IF 3.5, n = 2).

In total, 153 authors from various countries contributed to the selected peer-reviewed articles (Figure 5). Most
authors (51) had the main affiliation with the Central Asia organizations leading eight publications. Authors with main
affiliation with the European Union organizations and Switzerland (37 and 27, respectively) led 10 publications. There
were 13 authors from the United States of America (USA) and Canada leading four publications. Authors from China
and Australia led two publications each. Authors from the United Kingdom (UK), Azerbaijan, Morocco and Sri Lanka
led one publication each.

4.3 | The main focus of the local scientific community: Elibrary database

Only 13 articles were included for the final analysis from the Elibrary database. The second step of the systematic
review (Figure 2) showed that 65 articles focused on adaptation to anthropogenic impacts while a much smaller num-
ber 13 of publications focused on climate change (Figure 6). The focus of literature in Russian was human activity and
its impact on the environment rather than climate change impact.

The most commonly discussed issues were those related to water management including transboundary conflicts of
interests and inefficient local use of water resources (implementation and application of outdated or destroyed technol-
ogies, planting of crops with high water requirements) with higher prevalence of anthropogenic impact (n = 35) rela-
tive to climate change (n = 5). Biodiversity was the second most relevant topic discussed by 18 publications focusing on
the effects of development in mountain areas, increasing livestock and overgrazing, poaching, and uncontrolled defor-
estation. Eight publications discussed land resources and adaptation to unsustainable grazing and overgrazing, failure
to implement crop rotation, salinization of soils and the excessive use of fertilizers. Soil erosion attributed the impacts
of climate change was consider in one paper (Yuldashev et al., 2015).

5 | DISCUSSION

Following the screening and subsequent analysis of the selected publications, complying with the specified selection
criteria, 52 peer-reviewed articles were analyzed. This number is considerably lower than the publications concerned
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with adaptation in the European Alps, Hindu-Kush – Himalayas, and the Andes (Aggarwal et al., 2021; Payne
et al., 2020). Moreover, the number of publications on adaptation in the Central Asia mountains has declined since
2013 (Figure 3). This trend persists despite a strong evidence of escalating impacts of climate change, increasing under-
standing of the vulnerability of the region to climate change and a growing number of publications on climate and

TABLE 3 Transformative and incremental adaptation actions in different sectors identified in the selected literature.

Sector Transformative (n = 11) Incremental (n = 41) References

Water
resources

Reservoir development and operation or creating
artificial dams and small reservoirs (development
hydropower capacity)1

Tree shelterbelts2

International investment laws (updated legal
framework for managing transboundary water
resources)3

Drip irrigation technology4

The small-scale, self-organized irrigation
governance system, applying the concept of
“hydrosocial arrangements”5

Integrated approach to water
management6

Improvement of existing irrigation
system7

Introducing more water-efficient
crops8

Institutional changes9

Economic incentives for local users10

Investments to improve
infrastructure11

Cooperative water management12

Market-based management, including
water pricing or trading in water
rights13

The harmonization of ongoing
initiatives14

Comprehensive evaluation of
irrigation water requirements15

1Jalilov et al., 2013;
Veysov & Khamraev, 2019
2Thevs, Strenge,
et al., 2017
3Boute 2017; Duan
et al., 2019
4Brody et al., 2020
5Dörre &
Goibnazarov, 2018
6Schlüter et al., 2013;
Krutov et al., 2014;
Zhupankhan et al., 2017
7Sorg et al., 2013
8Christmann & Aw-
Hassan, 2015
9Tischbein et al., 2013;
Mukhtarov et al. 2015;
Mosello, 2015
10Tischbein et al., 2013
11Barrett et al., 2017
12Stucker & Lopez-
Gunn, 2014
13Bekchanov &
Lamers, 2016
14Xenarios, Gafurov
et al., 2019
15Tian & Zhang, 2020

Land
resources

Rangeland restoration using seed isles1

Triple rotation2
Community-based pasture
management3

1Christmann et al. 2014
2Ibragimov et al., 2020
3Zhumanova et al., 2016

Biodiversity Effective transboundary landscape-
level management of mountain
biodiversity1

Development of criteria for the
effective transboundary conservation
of terrestrial biodiversity2

In situ conservation and assisted
natural regeneration3

1Lim, 2013
2Lim, 2015
3Sultanova et al., 2012;
Kasiyev, 2014; Gaisberger
et al., 2020

Multi-
sectoral

Create a network of small agrometeorological
stations1

Pilot model of an automated system of
monitoring and early-warning system of
catastrophic mudflows and floods2

Multi-scale approach to vulnerability
assessment3

Building capacity4

Climate corridor analysis5

Glacier monitoring6

1Mukhamedjanov
et al., 2021
2Zamai, 2014
3Lioubimtseva, 2015
4Shodieva et al., 2014;
Williams &
Golovnev, 2015
5Kohler et al., 2016;
Orlowsky et al., 2017
6Hoelzle et al., 2017;
Nussbaumer et al., 2017
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environmental change itself (but not on adaptation plans or actions). Vakulchuk et al. (2022) found same tendency for
the climate change papers which peaked in 2013 and declined since.

The research is largely focused on the problem of water resources, especially present and future water availability
with 55% of the analyzed papers addressing these issues. This result reflects the dependence of the region on runoff
from the mountains and the importance of impacts of climate change on mountain cryosphere (Duethmann et al.,
2015; Huss & Hock, 2018; Shahgedanova et al., 2020; Xenarios et al., 2021) exacerbated by the aridity of regional climate
(Verhagen & Rahman, 2023; Yapiyev et al., 2021). Except in northern and eastern Kazakhstan where large-scale arable
agriculture is rain-fed, a very high proportion of agricultural production depends on irrigation sustained by mountain
water (Table 1). Many studies focus on water supply (Hoelzle et al., 2019). However, water availability and quality
strongly depend on water management especially in Central Asia because of the extensive water abstraction and crea-
tion of dams and reservoirs within the region (Church, 2017; Karthe et al., 2015; Yapiyev et al., 2021) and in the border-
ing states of Afghanistan and China (Kamil, 2021; Shih, 2023; Thevs, Nurtazin, et al., 2017; Zhupankhan et al., 2017).

Currently, natural flow exists only in proglacial headwater zones (Shahgedanova et al., 2018). Downstream, water
management and land use including agricultural practices, animal husbandry, forestry, and mining activities
(e.g., Allan et al., 2020; Ullah et al., 2019) make greater impact on water availability than changes in supply due to cli-
mate change (Yang et al., 2021). However, impacts of poor and unsustainable water management are sometimes
wrongly attributed to climate change especially in the Russian-language literature while water governance, which is an
important factor affecting water security provision (Assubayeva et al., 2022), is understated. A serious limitation is a
lack of information about water supply (including streamflow statistics) and demand and building new monitoring net-
works is required to implement adaptation especially the transformative actions which often require different types of
data with higher temporal and spatial resolution (Mukhamedjanov et al., 2021; Zamai, 2014). An important gap in
adaptation of water resources research is that groundwater is under-researched (Gafurov et al., 2019). Many large cities

FIGURE 5 The authors' countries of affiliation: Scopus and WoS publications.

FIGURE 6 Number of publications considering CC and anthropogenic impacts.
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in the region (e.g., Bishkek, Dushanbe, and Almaty) are situated on large aquifers in the piedmont areas and rely on
groundwater for potable water supply (Liu, Liu, & Gao, 2020; Liu, Wang, et al., 2020; Morris et al., 2006; Xenarios,
Gafurov, et al., 2019; Xenarios, Schmidt-Vogt, et al., 2019). Mountains “subsidize” these areas by recharging groundwa-
ter aquifers but this contribution has not been quantified (Jobb�agy et al., 2011) thus limiting the sustainable use of
groundwater as adaptation instrument (Xenarios, Gafurov, et al., 2019; Xenarios, Schmidt-Vogt, et al., 2019).

The implementation of adaptation strategies in the region occurred relatively recently, resulting in a delay in acting.
This delay implies that over the last two decades, the region relied (and still does) on the Soviet heritage and only now
does it try to improve the infrastructure and implement new options (Matiiuk et al., 2020; Sehring, 2020). For example,
the aged, dilapidated irrigation systems, unproductive agricultural cultivars, and outdated early warning systems are
used instead of applying new technologies and approaches (Barrett et al., 2017). Season forecast are not discussed in the
academic literature as the method of adaptation in Central Asia, and neither are they delivered directly to farmer com-
munities, although, this method is widely used elsewhere (e.g. Daron et al., 2021). The recently conducted interviews
with farmers producing cereal crops in the foothills of the northern Tien Shan, Kazakhstan revealed that farmers do
not have timely access to seasonal forecasts although they identified forecast availability as one of their main needs and
tools of adaptation to climate change and variability (Salokhiddinov et al., 2020; Suleimenova et al., 2024). One of the
new approaches is grassroots or citizen-driven projects for tackling problems for tackling problems with infrastructure,
access to expertise and sharing knowledge. Social innovations may represent a way forward for CCA in mountains and
beyond (OECD, 2021), thus, international donors are focusing on initiatives to strengthen civil society through collabo-
rations with NGOs and grassroots movements.

Most articles (79%) considered incremental actions (Table 3) which include incremental adaptation measures
aiming to improve practices that are already in place. Many of these projects are successful. For example, integrated
approach to water management is a common worldwide action for sustainable use of water resources. However, the
implementation of incremental adaptation measures does not always alleviate vulnerabilities in the most exposed areas.
For example, the improvement of an existing irrigation system is not a reliable measure, and innovative measures
should be applied to improve water use. However, as the obtained statistics shows, both research on and actions in
transformative adaptation (including that to multiple risks) are lacking in Central Asia (Adler et al., 2022; Christmann
et al., 2015; Thevs, Strenge, et al., 2017) due to costs, speed, and difficulties of implementation. We identified only five
studies exploring transformative adaptation applying in water sector in the region (Table 3). Although we divided the
adaptation into incremental and transformative following IPCC AR6 (2021), we recognize that incremental actions and
tackling environmental, socio-economic, governance and technical issues in small steps can lead to the transforma-
tional reaction in the socio-economic and environmental field in line with Karl Popper's Piecemeal Social Engineering
concept (Shearmur, 1996) applied in other countries of the Global South (e.g., Afisi, 2021; Ezeugwu, 2020).

5.1 | Adaptation strategies gaps in other sectors

There is a predominance toward CCA research in water resources and natural hazards, while adaptation in other sec-
tors is under-represented. Such important issues as biodiversity received little attention, with only six publications. This
issue is despite the fact that the mountains of Central Asia are a hotspot of biodiversity (Nowak et al., 2020) and shifts
in plant distributions and threat of extinction of some plant species have been reported (Akhmedov et al., 2021;
Iegorova et al., 2019; Kohli et al., 2021; Nowak et al., 2020). In contrast to the monitoring of glaciers which expanded
recently (Hoelzle et al., 2017; Kapitsa et al., 2020), biota monitoring has declined and the region is not represented in
the mountain biota monitoring networks (e.g., Grabherr et al., 2010). Overcoming this problem may be the first step
toward development of adaptation studies in biodiversity.

Another important gap is adaptation of animal husbandry and agro-pastoralism to climate change. These sectors
are an important part of the rural montane economy in all Central Asian countries but especially in Kyrgyzstan where
over 80% of country's agricultural land consists of mountain pastures (Azarov et al., 2024; Kerven et al., 2011). Com-
prised predominantly by smallholdings with limited adaptive capacity, they face extensive pressures from climate
change and rangeland degradation and biodiversity loss due to overgrazing (Azarov et al., 2024). Yet only one paper
published within the assessment period disscussed adaptation of the agropastoral systems using the community-based
pasture management as adaptation strategy for improvement of pasture condition and decreasing pasture degradation
(Zhumanova et al., 2016).
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As stated above, there are contrasting trends in the increase in number of publications for Central Asia (Xenarios
et al., 2021) and declining number of publications on evidence of climate change and adaptation (Vakulchuk
et al., 2022). Many studies of the scientific aspects of climate change and its impacts have been published in the
highest-ranking journals, however, they stop short of developing adaptation strategies, programmes and actions and do
not demonstrate a clear pathway between the generated knowledge to implementation. A lack of clear instructions on
the implications of the results to regional and local stakeholders in adapting to climate change limits the usefulness of
the scientific studies. For example, natural hazards and disasters such as GLOF, landslides and debris flows are com-
mon in the Central Asia mountains experiencing rapid deglaciation and are comparatively well-researched (Kapitsa
et al., 2017; Kattel et al., 2020; Piroton et al., 2020; Mamadjanova et al., 2018; Medeu et al., 2020; Medeu et al., 2022).
There are publications about other hazards related to temperature rise such as potential extension of areas affected by
wildfires (Zong et al., 2020). These papers, however, do not clearly formulate CCA strategies and actions although the
data they present are used in adaptation. The Kazakhstan State Agency for Mudflow Protection implemented knowl-
edge on the expansion of glacial lakes, both observed and projected, provided by Kapitsa et al. (2017, 2023) in lake man-
agement aimed at preventing GLOF and issuing recommendations for planning and development in the mountains.
These clearly are adaptation actions, but they are not explicitly addressed in publications which limits the awareness of
stakeholders and implementation of knowledge in other regions.

This research, however, is a successful example of co-production and implementation of knowledge by scientists
and practitioners. In other thematic areas and countries of Central Asia, there is a bigger gap in communication
between scientists, governmental and community stakeholders, international development agencies, and other inter-
ested parties. This study found that while the work is not described as “adaptation” in publications, actions effectively
representing climate change adaptation measures are discussed but are not explicitly connected with climate change
and adaptation (Baimoldayev et al., 2018; Hamidov et al., 2015; Hill, 2013; Shigaeva et al., 2016). Implicitly discussing
climate change but failing to assign the observed impacts to climate change and failure to understand and apply the
concept of CCA is typical of the research culture in the region. Perhaps, this gap is due to the fact that climate adapta-
tion and mitigation are relatively new concepts for Central Asia.

We suggest that developing interdisciplinary studies, connecting scientific findings with practical adaptation actions,
is a priority for Central Asia. For example, while the water-energy-food (WEF) nexus approach is discussed globally
including Central Asia (Abdullaev & Rakhmatullaev, 2016; Yapiyev et al., 2017), we have not identified any study
related to the mountains of Central Asia. In theory, the WEF nexus approach to developing adaptation strategies is very
relevant to the mountains with their capacity for hydropower generation and water supply. However, the application of
the WEF nexus methodology to policy-making and development of adaptation strategies in competing sectors is very
limited (Endo et al., 2020).

5.2 | Limited involvement of local academic community in CCA research

Although the Russian language is the language of communication and science in Central Asia, the systematic review of
Elibrary shows a limited number of publications considering CCA. Language barriers and accessibility of publications
remain limiting factors. The involvement of local academics and practitioners in international research on adaptation,
published in English is limited (Figure 3) while publications in Russian are less accessible to the international commu-
nity. Most assessed publications were led by international researchers except eight articles, four of which were led by
the international experts affiliated with local organizations (Ashley et al., 2016; Christmann et al., 2015; Ibragimov
et al., 2020; Mukhamedjanov et al., 2021; Shodieva et al., 2014; Thevs, Strenge, et al., 2017; Xenarios, Schmidt-Vogt
et al., 2019; Zhupankhan et al., 2017). Moreover, while researchers are often familiar with the latest CCA approaches
applied globally, they do not consider implementation of these approaches at national and regional levels
(Sehring, 2020). We attribute this lack of involvement of regional scientists in research on and application of the con-
temporary approaches to CCA to two factors. Firstly, the Soviet legacy left behind a strong tradition of scientific training
but neglected socio-economic knowledge required in adaptation research (Matiiuk et al., 2020). In Central Asia, there is
a dominance of “hard” science and engineering approaches to solving the climate and water problems, while human
dimension is often neglected or marginalized although it is clear that technologies alone are not sufficient to address
pressing water resource issues in Central Asia and improvements in governance and management are required
(Yapiyev et al., 2017). Secondly, following the collapse of the Soviet Union, many research institutes and national acad-
emies of science, which had established links with decision-makers and end users were closed or lost their status.
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Research shifted to universities many of which at present do not prioritize collaboration with stakeholders. There are,
however, some good examples of co-production of knowledge and emergence of the impact-oriented research. Research
on hazards related to glacier retreat is conducted jointly by research organizations and risk-reduction agencies
(e.g. Kapitsa et al., 2023) and those involved in agricultural research have close links with farmer communities. The
newly-established universities aim to focus on the reduction of vulnerability of local population to climate change
(e.g., Azarov et al., 2024). However, the practice of delivering knowledge to stakeholders and implementing it in adapta-
tion should be expanded considerably to achieve effective CCA (Nabavi, 2022).

5.3 | Limitations of the study

A comprehensive systematic review of the peer-reviewed literature on CCA in the mountains of Central Asia published
in English and Russian languages has revealed gaps in academic publications. This, however, does not imply that
knowledge about adaptation is not being developed and shared. Adaptation, including concrete steps and measures, is
often discussed in gray sources including reports from international, regional and local organizations, research briefs,
and materials produced for stakeholders (Berrang-Ford et al., 2021; McDowell et al., 2019). These sources cannot be
reviewed in a systematic way according. The exclusion of these sources is, therefore, a limitation of this study as well as
other studies based on the methodology of a systematic review.

In Central Asia, a multitude of international agencies and initiatives play vital roles in sustainable development and
adaptation to climate change including the World Bank, the Asian Development Bank (ADB), the United Nations
Development Programme (UNDP), the Aga Khan Foundation, and regional development organizations such as the
Central Asia Regional Economic Cooperation (CAREC) (Liu, Liu, & Gao, 2020; Liu, Wang, et al., 2020). These organiza-
tions collaborate with national and regional governments, local communities, and stakeholders to assess impacts of cli-
mate change, reduce vulnerability and foster resilience through the development of adaptation policies and practices.
Their role is particularly important because practitioners and decision makes often do not engage with academic litera-
ture but focus on more practical recommendations instead. Their role is particularly important because practitioners
and decision makes often do not engage with academic literature but focus on more practical recommendations instead.
The practice of providing policy briefs resulting from the academic projects may also help to fill this gap (e.g. Feola
et al., 2017).

6 | CONCLUSIONS

This systematic review assessed the peer-reviewed literature on CCA actions in the mountains of Central Asia using
two international databases (WoS and Scopus) and the largest database of the Russian-language literature (Elibrary),
for the time period between January 2013 and May 2021. The key finding was a lack of academic publications on adap-
tation strategies in comparison to other mountain regions despite the growing evidence of climate change impacts and
the high vulnerability of Central Asia region. Although impacts of climate change were discussed in many publications,
articles made very limited recommendations using the term “adaptation” to formulate prospects of further studies but
did not present a clear pathway to CCA or explained how the obtained results can be used for adaptation. Most publica-
tions focused on water security and water use in agriculture while other problems were under-represented. There was a
lack of publications on adaptation to hazards and disasters related to deglaciation despite a clear focus on the scientific
aspects of these problems and their importance for the region and a surprising lack of publications on adaptation of
mountain farming and agropastoralism to climate change despite its high importance for the region combined with
high vulnerability.

We conclude that advocacy and awareness of CCA actions are required at different levels starting from the trans-
boundary governance to local users. Capacity building among the regional community of academics and practitioners
is required to improve their understanding of CCA and its implementation. It was highlighted that the local languages
are not prioritized for scientific publications, and, importantly, local knowledge seldom makes its way to scientific pub-
lications. Involving local community in international projects would improve understanding of local practices, knowl-
edge and culture. The region requires more expertise in CCA and there are ample opportunities for those who can
improve CCA knowledge in subjects such as biodiversity, disaster mitigation, montane farming, and health.
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