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Abstract: The five Central Asian countries have long suffered from drought disasters, with severe water scarcity. In particular, droughts
occurring during the growing season (April—June) pose severe threats to local ecosystems and economic development. Based on reanalysis
data from 1961 to 2022, four typical growing-season drought events (in 1975, 1977, 2012, and 2021) in the five Central Asian countries
were identified. By constructing a land—atmosphere water balance framework, tracing moisture transport using the HYSPLIT model,
and applying a moisture budget decomposition method, this study systematically analyzes the anomalous moisture transport and source
regions responsible for atmospheric moisture deficits during growing—season droughts, and evaluates the dominant physical driving
processes. The results show that: 1) During growing—season droughts in the five Central Asian countries, the marked reduction in
precipitation contributed by advected moisture emerges as the primary cause of rainfall deficiency, while diminished precipitation
contributed by evaporative recycling further intensifies drought severity. 2) Moisture deficits associated with air parcels originating from
the Mediterranean region (in 1975, 2012, and 2021) or from northern Europe and the North Atlantic (in 1977) are key factors leading
to atmospheric moisture shortages during growing—season droughts. Specifically, in terms of moisture sources, the contributions from

the Caspian Sea and Turkmenistan decreased substantially. 3) The moisture transport during growing—season droughts is mainly
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influenced by changes in stationary vortices. The dynamic effects induced by wind changes (especially divergent dynamic effects) lead

to negative anomalies in the moisture budget and dominate the atmospheric moisture deficit over the five Central Asian countries.

Key words: the five Central Asian countries; growing-season drought; moisture budget; moisture transport; dynamic mecha-

nism; thermodynamic mechanism
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Fig. 1

(a) Interannual trend of SPEI-3 values in June of the five Central Asian countries from 1961 to 2022;

(b)-(e) the spatio—temporal characteristics of the four growing—season droughts

(a): the black dashed line indicates the SPEI-3 trend, with significance tested by the Mann-Kendall method; the gray dashed line marks the threshold

of SPEI-3=—1.0; (b)-(e), the upper part shows the spatial patterns of SPEI-3 in June, where black dots indicate cells with SPEI-3 values falling within

the lowest 5% during 1961—2022; the lower part shows the time-longitude distribution of daily SPEI-1 from April to June
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Fig.2 Large-scale circulation anomaly patterns during the growing season in the five Central Asian countries

Panel (a) shows the climatological mean (1981—2010) of vertically integrated moisture flux divergence (shaded) and 500 hPa wind fields (vectors); Panel

(b) shows the composite anomalies of the four growing—season droughts relative to the climatological mean; Panels (c)-(f) present the anomalies relative

to the climatological mean during the growing—season droughts in 1975, 1977, 2012, and 2021, respectively; In panels (b)-(f), the dark purple dots

indicate cells with statistically significant anomalies (»<Z0.05) in moisture flux divergence based on a two—tailed Student’s /~test
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Fig. 3 Land-atmosphere water cycle processes during the climatological period and growing—season droughts

in the five Central Asian countries

Panel (a) shows the climatological mean (1981—2010) of the land - atmosphere water cycle and its 95% confidence interval; Panel (b) shows the composite

anomalies of the four growing—season droughts relative to the climatological mean; Panels (¢c)-(f) present the anomalies relative to the climatological mean

during the growing—season droughts in 1975, 1977, 2012, and 2021, respectively; In panels (b)-(f), the orange and blue arrows respectively indicate

a decrease and increase in moisture transport compared to the climatological mean; ~ denotes statistically significant anomalies (p<<0.05) based on a

two—tailed Student’s /—test
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Fig.4 Climatological moisture sources during the growing season in the five Central Asian countries

Panel (a) shows the spatial distribution of the climatological mean (1981—2010) moisture sources (shaded) and major moisture transport channels

(trajectories); Panel (b) shows the spatial distribution of the standard deviation of moisture contribution during the climatological period; Panel (c) shows

the trend of moisture contribution during the climatological period; The

black dots indicate cells with statistically significant trend (p<<0.05) based on

the Mann—-Kendall test
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Fig.5 Moisture sources during growing—season droughts in the five Central Asian countries

Panel (a) presents the composite mean of moisture contribution of the four droughts; Panels (b)-(e) present respectively the moisture contribution

during the 1975, 1977, 2012, and 2021 droughts; Panels ()-(j) present the anomalies in moisture contribution during the corresponding events on

the right relative to the climatological mean
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Fig.6 Major air parcel source regions and their moisture contributions during growing—season droughts in the five Central Asian countries

Panel (a) shows the 59 air parcel source regions based on the IPCC climate reference regions; Panel (b) shows the climatological mean (1981—2010)
moisture contribution percentages of each source region to the five Central Asian countries during the growing season, displaying only regions with
contributions greater than 1%; Panel (c) shows the anomalies in moisture contribution percentages from the source regions in Panel (b) during the growing—

season droughts relative to the climatological mean; "indicates statistically significant anomalies (p<<0.05) based on a two-tailed Student’s /~test
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Fig.7 Contributions of physical processes to anomalous moisture transport during growing—season droughts

in the five Central Asian countries
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