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Abstract: In the context of global warming, the frequency of drought events has increased. Frequent droughts in arid
regions of Central Asia have intensified vegetation degradation, presenting a considerable challenge to meeting the United

3

Nations “zero net land degradation” objective. However, the sensitivity of vegetation productivity in Central Asia to drought
events remains poorly understood. To tackle this issue, the study utilized land use data, ERAS5-Land data, and the aridity
index. The sensitivity of vegetation productivity to drought events in Central Asia was investigated through methods including
run theory, sensitivity calculation, and the Boosted Regression Tree ( BRT) model. The fundamental characteristics of

drought events over SPEI3—12 periods and the spatiotemporal variations of vegetation anomalies were identified. The

sensitivity of different vegetation types to drought events was assessed and the relative importance of drought characteristics
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on vegetation anomalies was quantified based on the BRT model. Findings indicate that with an expanding time scale,
drought characteristics generally worsen, with the exception of intervals and frequencies of drought events. Particularly in
semi-arid and sub-humid regions, drought events occurred more frequently and the severity remained high, with drought
severity ( SPEI12) reaching up to 25.11. With the time scale variation, the negative anomalies of Gross Primary
Productivity ( GPP) dropped to =30 in SPEI12 in semi-arid and semi-humid areas, notably impacting western Kazakhstan,
central and eastern portions of Central Asia, and eastern Turkmenistan. There were differences in GPP anomalies between
SPEI3 and SPEI12, with cropland showing the lowest negative median anomalies, and sparse vegetation exhibited the
greatest fluctuation in GPP anomalies. The sensitivity of different vegetation types to drought events gradually decreased as
the time scale expanded. In the semi-arid and semi-humid regions of Central Asia, croplands and sparse vegetation were
more sensitive. The BRT model indicated that drought severity was the most important factor affecting vegetation changes. In
the model, the mean sensitivity of grasslands and forests to drought severity between SPEI3—12 was 37.41% and 31.70%,
respectively. Therefore, understanding the sensitivity of vegetation productivity to drought events, especially in ecologically

vulnerable areas, will help provide decision-making references for preventing vegetation degradation.

Key Words: vegetation sensitivity ; drought events; different vegetation types; run theory; Central Asia
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Fig.1  Spatial distribution map of vegetation types and climatic zones in Central Asia
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Fig.3 Spatial and temporal distribution of drought intensity and severity
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Fig.7 Significance test of sensitivity anomalies for different vegetation types at different time scales
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Table 1 Boosted regression tree (BRT) model accuracy validation for different climate zones (SPEI12)

2R it T A X TRKX T RKX P X T X
Parameters Hyper-arid Arid Semi-arid Sub-humid Humid
I ZRE A < Training data correlation 0.709 0.778 0.754 0.796 0.783
28 AN S Cross validation correlation 0.656 0.711 0.702 0.683 0.691
W% Number of trees 5700 7700 6350 1850 1900
PE R R? 0.671 0.698 0.687 0.718 0.701
¥1971% %% Mean squared error 0.068 0.047 0.038 0.037 0.033
Y5 iR 2 Root mean squard error 0.202 0.168 0.195 0.151 0.182

£2 FTEEWHAEE BRT HEFEEIIIE (SPEI2)
Table2 BRT model accuracy validation for different vegetation types (SPEI12)

24 b Hih it i A B
Parameters Cropland Grassland Forests Sparse vegetation
YILRBAEAH K Training data correlation 0.758 0.718 0.764 0.721

A XUAEAI A, Cross validation correlation 0.713 0.684 0.708 0.676

Y ECE Number of trees 5750 4650 1400 6300

JoE RER? 0.681 0.669 0.706 0.678

¥ J51%2% Mean squared error 0.039 0.047 0.022 0.042
Y157 H % 2% Root mean squard error 0.187 0.213 0.168 0.184
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