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Abstract

Increasingly frequent and severe droughts will significantly impact agricultural production and
the ecological environment. Quantifying the characteristics of drought propagation from meteor-
ological to agroecological droughts, particularly the time lag and cumulative effects, can enhance
the monitoring capability of agroecological droughts. Using ERA5-Land reanalysis data and AVHRR
vegetation index data, we derived the meteorological drought index (NSPEI), soil drought index
(SSMI), and vegetation drought index (VHI) to analyze the spatiotemporal distribution character-
istics of meteorological, soil, and vegetation droughts in Yunnan. The study reveals the lag and
cumulative effects of drought propagation from meteorological to vegetation drought and from
soil to vegetation drought, while also discussing spatial heterogeneity and dominant effects
across different underlying surfaces and eco-geographical zones. The results indicate that mete-
orological droughts of varying severity are prone to occur across Yunnan, while soil droughts are
concentrated in the eastern Yunnan Plateau, hilly plains, and most parts of the southern Yunnan
valleys. Vegetation droughts occur more frequently in the northern hilly plains and western Yun-
nan Plateau, with drought frequencies exceeding 0.2 in most areas. Overall, meteorological
droughts in Yunnan show no significant trend. Areas with a significant intensification of soil
drought are primarily located in the eastern part of the Chuan-Tibet mountains, as well as the
western and northeastern sides of the Yunnan Plateau. Areas with a significant mitigation of
vegetation drought are mainly found in most parts of the Yunnan Plateau and the hilly plains. The
cumulative duration of meteorological and soil drought propagation to vegetation drought is
generally shorter than the lag duration. The lag time is longer in the Chuan-Tibet mountains and
the northwestern Yunnan Plateau (over 18 months), while it is shorter in central and eastern
Yunnan (nearly one month). By analyzing the spatial differentiation of cumulative and lag effects
during the propagation of different drought types in Yunnan and exploring their dominant effects,
the research results can provide theoretical support for early warning of local agricultural
(vegetation) drought.
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DOI: 10.12677/ccrl.2026.152047 423 SR TR


https://doi.org/10.12677/ccrl.2026.152047
https://www.ecmwf.int/en/era5-land
https://www.star.nesdis.noaa.gov/smcd/emb/vci/VH/vh_ftp.php

kA, ZEFIF

RGP 1R R UE T E K A SR EEE O (http://www.nesdc.org.cn) . TEHY 732 E L RER FH IGBP 4

KAMUER MCD12Q1 13142877 i (http://Ipdaacsve.cr.usgs.gov), P55 T4 (2020) ) E s o K =R

A DX IR o LRk e B U 58 0488 v 40 (https:// www.resde.cn/Default.aspx) » KR 581X i 73y 4 >

ARSI, A IEE L X SR e R X BT R X AR R A (] 1) & 28 7 a5 SR i nt R
W 1.

98°E 100°E 102°E 104°E 106°E 98°E 100°E 102°E 104°E 106°E

(b) 334 s S

28°N
28°N

26°N

26°N

24°N
24°N

[ 7 9 10 M 13 16 J
s 14 I 17
9 12 15

u N P
2 5
0 200km K] IO
e——

22°N
22°N

C A=A br X &
98°E 100°E 102°E 104°E 106°E 98°E 100°E 102°E 104°E 106°E

Figure 1. Location of the study area (Approval number: GS (2026)1760)
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Table 1. Drought classification based on NSPEI and SSMI
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Figure 2. Occurrence frequency of meteorological, soil, and vegetation droughts at different severity levels
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Figure 3. Trends and significance of meteorological, soil, and vegetation droughts
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