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Vegetation drought loss probability and disaster-triggering thresholds in Yellow
River Basin based on Copula model
ZHANG Jinping', YAO Tian>’, WU Chuanhao®*, CHENG Jiahao
(1. Pingdingshan Meteorological Service, Pingdingshan 467000, Henan, China; 2. School of Municipal and Environmental
Engineering, Henan University of Urban Construction, Pingdingshan 467036, Henan, China; 3. State Key Laboratory
of Water Disaster Prevention, Hohai University, Nanjing 210098, Jiangsu, China; 4. Yangtze Institute for
Conservation and Development, Hohai University, Nanjing 210098, Jiangsu, China; 5. The Fifth Prospecting

Team of Shandong Coal Geology Bureau, Jinan 250100, Shandong, China)

Abstract; [ Objective ] The Yellow River Basin serves as a critical ecological barrier and major agricultural production area in
China, characterized by a fragile ecological environment and high sensitivity to climate change. Investigating the response
characteristics of vegetation to drought events in this region, quantifying the probability of vegetation loss under different drought
scenarios, and identifying the drought thresholds that trigger vegetation loss are of great significance for regional ecological
security and sustainable development. [ Methods]Based on monthly precipitation and leaf area index (LAI) data from 1982 to
2020, the standardized precipitation index (SPI) was used to identify drought events, and a bivariate Copula-based conditional
probability model was constructed to assess vegetation loss probability and inversely identify disaster-triggering thresholds.
[ Results]1) LAl was significantly positively correlated with SPI across 94. 3% of the grid cells in the Yellow River Basin, and
the optimal cumulative time scale of vegetation response to drought exhibited a pronounced north-south divergence, ranging from
4—9 months in the southern region to over 17 months in the northeastern region. The basin-wide average probability of vegetation
loss increased from 52. 0% under mild drought to 67. 7% under extreme drought (LAl < 40th percentile) , with values in the
grassland-dominated central and northern areas substantially exceeding those in the forest— and cropland-dominated southeastern
areas (by 12%~18%). (2) Drought thresholds differed markedly among the four vegetation types. The mean SPI required to
trigger LAI < 40th percentile loss was only —0. 70 for grasslands, whereas deciduous broadleaf forests required an SPI as low as
-1.12, indicating a 1. 6-fold difference in drought sensitivity between the two. (3) As the loss level decreased from the 40th to
the 10th percentile, the proportion of areas with identifiable thresholds declined sharply, suggesting that extreme vegetation loss
was predominantly governed by localized drought events in grassland regions. [ Conclusion ] Vegetation drought vulnerability in
the Yellow River Basin is jointly governed by vegetation type and regional moisture availability. Grasslands represent the most
drought-prone ecosystem type, and the grassland-dominated central and northern areas constitute priority regions for drought
disaster prevention and control. These findings provide a scientific basis for drought risk zoning and management, ecological
conservation prioritization, and optimized water resource allocation across the river basin.

Keywords: Yellow River Basin; drought; leaf area index; vegetation loss probability; disaster-triggering threshold; Copula

function; vegetation differences; vegetation vulnerability
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Fig. 1 Vegetation types and grid point distribution in Yellow River Basin
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Fig. 2 Spatial distribution of average maximum correlation coefficient between LAI and SPI and average optimal drought

accumulation time scale ( month) during growing season in Yellow River Basin
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Fig. 4 Spatial distribution of vegetation loss probability under drought events of different intensities in Yellow River Basin
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Table 2  Differences in loss probability among four vegetation types under drought conditions %
LAI TR i - ] AR T i HOOJR K H A
B B 44.1 48.2 53.9 48.3 52.0
R 46.7 53.6 61.1 53.1 58.4
LAI<40th
R 48.8 58.2 66.5 57.2 63.3
W F 50. 8 62.9 71.1 61.3 67.7
® B 36. 4 40.7 44.3 39.2 42.7
h &2 39.2 46.2 52.0 44.3 49.5
LAI<30th
B R 41.7 51.2 58.3 48.9 55.2
W F 44. 4 56. 8 64.2 53.9 60.7
" B 27.2 30.0 32.9 29.3 31.7
o B 30.2 35.4 40.5 34.3 38.4
LAI<20th
B R 33.0 40.7 47. 4 39.2 44.7
W 5 36. 4 47.0 54.7 45.1 51.4
B R 16.2 18.6 18.5 17.3 18.1
R 19.0 23.2 24.5 21.4 23.5
LAI<10th
5 5 21.8 28. 1 31.2 25.9 29. 4
W F 25.5 34.6 39.8 32.0 37.2
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Fig. 5 Spatial distribution of drought-triggering thresholds under different vegetation loss levels (LAl < 40th, 30th,

20th, and 10th percentiles) from April to September in Yellow River Basin
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Fig. 6 Probability density function (PDF) distribution of drought-triggering thresholds under different

vegetation loss levels from April to September
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Table 3 Drought-triggering thresholds required for vegetation loss of different vegetation types during growing season in Yellow River Basin

n o P 75 i AR T R O K& W
SPI¥ME | X3 5H/% | SPI¥E | RKEWGH/% | SPIE | XEUSE/% | SPIME | K5 H/%
LAI<40th -1.12 75. 00 -1.05 100. 00 -0.70 88. 04 -0.82 83. 61
LAI<30th -1.59 66. 67 -1.43 100. 00 -1.02 73. 68 -1.26 68. 85
4 A LAI<20th -1.95 50. 00 -1.73 81.82 -1.53 56. 46 -1.88 55.74
LAI<10th -2.40 41.67 -2.15 54.55 -1.92 35.41 -2.24 26.23
LAI<40th -1.03 58.33 -1.26 72.73 -0.78 92.34 -1.03 73.77
LAI<30th -1.56 41.67 -1.40 45.45 -1.26 70. 33 -1.51 57.38
5 A LAI<20th -2.05 16. 67 -1.98 36. 36 -1.77 50.72 -1.81 39.34
LAI<10th -2.40 8.33 -2.40 27.27 -2.14 31.10 -2.33 26.23
LAI<40th -1.18 75. 00 -0. 89 90.91 -0.76 86. 12 -1.03 77.05
LAI<30th -1.55 33.33 -1.31 81.82 -1.15 66. 03 -1.51 62.30
6 A LAI<20th -1.70 16. 67 -2.02 54.55 -1.61 50. 72 -1.88 47.54
LAI<10th -2.70 16. 67 -2.25 18.18 -2.21 36.36 -2.25 24.59
LAI<40th -1.34 83.33 -0. 83 81.82 -0.74 89. 00 -0.91 88.52
LAI<30th -1.43 50. 00 -1.15 72.73 -1.08 74. 64 -1.44 80. 33
7 LAI<20th -1.80 33.33 -1.74 63. 64 -1.49 61.24 -1.73 55.74
LAI<10th -2.40 16. 67 -2.20 54.55 -2.05 52.63 -2.15 39.34
LAI<40th -0.92 41.67 -1.20 72.73 -0.77 90. 43 -1.08 63.93
LAI<30th -1.30 41.67 -1.43 63. 64 -1.09 73.21 -1.53 52.46
8 LAI<20th -1.60 33.33 -2.15 36.36 -1.56 61.24 -1.84 39. 34
LAI<10th -2.13 25.00 -2.30 18.18 -2.05 50.72 -2.11 22.95
LAI<40th -1.02 41.67 -0. 86 72.73 -0.79 93.30 -0.92 70. 49
LAI<30th -0. 85 16. 67 -1.35 72.73 -1.12 74.16 -1.47 55.74
o LAI<20th -1.75 16. 67 -1.58 45.45 -1.59 57.89 -1.96 42.62
LAI<10th -2.20 16. 67 -2.30 27.27 -2.07 43.06 -2.07 18.03
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