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Abstract; Climate, vegetation and soil moisture content ( Soil Moisture,SM) are closely related to each other. Analyzing the
changes of SM,vegetation cover,temperature and rainfall in long time series and the effects of vegetation and climate on SM
can help to reveal the interaction relationship between soil moisture content-vegetation-atmosphere under the background of
global warming, and provide theoretical support to water shortage, land degradation, water resource protection and other

ecological and environmental issues to provide theoretical support. In this study, global MODIS products and ERA5-Land
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were used as data sources to obtain the water content SM1 in the 0—7 cm soil layer,SM2 in the 7—28 cm soil layer,SM3 in
the 28—100 cm soil layer, SM4 in the 28—289 cm soil layer, rainfall, air temperature, and the Normalized Difference
Vegetation Index (NDVI) time-series dataset for the years 2001—2020. The methods of Theil-Sen Median , non-parametric
statistical test (Mann-Kendall) , partial correlation analysis and complex correlation analysis were used to investigate the
temporal and spatial characteristics of SM , rainfall , air temperature and NDVI in different wet and dry climatic regions of the
world. NDVI in different wet and dry climatic regions of the world,and to investigate the spatial and temporal variations of
SM, rainfall , air temperature and NDVI, as well as the response of SM to rainfall, air temperature and NDVI. The results
show that: (1) Over the past 20 years,SM has generally shown a decreasing trend across various arid and humid climate
zones worldwide , while vegetation cover has generally shown an increasing trend. Precipitation has shown an “increase-
decrease-increase” pattern. Temperature showed an overall increasing trend. (2) In different arid and humid climate zones,
the correlation between SM and precipitation weakened with increasing soil depth. Except in humid regions,SM and NDVI
exhibited a higher partial correlation in the SM2 soil layer. Apart from the SM1 soil layer,SM showed a significant negative
correlation with temperature across different arid and humid climate zones. The sensitivity of SM to temperature decreased
with increasing soil depth, except in extremely arid regions. (3) Through multiple correlation analysis, we explore the
driving zones of various factors (joint driving zones, climate driving zones, vegetation driving zones) , it is found that SM
changes are mainly influenced by both climate factors and NDVI. The area dominated by NDVI was relatively small ,and the

area dominated by climate decreases with increasing soil depth.

Key Words: soil moisture; Normalized Difference Vegetation Index (NDVI) ; Climate-soil-vegetation; global ; interaction
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Table 2 Correlation coefficient between global soil water content and NDVI in different dry and wet climate regions

IR W FIX FRX PR 2 X TR IX
Soil depth Hyperarid zone Dry zone Semi-arid zone  Sub-humid zone Humid zone
I AH G R KL SM1 0.43+0.14 0.53+0.11 0.51+0.22 0.43+0.24 0.23+0.19
Partial correlation coefficient SM2 0.49+0.08 0.59+0.09 0.57+0.17 0.47+0.18 0.13%0.15
SM3 0.09+0.02 0.52+0.11 0.59+0.18 0.526+0.16 0.13%0.17
SM4 -0.08+0.3 0.2120.2 0.32+0.24 0.38+0.24 0.25+0.27
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Fig.8 Spatial distribution of global temperature trends from 2001 to 2020
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Table 3 Correlation coefficient table between global soil water content and precipitation in different dry and wet climate regions

TR e HIX THIX T RIX AR X A X
Soil depth Hyperarid zone Dry zone Semi—arid zone  Sub—humid zone Humid zone
(LIPS 4 SM1 0.840.05 0.79+0.03 0.75:0.04 0.73£0.03 0.71x0.03
Partial correlation coefficient SM2 0.67+0.04 0.67+0.04 0.73+0.04 0.72+0.03 0.73+0.03
SM3 0.29+0.06 0.51+0.03 0.65+0.03 0.65+0.03 0.71+0.04

SM4 0.15+0.1 -0.19+0.09 0.25+0.08 0.48+0.06 0.67+0.1
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Fig.10  Spatial distribution of correlation between global soil water content and NDVI
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Fig.11 Spatial distribution of the correlation between global soil water content and precipitation
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Fig.12 Spatial distribution of the correlation between global soil water content and temperature
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Table 4 Correlation coefficient between global soil water content and air temperature in different dry and wet climate regions

TR B R TR fFREK IR WX
Soil depth Hyperarid zone Dry zone Semi-arid zone Sub-humid zone Humid zone
GBS Y SM1 0.09+0.13 0.23+0.12 0.32+0.11 0.33+0.12 0.31+0.12
Partial correlation coefficient SM2 -0.07+0.14 -0.28+0.13 -0.56+0.13 -0.58+0.17 -0.54£0.15

SM3 -0.04+0.2 -0.23+0.12 -0.42+0.08 -0.51+0.16 -0.51+0.1

SM4 -0.47+0.14 -0.23+0.27 -0.27+0.19 -0.33+0.2 -0.5+0.16

2.3 NDVI S fext4sk SM 152 A 50
231 EBERAERT SM B AT

L SM AR R TR A8 S AR G AT (1B 13) SR BT X S AR AL A SR R SR S 7 b sMt
SM2,SM3 27 &R AR 3L R IR shicsm 2, 45 S XA B R A R

LS () A R, R TR X SM1 SM2 5t 80% i ik B (14 X Js 1 3 B4 vh /e - S 2 1 FLIX e, 413
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T R X SM3 # it 80% ik B Y IX 38 5 5T IX AR Y 61.20% ( P< 0.05) , i R FRXT SM4 #81d 80% BTk
JE 04 X 38 o5 B 9 X TR Y 38.27% (P< 0.05)  FE B TR 2 PN AL A R DX, A I s i) 32 10 X 8 7 I A5
FURRIE X, SM3 SM4 50 | B RS 2 8] 52 AH OC 2R B0 1 X Bl SM1 SM2 A T2

HMRERE
0 3625km o e—

o QT e
I=R=R=]

E 13 £¥SM 5ESE.RAEMAXENEESH

Fig.13  Spatial distribution of complex correlation between global soil water and temperature and precipitation
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P ERIRIE D, 7P PG FRE X AT B AE SM4 SRl BKZ) X ; A0 e 08 T 5 X Wi DX AR I pg A X, SR AL
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Fig.14  Spatial distribution of complex correlation between global soil water content and NDVI precipitation and air temperature
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Table 5 Average multiple correlation coefficients between global soil water content and precipitation and air temperature in different dry and

wet climate regions

IR 5 X FRX PR R X T X

Soil depth Hyperarid zone Dry zone Semi-arid zone  Sub-humid zone Humid zone
AR SM1 0.1777 0.0320 0.0430 0.0804 0.1389
Coefficient of complex correlation SM2 0.3475 0.1296 0.0573 0.0819 0.1439
SM3 0.4915 0.3000 0.0923 0.1124 0.1422
SM4 0.5046 0.5050 0.3585 0.3072 0.1820

TEM T 5K, AU 4 FS NDVI %) SM1 SM2 ,SM3  SM4 #3 80% ot ik B 114 11 AR 43 31 9 230 J7 km? 14 J7
km® 4 J7 km* 466 J7 km* 2900 km*, #£T5 X, FERT NDVI %F SM1,SM2 SM3 ,SM4 it 80% w1k 11
T AR 50K 1494 75 km® 658 J7 km® (180 J7 km? 2.3 J7 km®, 7E2FE T 5 IX, S iR F& ™ .NDVI X SM1 ,SM2 .
SM3  SM4 # 5t 80% BTk B 14 T AL 23 1 1468 T3 km® (1288 J7 km* (635 J7 km* 24 J7 km*, TEFIRIH X, K
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