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Abstract

The land surface and atmosphere interact as a complexly linked system. The soil moisture-precipitation
feedback mechanism is of great significance to weather forecast and climate prediction; however, it is
uncertain in physical-based numerical simulation. Transfer entropy, which reflects non-linear statistical
correlation directly through data, has been considered as a new paradigm to explain hydrological system
and provides possibility to study the land-atmosphere coupling. Normalized transfer entropy was pro-
posed in this study, and was verified to measure comparable coupling strength. Observation data on 168
weather stations during 2002~2018, MODIS-NDVI (MOD13A2) and soil moisture data from the global
land parameters data record LPDR V2.0 were used. Characteristics of the feedback were explored by
three information indexes. A positive soil moisture-precipitation feedback was also valid by the partial
correlation. The results showed: 1) the average significant lag time of soil moisture-precipitation coupl-
ing was 4.3 d, which was longer than 1.8 d of precipitation-soil moisture coupling. It indicated that there
was a delay effect during the feedback process. The soil moisture in response to precipitation affected
the precipitation process after a longer period of time; 2) the normalized transfer entropy of precipita-
tion-soil moisture coupling was 0.51, which was stronger than 0.13 of soil moisture-precipitation coupl-
ing; and 3) due to the frequent water exchange in the lower reaches of the Jinsha River, the Dongting
Lake, the Poyang Lake and the Taihu Lake systems, soil moisture had a faster and stronger feedback on
precipitation.
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Figure 1. Results of Montle Carlo test: (a) 7, TE/H, # values of two models under different source and target variables;
(b) Bidirectional H, TE, TE/H values of model 1 under the changing coupling coefficient
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Figure 2. Distribution of river system network and 168 weather stations in the Yangtze River catchment
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Figure 3. Results of partial correlation between soil moisture and precipitation in the Yangtze River catchment. Red hollow broken lines
represent correlation between early precipitation-soil moisture and soil moisture-later precipitation. The horizontal axis refers to five lag
time situations. Other broken lines represent evapotranspiration-precipitation, evapotranspiration-soil moisture, NDVI-precipitation,
NDVI-soil moisture (see legend on the right). The dark and light dashed lines respectively represent the correlation thresholds at a signi-
ficance level of a = 0.05 and 0.01
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Figure 4. Spatial characteristics of soil moisture-precipitation feedback in the Yangtze River catchment. # is represented by gray
background, and the color depth corresponds to its value; TE/H is represented by orange squares, and the side length corresponds to
its value; 7 is represented by yellow circles, and the radius corresponds to its value
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Figure 5. Seasonal characteristics of soil moisture-precipitation feedback in the Yangtze River catchment. Figures from the upper
left corner are March to May (spring), June to August (summer), September to November (autumn) and December to February (win-
ter); # is represented by blue background, and the color depth corresponds to its value; 7 is represented by black circles, and the ra-
dius corresponds to its value
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Table 1. Statistical values of significant lag time for soil moisture-precipitation feedback in the Yangtze River catchment

F 1 KIS TIREE X K R R BEFITRIHE

B2 TR /days /ME SN ¥ FrifE 22 TIHE
HIHARE K - EHeRE 1 20 1.85 3.29 0
HIHH R - BEK 1 20 43 5.94 0
160 160
140 140
120 120
100 100
§ 80 ig 80
60 60
40 40
20 20
0 j 0 LB R - n
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
RBEMES/days BEE/days
(a) BUHIRE/K-T3E B (b) RTHALBRIRRE-PEK

Figure 6. Frequency distribution of significant lag time for soil moisture-precipitation feedback in the Yangtze River catchment
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Table 2. Statistical values of TE/H for soil moisture-precipitation feedback in the Yangtze River catchment
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Figure 7. Frequency distribution of TE/H for soil moisture-precipitation feedback in the Yangtze River catchment
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