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Estimation of subsurface soil moisture in China based on
exponential filtering method

TIAN Jing
(Institute of Geographical Sciences and Natural Resources Research, Chinese Academy of Sciences,
Beijing 100101, China)

Abstract Microwave remote sensing technology is able to realize the observation of regional-scale surface
soil moisture, but the deep soil moisture is more closely related to ecological, hydrological and agricultural
fields. How to estimate deep soil moisture from surface soil moisture is still a scientific problem to be solved.
This study utilized multi-layer soil moisture data from 2 121 soil moisture observation stations across China
(Data do not include those of Hongkong, Macao and Taiwan region. The same below) and investigated the
application of the exponential filtering method. Based on 10 cm soil moisture data, the exponential filtering
method was applied to estimate soil moisture at depths of 20 cm, 30 cm, 40 cm, and 50 cm, respectively.
The results show that: 1) With the increase of soil depth, the estimation accuracy of exponential filtering
method gradually decreases. The median values of NSE (Nash efficiency coefficient) are 0. 76, 0.54, 0.39
and 0.28 corresponding to the four depths, respectively. The median values of R* (determination
coefficient) are 0.86, 0.73, 0.64 and 0.59, respectively, and the median values of RMSE (Root mean
square error) are 0.023, 0.027, 0.028 and 0.028 m®m?®, respectively; 2) It is feasible to estimate
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subsurface soil moisture from the median value of the calibrated T, especially for shallow soil moisture (such

as 20 cm) estimation. Compared with using calibrated T value, NSE difference is less than 0.05 at 93%

sites and RMSE difference is less than 0.001 at 82% sites; 3) The better the correlation between surface

and subsurface soil moisture, the higher the estimation accuracy of exponential filtering method. The above

results suggest that the EF method has good performance in China. Supported by a large number of

measured data, T values of 2, 5, 10 and 14 d corresponding to the depths of 20, 30, 40 and 50 cm,

respectively, can be used as references in China when using the EF method with 10 cm soil moisture.

Keywords surface soil water content; subsurface soil water content; exponential filter method; China; soil

moisture sites
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Fig. 2 Calibrated T values (a) and their Nash efficiency coefficient (b), root mean square error (¢) and determination coefficient

(d) for the estimated soil moisture compared to observed values at different soil depths
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Fig. 4 Distributions of T values corresponding to the four geographical regions at different soil depths
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Nash efficiency coefficient (a) and root mean square error (h) comparing deep soil moisture estimated by median (T4,

and calibrated T values (T,,) to observed soil moisture values
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Table 1 Proportion of the number of sites within different segmented ranges relative to the total number of sites of the differences

in Nash efficiency coefficient and root mean square error between deep soil moisture estimated by 7" median and calibrated T values

compared to observed values
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. . Absolute value of NSE difference Absolute value of RMSE difference
Depth of soil layer Region
0~0. 01 0~0.05 0~0.1 0~0.001  0~0.003  0~0.005
e 53 93 97 82 96 98
T = 5 59 96 97 86 97 98
20 T KX 55 93 97 82 95 98
TRAETRIX 46 88 96 73 94 98
Bty /W 22 UK 52 94 98 83 96 98
e 36 79 90 72 91 95
TR = 5 36 79 87 65 86 91
30 T KX 39 81 91 75 91 96
TR RIX 30 77 87 66 91 95
Pty /W B 22 UK 34 78 89 72 90 95
e 30 71 84 68 88 94
T = 5 31 71 81 63 83 92
40 T KX 35 76 87 72 90 95
TR RIX 30 70 84 69 87 95
Pty /W 22 UK 25 65 81 64 86 93
e 28 67 79 67 87 93
T = 5 22 61 78 62 85 92
50 TR KX 32 74 85 72 90 95
TRApEFRIX 26 70 82 64 87 92
Bty /W B 22 UK 23 58 71 61 84 91

I g R E & R B, TR,

Note: Data do not include those of HongKong, Macao and Taiwan regions. The same below.
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