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Abstract: Cosmic-ray neutron sensing ( CRNS) can monitor soil water content (SWC) in the 100-meter scale source area,
but its applicability and accuracy in the loess hilly-gully region with complex terrain require validation. In this study, a
typical sub-watershed in the loess hilly-gully region was selected as the research object, and CRNS was used as the
technical means. Twelve large-scale distributed oven-drying method measurements (0—350 m) were carried out in 2018—
2019. Firstly, we analyzed the characteristics of soil moisture changes in the whole study area and gully region during the
study period; then, according to the soil moisture content obtained by three weighting methods ( dynamic weighting, average
and uniform weighting) was calibrated to the N, value to assess the measurement footprint and accuracy of the CRNS method
in the loess hilly -gully region; and we analyzed the stability of the continuous CRNS-inversed soil water content ( SWC)
and its responsiveness to rainfall events by comparing them with the continuous monitoring data of the time-domain
reflectance (TDR) method. The results showed that the average SWC of the whole study area measured by the oven-drying
method was smaller than the average SWC of the gully region, and both of them have the same trend of change; the average
values of the horizontal footprint radius and the vertical footprint of the CRNS method were 336.0 m and 23.4 cm,
respectively, and the horizontal footprint varied steadily under the influence of air pressure, while the vertical footprint
showed obvious fluctuation according to the distance from the center of the instrument and the soil moisture condition; the
R’ of the linear fit between the CRNS method and the oven-drying method was greater than 0.9, and the RMSE was in the
range of 0.027—0.037 ¢m’/em’, which indicated that the CRNS method was able to accurately measure the soil moisture
content of the region in the loess hilly-gully region. In terms of stability, the trends of regional CRNS-inversed SWC and the
average soil water content at 20 ¢cm depth in the gully region obtained by the TDR method were identical except for the
winter freezing period, and both of them responded significantly to the precipitation process, and the sensitivity of the CRNS
method was better. In conclusion, the CRNS method, with its large-scale coverage, non-destructiveness, and adaptability to
loess texture and topography, can accurately and reliably measure the average SWC at the hectometer scale in the loess

hilly-gully region, and can make up for the deficiencies of the traditional point-scale and remote sensing methods.

Key Words: cosmic-ray neutron method ; soil moisture; loess hilly and gully area; watershed scale
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Fig.3 Variation in the horizontal footprint radius for the CRNS method during observation period
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Distance from CRNS Representative area Weights Distance from CRNS Representative area Weights
25 0—50 54.96% 175 125—262.5 16.35%
75 50—125 24.16% 350 262.5—350 4.53%

3.2.2 e E I Rl 5 A E A

MR A3 A R FERAS SWC B A 20 (5) T AT AT, CRNS A3 5 8 32 Fifi B 5 A28 oo O 7 B TSR B s
Y K AR S B B S R Bk (1 4) o BRI B B AR BRE  SWC BRI, CRNS (90 5 % B
TR OB B AR 0 25 m #1350 m &b, PRI R 27.6 em J/NE 19.4 em, % 2) , BANFFE X A CRNS
(18T 241 00000 s VR R AR A A 2 (4) T S5 R IR BEAE 16.4 em (2019 4F 9 H 15 H,SWC=0.2716 cm’/
em®) F131.2 em (2019 4E 8 J 16 H ,SWC=0.1030 em®/cem® ) Z 0] 7254k, A5 1 P H 0 23.4 em,

K2 CRNS MUERESWESS
Table 2 Measuring depth and weight distribution of CRNS
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PE CRNS [ & FREEX I . . 2 R IUE Weights
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water content/
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(em’/em”)
25 0—350 0.1849 27.6 59.64% 28.88% 11.48%
75 50—125 0.1942 22.9 67.27% 28.14% 4.59%
175 125—262.5 0.1678 21.2 70.55% 27.51% 1.94%
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