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Abstract: Land surface soil moisture affects the land-air energy exchange and the water cycle, which is an important factor for
geohazards such as debris flow and freeze-thaw of permafrost. Obtaining soil moisture along the Sichuan-Tibet traffic corridor
corridor contributes to study climate change and the risk of cryospheric hazards along the railway. In this study, CYGNSS(cyclone
global navigation satellite system) GNSS-R(global navigation satellite system reflectometry) signals, combined with land cover,
normalized differential vegetation index (NDVTI), land surface roughness, and other surface soil moisture influencing factors, are
taken as input parameters to the artificial neural network method to establish a multi-parameter inversion model of surface soil

moisture. Then it generates a daily product of surface soil moisture with a spatial resolution of 36 km in the area along the Sichuan-
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Tibet railway for two consecutive years from 2018 to 2019. With soil moisture active and passive (SMAP) soil moisture as

references, the correlation coefficient R of the soil moisture is 0.8, the root mean square error (RMSE) is 0.032 ¢cm®/cm’, and the

Bias is 0.014 cm’/cm’. The soil moisture products could provide continuous and reliable data for the study of climate change and

land surface hazards along the Sichuan-Tibet traffic corridor.
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Fig.1 The study area (a) and topography along Sichuan-Tibet traffic corridor (b) and the surface soil moisture distribution derived
from SMAP in 2018 (c)
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Fig.2 CYGNSS-derived surface reflectivity along Sichuan-Tibet traffic corridor in 2018
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Table 3 Precision statistics of CYGNSS SM compared with

SMAP SM

M ZER RMSE(em’/cm®)  Bias(em?/em?)

2018 (N 25 4) 0.857 0.030 0.016
2019 4 (FU 47) 0.743 0.034 0.010
2018—2019 4F 0.800 0.032 0.014

CYGNSS SM 4 3¢ & % R .\RMSE #il Bias iy 43 fii
0L . N SaH AT LLA H, CYGNSS SM Al SMAP
SM HA5 55 B AR OGP BR T B 32 MR AR LR 43
Hi XA OC R BUIR T 0.6, KR 4r i X R ¥ 3 0.7.
RMSE #4943 4 18 B0 58 7% )11 98 3¢ 38 AR 3 15 26 40 km 3
FEl N CYGNSS SM #8547 , RMSE % 3 ik 7 0.03
cm’/em?, RMSE # K AR 43 A 728 th 22 22 B Fn 2R 0%
FECE 6 M H X Bias B9 4 A ki 1] 5SS 8 JEE 3E
#Ar 28 CYGNSS SM 5 SMAP #] 22 A& K, H 3K A
7 B0 1 H X5 RMSE #5222 (9 Hiu X 28 BL, 7E 31X 46 Hiy
X CYGNSS SM # lt T SMAP SM fiis /r 0.05 em?®/
em’~0.12 ecm®/em’. 8 3145 ok (£ 3) , 2018 4F
CYGNSS SM 5 SMAP SM 1Y 4E ¥ M1 56 2 B

0.857, 4E ¥ RMSE 2} 0.030 cm®/cm®, 4F 4 Bias Ky
0.016 ecm’/cm’, UhBH T IR 25 R R 47  BIRIZE R 5
HAr 28 SMAP AM 2 [0 43 58 8 (i N A7 6 B
32 EBMKRE

2019 4F CYGNSS SM J& i 45 i A I 25 )5 1Y
ANN 8 1500 45 21 9, LA 2019 4E SMAP SM R &
% HM & Z 8 R .RMSE #1 Bias (1 1% % 40 & 6 fir
R 6a BT LA K 4 i DX A1 56 R BU R 1E
0.6 L b, (HAH b T 2018 4F (9 25 5 (18] 5a) B R A1 56
FECR A T REAR A RECR K T 0.4 09 4o X A7 i
" K .RMSE il Bias i 43 1ii A6 L& T 2018 4F 45 fb K
KRB AR Gt 45 R BoR (% 3),2019
4 CYGNSS SM 5 SMAP SM Y 4E 2 /1 56 R %N
0.743, 4 ¥ RMSE X 0.034 cm?®/cm’, 4F 3 Bias N
0.010 cm®/cm®, #H I T 2018 4F , B4R M1 ¢ R 30H A
[ A, {H 15 8% RMSE 1 Bias JC W & 48 4k, 58 9 A< 3¢
K FH ANN A5 R 5 A7 847 1 3 B M, L 100 000 45 S kG
FE B 25 A 2018 4F il 2019 4F () K 56 45 1, LU
SMAP SMAYEHRZ 2%, FAT A= LAY 4 380 B2 7 i AH
K ZHR M 0.800, RMSE 4 0.032 cm®/cm’, Bias 4
0.014 cm®/cm®.
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1 Naqu WL 35 R S0 SM. % B 18] 5 51 LA K 3 0 fY
e A HE R e R A N 7 R Rl LUE L 3 b
SM 19 A8 A AFAE K 3053 oA 5 245 10 R 3R VR 45 3 7 A B
Bt (D TEHSE I (2019—01—01 & 2019—03—24),
+ K A R R ALK A (<20.010 ecm®/em?)
HIEARNE k2 W+ 53R Z PR R KW AF
7E , CYGNSS SM FI I 25 ]+ 43 Wy &, il SMAP
SM 76 VR 45 WA o5l s () AE AR R &5 0, 4—6 T
AT B M T (SM<<0.2) , CYGNSS SM,
SMAP SM HI 52l SM ) B[] 45 bt A Wy &, 5
SMAP SM T { Jiz B b 3% 4 398 00 B 1 Jod 001 08k oy . 3
AB TG, 130 B IF iR 1 m, SMAP il CYGNSS
o B A Al R G T UL A &, SMAP
F IR T AR AE 20194E 6 A 20 H % 2019 4F
7H 22 H B A RELIE (Yao et al.,2021) , H 1
BT — A H A R R A 2S E1 CYGNSS
SM 175 8K fE % $12 136 4 18 9 B 45 L DA % 15 o o &2
PR 8 SR T 3 4 R A i s L, LIRS
i IE H,CYGNSS SM fil SMAP SM ¥ H 512 3]
Bt K, e S S DR e v UL R R R (2.16)
B K TR (1.62) , 78 b 36 + 80 B 4 K9 1% 1l

RMSE | Bias 4r %l 4 0.850. 0.082 cm’/cm® Al
0.039 cm®/em®, i SMAP SM k4 0.931,0.088 cm®/
em’ #1 0.063 em®/em’, SMAP SM 7E Al 56 1 | 5 {);
F CYGNSS SM, {H H: RMSE Hl Bias % I i 22 F 5
# . 41T # bR Bias % M 19 JC i RMSE (unbiased
Root Mean Square Error, ubRMSE) #§ %5 , CYGNSS
SM 1 SMAP SM 4 jll & 0.072 cm’/cm® Fil
0.061 cm’/cm’. CYGNSS [y + 3 {8 J& 7F Naqu 19
RMSE Fl bias fif & , I H A& GEAR 47 b 4 42 2] + 5608
BEM sh A28k, —J7 1 v] BE A& 1 F CYGNSS W45 il
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8B N, 78 J5 22 B i 5 vh AT DL 25 R hn <A K SC
PRI 3R DA B A AR 1Y) 80 28528 Ak Tl s8R

e

AL CYGNSS 23 GNSS-RG5 R A
TR M4 @S T CYGNSS Hi % + HEWE 5 %
AR RY | AE BT )1 S AC 38 JER G 7 £k b X 2018—2019
A 2 AR 1 M 3% 1 BV BE 7 CYGNSS SM, H
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R .RMSE # Bias 43 4 2 0.800. 0.032 c¢m’/cm®
0.014 em®/cem?®, Ui B TR AT A9 £ 698 7= §h 5 SMAP
SM B4 8 454 B Naqu 520 + 5898 B 1 46 56
50 o, CYGNSS SM 5 52 4 3 18 B i AH OC 3=
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