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Applicability evaluation of satellite soil moisture products in Qinghai-Tibet

Plateau
CHEN Hongyu, WU Jing " ,LI Chunbin, LI Zheng, QIN Gexia

College of Resources and Environmental Sciences ,Gansu Agricultural University , Lanzhou 730070, China

Abstract: In order to analyze the reliability and applicability of soil moisture products in the Qinghai-Tibet Plateau,the soil
moisture data measured at a depth of 5 cm below the ground in the Qinghai-tibet Plateau were used. Combined with a variety
of evaluation indicators including Correlation Coefficient R, root mean square error ( RMSE) , Bias and unbias root mean
square error ( ubRMSE) , this paper conducted researches on the applicability of soil moisture active-passive detection
satellite (SMAP) , advanced microwave scanning radiometer 2 ( AMSR2) and Fengyun-3B from two aspects of time and
space. The results indicated that (1) all kinds of soil moisture products could reflect the changes of soil moisture in the
Qinghai-Tibet Plateau. In the season with more precipitation, the accuracy of the three kinds of soil moisture products
decreased to different degrees. (2) The inversion effect of soil moisture products in summer and autumn was better than that
in winter and spring, and it was closer to the measured value in autumn. Among them, the SMAP could reflect the seasonal
variation trend of soil moisture in all regions, while generally overestimated it in summer and underestimated in winter; the
AMSR?2 underestimated soil moisture in summer and significantly overestimated soil moisture in winter; FY-3B generally
underestimated soil moisture in summer. (3) The results of soil moisture products inversion were good in Naqu and

Shiquanhe areas. The correlation between the soil moisture products and measured data was the highest in Naqu; while in
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Maqu, the correlation coefficient was higher, but RMSE and Bias were also higher, the overall accuracy was poor. The
SMAP met the target accuracy in the Ngari region. To sum up, the inversion results of SMAP products were relatively stable
in the Qinghai-Tibet Plateau, and were less affected by climate and environment, with the relatively large R and small

RMSE and Bias.
Key Words: soil moisture; Qinghai-Tibet Plateau; satellite remote sensing soil moisture products; applicability
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Fig.2 Time series plots of soil moisture products in Naqu observation network
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Fig.3 Time series plots of soil moisture products in Maqu observation network
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Fig.4 Time series plots of soil moisture products in Ngari observation network
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Table 1 Statistics of soil moisture network measurements and products estimated soil moisture
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Fig.5 Time series plots of soil moisture products in Shiquanhe observation network
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Fig.6 Scatter plots of soil moisture products in Naqu observation network
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Fig.7 Scatter plots of soil moisture products in Maqu observation network
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Fig.8 Scatter plots of soil moisture products in Ngari observation network

3.3 DA EHOKS RS RS

KT 2 AT SR G 7 T R D X T T DA A SBEK 43 i 0 R R B8] A TR
PR 0 R 37 (-5 e T S A A R BRAIE | 20T B/ 4377 o 7 e e e DX P ) - 8K 3
il 25 RN 2 iR, o SMAP 7 5l B 13K 43 BB B 0.02—0.5 m®/m’ 7675 98 i SR b X > 1 38K
G377 AEAE 0.02—0.18 m®/m’ Z [A] ], 5 b T8 S AR AR SCHERLLF R ©4 0641, Bias 7 0.017 m*/m”* | B A4
THEIKSF . SMAP P72 7E 0.34—0.5 m’/m* Z [A] 0, 5 SEMME AR SRR 22 R 77 0.238 ,RMSE KT 0.1 m*/m’,
HARKI Fulw 2, B8 S AG T H3HEK 4y,

FY-3B 7 1) £ HOK BRI S 0—1 m*/m? , 7675 98 = R A5 9 XIS FELA 0.07—0.5 m*/m”, 24 FY-
3B 7= A EEAE (0.07—0.21) m’/m’ B, 76 75 5 o JA 9 S RS 4 v, B R o4 0,771, Bias 47 0.001 m*/m’*, FY-

http ; //www.ecologica.cn



9204 A EF E MR 405
025 - 025 ¢
~ THEL [Z2508
£ 020l 020 |
E .t .
3
25 015} 0.15
B2
H g . :
H= 010 B ade i 0.10 | pasi, o5 A
ek F #aoe s -
= 0.05 L « SMAP o5l LA - + SMAP
2 0 . FY-3B : AMSR2
“ AMSR?2
0 1 1 1 1 ) O 1 1 1 1 )
0 0.05 0.10 0.15 0.20 0.25 0 0.05 0.10 0.15 0.20 0.25

S 135K 43 In situ soil moisture/(m?/m?)

B9 IR LEKS - RmBRE
Fig.9 Scatter plots of soil moisture products in Shiquanhe observation network
3B 77 BEAE 0.35—0.5 m*/m* i, R 2y 0.638 , H5 5L 2 AR MY i 22 , Bias J-0.065 m’/m*, B 12 &5 il
KT
F2 TEKSFREREES TR

Table 2 Analysis of the applicable range of soil moisture products

H IR BEE AHIC R B By HiRZE i 2
Soil moisture products Range of value/( m*/m™) Correlation coefficient RMSE Bias
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Table 3 The comparison of soil moisture products in different area

IR Gy WL ) R HHE R B ¥R 2 i 2% Z:7% 3CHk
Soil moisture products Networks Surface type Surface type RMSE Bias References
SMAP piil i 0.816 0.066 -0.019

FY-3B 0.750 0.116 0.072 [38]
AMSR2-JAXA 0.718 0.168 -0.087

SMAP e T B e R 0.670 0.040 -0.013 [19]
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(2) AR SCER I ] P21 P ol LA HY TR 30K 50 7= i BE RS R 107 [/ (9 224k, I HLAE Bk AR 2 9 2= 1
HEE T SRS S E = TS E RS B0, b SMAP B A8tk is IR BN, Bk 5 30K 43 2 (4 45 % )
AT 2R, K R EE ISR 208 B SR AR A A e, i L, fRipo /8RR RE S ke SRR T LJHDK B9 - 30K
G, IR G R 2R RS 1 2B TR, SCAEN T RS SR AW L L I B 1Y 25 T i K
Sr BRI AR R AR SRR S i — JZ R RS K Y R A TR L A AR Y R
IR BE AR MR AR (0—5 om) HEZAEHRSK O TR IEE B9, 19 S INMELA HE S R A 2 B3R 2 9 30K o, IR e
SMAP X 7K S I3 B R SRR, A B R Kot REAS 5 D B E 1284k

(3) NZ1R T, SMAP 7= fh 52 =T R B/ RERS I W+ 5K I RE T AR Ol . FY-3B i fE R %
FIRK 2 O ROCR B AR B RAR R B L . TEARIMBIX. FY-3B FHUVEUE 5SS E AR s, 735 il X
FRR i, B ARG T 3K o), e BRI X TR AR R S S AR A — B, AMSR2 7 i
28 AT BRI/ A REABEAS 1) 2 e 138K 43 1 B 25 A8 Ak, 3 55 Bl 055 2 % AMISR2 19 JAXA 7 i 46 TIE 25 SR AH
L, I ELAER A0 9 A Z2 AN Z 0t e 1, ARG T 3K a0 ZE R M IX BT 2 B i 4 R, X
T H T T R e S DXt AR | ORI AR T RES IS, 0 M X W vk S B, JC A T LA SR TR 4 2 G
B HOK T, BFEZRTRAE R, T ORI EH LT, RS2 FKRN , HHOK 2 RFEE BT, 50K
T3 SO BORE o BKEE K o A W TR A T | K 3 i AR S A R AR E (BT
R S50 i X AR 52 7 R R K M ROR D, 30K 37 dh s B A B G

5 #ig
AHFZERIF 2015 46 9 H—2016 4 8 H 7 5 i J5 WL ] () S ) + e K 43 8088 5, 2 B VB T SMAP |

http ; //www.ecologica.cn



9206 JAE = 40 4

AMSR2 \FY-3B 387K 737 S #E 75 i e Jit e At 1 R v, 5 2R 3R

(1) H 5K 7= 5 0 SO ECR A R I B 22 57 e B MBI TA MR, SMAP 7= @44
SR X140 £ % 52 Wk - 398 7K 43 (4 25 AR AR 34 FY - 3B 77 i 2 35 UL Do Bk 2 i Ay 75 2 R 214 387K 4
AMSR2 77 ity 7 T i R gl SO0 A £14) 48 2 i Aty 25 IR 2R Aty 398K 4, 74 ] EEL R0 S 3 SR 00 oA %) B2 2 v £
+ 3Ky

(2) FHEIK G 7= 5 B B THORG B 52 B R K A R2 IR, = Fh - 37K 40 77 i 5 [ K I A AR Al fa 3 3 AR — 350, 1
X RCRE SR B 7, erf SMAP 7 6] B K B A fURK AR AR K, FE R K R 2 1 24T I B A T
+ 3Ky,

(3) FERLYE R BE 25 (14 DX 35, SMAP 9 Z IO T oAb R b 7= i 5 7 bR S 40 s 7 55 50 1R A1) IX 3 = 7k
PR R RS B AT, BV R SMAP 72 5 S0 - 398 /K 43 A Sk fede | I TS B e v , I LR B 2 B
T HUOE FY-3B 77 i, FEAE 8 i AR X B AT, O HL AR B T 300 ; AMSR2 7™ ity EVAOKS B2
AN IF H I A S AR

2 2% L Hk ( References) ;

[ 1] AJkiE, sk 8. RHOKMEEEN ATk, K AR, 2007, 27(4) : 107-113.

(2] #hdde, PR, TEAZE, G0, REL. Wl SOsREg X H 90K gaR. TR SR . HiBREER, 2007, 37(S1) : 155-159.

[3] #k, BMES, Z/ME, , . KRR AT Y Bk . AEAS AR, 2010, 30(22) : 6264-6277.

[4] mlg, EAR, AL, CE. Muf" R R A . SRR SR, 2001, 16(2) : 97-102.

[5] %k, #E22, Mg SMOS L2 8K 8is = Sre R A X A I, TR B T oR2E 254k . FHARBIARR, 2015, 34(2) . 287-291.

[ 6] [, winkE, BEL, M40, 220, R0 50K o M w2 K 0wt Lok BE 38K 40 7= S P B B 45 1. @ IR 50, 2018,
33(1); 78-87.

[ 7] #R876, SB4ER, TONR. Wahiisas B 50K R ITS . IR 50, 2005, 20(1).49-57.

]

1 RRA, BRIORT, R, BRI, KGR, SREEE. M ) iﬂl&‘zgﬂtﬂﬁﬁﬁAﬁ{,ﬁii&%m . HERBLEIEE, 2000, 24(7) : 769-775.
(9] 7, Fb, X187, B, MAZs. ROk BRI, 2484, 2019, 39(13) : 4615-4626.

] R, TREAR, RO, EWSIBGR A AR X K I T A IR, E A ROl AE R, 2011, 19(5) ¢ 1162-1167.

] Wigneron J P, Kerr Y, Waldteufel P, Saleh K, Escorihuela M J, Richaume P, Ferrazzoli P, De Rosnay P, Gurney R, Calvet J C, Grant J P,
Guglielmetti M, Hornbuckle B, Mitzler C, Pellarin T, Schwank M. L-band microwave emission of the biosphere (L-MEB) model: description and
calibration against experimental data sets over crop fields. Remote Sensing of Environment, 2007, 107(4) : 639-655.

[12] ZengJ Y, ChenK S, Bi HY, Chen Q. A preliminary evaluation of the SMAP radiometer soil moisture product over United States and Europe using
ground-based measurements. IEEE Transactions on Geoscience and Remote Sensing, 2016, 54(8) : 4929-4940.

[13] Fujii H, Koike T, Imaoka K. Improvement of the AMSR-E algorithm for soil moisture estimation by introducing a fractional vegetation coverage
dataset derived from MODIS data. Journal of the Remote Sensing Society of Japan, 2009, 29(1) : 282-292.

[14] Owe M, De Jeu R, Holmes T. Multisensor historical climatology of satellite-derived global land surface moisture. Journal of Geophysical Research .
Earth Surface, 2008, 113(F1) . FO1002.

[15] ShiJC, Jiang L M, Zhang L X, Chen K S, Wigneron J P, Chanzy A. A parameterized multifrequency-polarization surface emission model. IEEE
Transactions on Geoscience and Remote Sensing, 2005, 43(12) ; 2831-2841.

[16] Jackson T J, Cosh M H, Bindlish R, Starks P J, Bosch D D, Seyfried M, Goodrich D C, Moran M S, Du J Y. Validation of advanced microwave
scanning radiometer soil moisture products. IEEE Transactions on Geoscience and Remote Sensing, 2010, 48 . 4256-4272.

[17] Al-Yaari A, Wigneron J P, Ducharne A, Kerr Y, De Rosnay P, De Jeu R, Govind A, Al Bitar A, Albergel C, Mufioz-Sabater J, Richaume P,
Mialon A. Global-scale evaluation of two satellite-based passive microwave soil moisture datasets (SMOS and AMSR-E) with respect to Land Data
Assimilation System estimates. Remote Sensing of Environment, 2014, 149. 181-195.

(18] ZFEFihA, )k, MoAF, skEPSEL, WEGIH. WU X IR AMSR2 5 SMOS +-HE/K 43 7= i %t UBIFST. AR 5, 2019, 34(1) : 125-135.

[19] ChenYY, Yang K, QinJ, Cui Q, Lu H, La Z, Han M L, Tang W J. Evaluation of SMAP, SMOS, and AMSR2 soil moisture retrievals against
observations from two networks on the Tibetan Plateau. Journal of Geophysical Research: Atmospheres, 2017, 122(11) : 5780-5792.

[20] CuiCY, XulJ, Zeng J Y, Chen K S, Bai X J, Lu H, Chen Q, Zhao T J. Soil moisture mapping from satellites: An intercomparison of SMAP,

SMOS, FY3B, AMSR2, and ESA CCI over two dense network regions at different spatial scales. Remote Sensing, 2018, 10(1) . 33.

http ; //www.ecologica.cn



24 HA FRiAR 45 TR 5K o0 7 il 16 7 e e D e IX. A P A 9207

[21]
[22]
[23]
[24]

[25]

[26]

[27]

[28]

[29]
[30]

[39]

[40]

[41]

AR, BRI R K Y LB BOR R JR Rk S . MR 24 HE R, 2018, 37(2) : 198-213.

EH, TR, . HLER L B R ST RO SO R R K Y. RIEREOR S, 2017, 32(2) ¢ 185-194.

WRRL, gk, SRR IMIS, AREAE. BT TR SR BORIFE AT C 7 R e D S R R DAL . M3 A R 2018, 73(9) ¢ 1778-1791.
Xk, KEABH, ML, FEEM. 50 AR R R R R R S I N S (B A A R 2 AR AR AL T, P E RN HiERELE 2013, 43
(10) : 1677-1690.

WRRRL, sk, IMIS, KT, RF, KM, WEE. 55 R KA S KRR R Bl b EEE R, 2019, 74(3) -
520-533.

Su Z B, Wen J, Dente L, Van Der Velde R, Wang L., Ma Y, Yang K, Hu Z. The Tibetan Plateau observatory of plateau scale soil moisture and
soil temperature (Tibet-Obs) for quantifying uncertainties in coarse resolution satellite and model products. Hydrology and Earth System Sciences,
2011, 15(7) : 2303-2316.

Su Z, De Rosnay P, Wen J, Wang L, Zeng Y. Evaluation of ECMWF's soil moisture analyses using observations on the Tibetan Plateau. Journal of
Geophysical Research: Atmospheres, 2013, 118(11) : 5304-5318.

Dente L, Vekerdy Z, Wen J, Su Z. Maqu network for validation of satellite-derived soil moisture products. International Journal of Applied Earth
Observation and Geoinformation, 2012, 17; 55-65.

MR, LT SMAP S B 0 LUK R ATR [ D], KE: EHORF, 2018.

Entekhabi D, Njoku E G, O'Neill P E, Kellogg K H, Crow W T, Edelstein W N, Entin J K, Goodman S D, Jackson T J, Johnson J, Kimball J,
Piepmeier J R, Koster R D, Martin N, McDonald K C, Moghaddam M, Moran S, Reichle R, Shi J C, Spencer M W, Thurman S W, Tsang L,
Van Zyl J. The soil moisture active passive (SMAP) mission. Proceedings of the IEEE, 2010, 98(5) ; 704-716.

Das N N, Entekhabi D, Njoku E G. An algorithm for merging SMAP radiometer and radar data for high-resolution soil-moisture retrieval. IEEE
Transactions on Geoscience and Remote Sensing, 2011, 49(5) . 1504-1512.

Zeng J Y, LiZ, Chen Q, BiHY, QiuJ X, Zou P F. Evaluation of remotely sensed and reanalysis soil moisture products over the Tibetan Plateau
using in-situ observations. Remote Sensing of Environment, 2015, 163, 91-110.

Rlivge, SEHRER, 5K, MR, “EUERE. AMSR2 LUK ™ e RIS b LA SIE. SERECR SN, 2017, 32(2) ; 324-337.
M, SEHRUE, I, BN, A AMSR2 A1 MODIS i i - HEVRRIAR AR K e RUBE D7 . BIRSE AT, 2014, 18(6) ¢ 1147-1157.
TTEL, B, SRS, T X FY - 3B (R K S RS TR X BRI, 2018, 32(4) : 132-137.

SN, EEDE, B, 200, X, FEE, |, B, WA, 2N RERRSEGE R 6 BV I IR, 1B
&, 2015, 19(1): 75-92.

SRABNAE, INEIVE AR B AR RN B S IO R - K A3 RO A ST . 38 A, 2004, 8(3) : 207-213.

LiuJ, ChaiLN, LuZ, Liu SM, QuY Q, Geng D Y, Song Y Z, Guan Y B, Guo Z X, Wang J, Zhu Z L. Evaluation of SMAP, SMOS-IC,
FY3B, JAXA, and LPRM Soil Moisture Products over the Qinghai-Tibet Plateau and Its Surrounding Areas. Remote Sensing, 2019, 11(7) : 792.

Zhang L H, He C S, Zhang M M, Zhu Y. Evaluation of the SMOS and SMAP soil moisture products under different vegetation types against two
sparse in situ networks over arid mountainous watersheds, northwest China. Science China Earth Sciences, 2019, 62(4) : 703-718.
LuZ, Chai LN, Liu SM, Cui HZ, Zhang Y H, Jiang L M, Jin R, Xu Z W. Estimating time series soil moisture by applying recurrent nonlinear

autoregressive neural networks to passive microwave data over the Heihe River Basin, China. Remote Sensing, 2019, 9(6) . 574.

ERE, WA, BUR. TRXHMR LSBT R T . B AEE. B S H, 2016, 31(3) : 580-589.

http ; //www.ecologica.cn



