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Comparative evaluation and difference analysis of SMOS and SMAP
satellite remote sensing soil moisture products
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Abstract: To compare and evaluate the quality and accuracy of soil moisture data of SMOS (soil
moisture and ocean salinity) and SMAP (soil moisture active passive) remote sensing products, us-
ing the actual measurement of 261 stations from three types of stations in the United States, i. e.,
CRN (climate reference network), SCAN (soil climate analysis network), and SNOTEL (snowpack
telemetry network), the different influencing factors that affect the performance were explored from
the perspectives of the whole and the individual sites. The results show that: 1) When the two satel-
lite remote sensing moisture products are evaluated as a whole or according to sites, SMAP per-
forms better than SMOS. 2) The accuracy of the same soil moisture product varies greatly under differ-
ent land cover types; different soil moisture products have different responses to the same land cover
type. 3) The temperature and precipitation changes under seasonal changes, which affect the accuracy
of satellite inversion. 4) The terrain and altitude changes also cause changes in the inversion level of

satellite products. As the altitude increases, the accuracy of satellite observations decreases. In general,
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there is still some difference between the soil moisture directly obtained from satellite observation and

the station data. In the future, we should further improve the accuracy of satellite observation data.

Key words: soil moisture; satellite remote sensing soil moisture products; comparative evaluation;

difference analysis
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Fig. 1 The map of site location
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Table 3 Average values of indicators under different land cover types
T RMSE ubRMSE MRE NNSE Bias R
WA SMOS SMAP SMOS SMAP SMOS SMAP SMOS SMAP SMOS SMAP SMOS SMAP
1 0.126 0.106 0.090 0.066 0.898 0.887 0.336 0.430 0.004 0.027  0.551 0.664
2 0.185 0.162 0.085 0.053  4.391 3.729 0.303 0.288 0.127 0.122  0.470 0.673
3 0.096 0.080 0.070 0.051 0.504 0.439 0.396 0.461 0. 020 0.044  0.626 0.783
4 0.118 0.112  0.097 0.083 1.957  2.298 0.419 0.469 -0.039 -0.014 0.382 0.512
5 0.124 0.124 0.095 0.070  4.503 5.704  0.315 0.366  0.006 0.022 0.289 0.478
6 0.286 0.136 0.116 0.073 11.656 8.973 0.179 0.227  0.199 0.059 0.460 0.564
7 0.110 0.096 0.094 0.079 1. 650 1.524  0.401 0.482 -0.036 -0.029 0.321 0.478
8 0.077 0.065 0.062 0.049 2.418 2.865 0.372 0.441 -0.002 0.008 0.534  0.632
9 0.093 0.078 0.068 0.054 0.675 0.749 0.396 0.487 -0.036 -0.010 0.617 0.710
10 0.096 0.097 0.073 0.049 1.417 1.847 0.350 0.338 0.014 0.056 0.434 0.679

1) #F%RMSE, ubRMSE, MRE HI1Bias 5.0 5 m¥/m’,



5

T, 4. SMOS Al SMAP T& + 3K 47 fh 5T LT 522 28

17

B iR ZER K, SOEACRAME

ANTR] £ 87K 43 7= ok T[] R A 55 25 Y
Wi 107 AN [) o B 7 55 65 T SMOSS 1Y 52 il 580 R 22K
T SMAP, 7E4 LHIE AT, SMAP AR
WA, Bz A, SMAP FEAE B w5 3 A0 1 X
FERCRE I E , 5 SMOS A f Bt 5 i e
THEERELR,
4.2 ZFHEm

X4 Al AT HR AR TR, 2l 45 4R
T Bifi B5F () A2 AR g T R 1L, O B H B K B
oW 6 FT7R o A H8 AR B S [B] 77 510 2 30 o o] 30
Ak, AE Cui &8 2 ST AR R 9 TR - 0K
G377 i B 2R AR AR B . A b R M
AR PR AR () SRR A

B X T ORI AR 52 . RMSE 5
ubRMSE Wi MR8 fbta 34—k, H R IRk B
b, ARFEPRIG RN R 20N, DA 2R TR
BRI H R . AR ARBR B R T %,
KA T ARG, o Xk, VKR
FFE S AR T TR IR . BRIL =2k, B
HZETARL, PR TR ECE ) 2 00 22 S 2 ] 4
PRk, HZEmF SMOS H SMAP WL 2 BLAH T, 1M

K Z=0F SMAP B AT SMOS. X i, iR Ak
ZRAFAEXT SMOS A LI 5% i 22378 KT SMAP,
AR TR PR TR R S A

Ko 7K ik B TS X6 1 T8 B L 7= A R, 2
Bk & AARRET, FEAREREZ 7 RV S . T
U 18 R A B R e R 2 LK R K A,
Bk o AR A 2 5 AR RS I 2R TR Y, LU
BRI 1) 25 375 TR P B S0 A3 g gl o A
- HEAK 4y 7 S R K R R AR BB — B B
T R R K SR s, - 38K 4 KIS B LK R
FE BT, TR R ORGSR R KRG s i Bl 5 F 2=
S5 A% M X R K B FIRE K B B R R R, R K
ST MR, TEREMBCR L. XEH T,
MK LR, HHERBIE R — R E KR+
B2, R TR AL SRR A A R R B /N T
WBCRTERE, 59CEAAE L, TR M5
RIZM LKy o BRILZ AL, 256 Wik 5t
Prek L B SMOS 7 i TR 4 52 B 7K S 1 B K
7 AR EE TR, AR A K B RE R K R X T
TS OKE A EAT IR N W, AR AT R R
B TR R 2 R ) — R A

———————— SMOS  -------- SMAP [ 7K B --------8MOS ~--------SMAP [ 7K
(@R (d) MRE
= 45 £
g el A g
‘ I pBo = . 30 £
§ il i
0.6 E Lf E o § 15@
~ Y 5 : o & | / o
VI ¢ N ¥ o / J
0.4 LRV \\J \f ﬁ 2 \ Y
¥ = o / e .
04 08 12 04 08 12 04 08 12 04 08 12 04 08 12 04 08 12 04 08 12 04 08 12
2015 2016 2017 2018 2015 2016 2017 2018
(b) RMSE (e) NNSE
= 45 g 45 g
a 1 |
L o018 i E A £
E A g 06 Vg
& ol6 . 5 Y w 5%
= 0.14 0 ¥ Z 05 0¥
@ 012 Z
5 0.10 . ! 0.4 \ ‘ :
04 08 12 04 08 12 04 08 12 04 08 12 04 08 12 04 08 12 04 08 12 04 08 12
2015 2016 2017 2018 2015 2016 2017 2018
¢) ubRMSE Bias
o © I 45 E @ 45 g
E o8 i 0E T o005 A 130 uﬂ%
£ 016 i sz E o000 Vs
i & \ i
2o, 4o & % 20,025 o
5 0.12 D : / 20,050 ’
S 0.10 b X A /
04 08 12 04 08 12 04 08 12 04 08 12 “00757054 08 12 04 08 12 04 08 12 04 08 12
2015 2016 2017 2018 2015 2016 2017 2018
H i H i

4.3 MR 5iBKRIM

X 2% A 3t a5 3 B 4% T i s O 22 1 A 3t P

K6 AR 4 A

Fig. 6 Time series graphs of each indicator

B T), KA HEbRTE A 8 2 2 A

GE— 0 o0 A B o PG 0 AR S T T i DX ) T



18 il R E R (ARREND) (FhdEs0) EXIE
(a-1) R(SMOS) (b-1) R(SMAP)
)
° 0.8 0.8
0.6 0.6
40°N
04 = 04 =
02 02
30°N
0.0 0.0
50°N
40°N B E
& £
= 2
= =
30°N
50°N
& E
40°N 4 &
= =
2 2
30°N
SO°N 0.14
08 o ~
: 3
40°N 0.0 2 g
0.08 3 =
wn wn
0.06 2 3
e e

30°N

50°N

40°N

30°N

50°N

40°N

30°N

120°W

110°W

0.04
0.02

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

NNSE

0.5
0.4
0.3
0.2
0.1
0.0
-0.1

g -0.2 ;
100°W  90°W 80°W 70°W 120°W  110°W  100°W  90°W

K7 AR ) oA A

Fig. 7 The spatial distribution maps of each indicator

Bias/(m* m)

5.

80°W

NNSE

Bias/(m*-m)



5

Tk, 4. SMOS FISMAP TLAE 13K 437 i BT LT 5 2% S 4047 19

Y R 22, PHACAE R AR p il R M e 22,
IS Hiy DX T35 UL I 45 4k v . X AR T fig S HE
I3 A DA R R R B A G ST AR A B L R
Ly Jok R G 5 g ARk 2ek A 7 1 Rk B ST 1 3 o5 P T AR AR
B % M0 v DR PG V{1 b 0 v 958 %25 14 95 L T]
VDA i a5 SO RO B XU, BE A TR
FETFE, TR UL A VR P A . R R

S8 5 SR 25 (1) BT L 7 320 1L Jok RN Rk 4
Ll k35 A Y B s R b e, M3 E R ReS, B
W J5 7K o3 2 B T 39 B, b 3 vy DX o) e 34
B wsh, HEESKEWSZIEm, T4
S AR S BA T Ll B A, o Ak R AR B e F
FK o i B R E .

R E X, R, 7E—Li
e PR XL s O R KR I IS, XY
M) R 2 A AR, TR B TR R R AL
FA L BUR R JG30, e 2  B0T0 B S R A1
A IEAE ) SR R RRIE I T R K A i
FE = R XS A AR BB 2 W R R, BRI Z 4h,
P P T 27 3K B 2 VA L X SMOS 4 48 A 3 B 235
W2, XU, MXFF SMAP LA, SMOS
TAEAMKERELEATRE L Z BB HEMEET
T PR 2%

5 45 &

ASCHT20154E4 71 1 HE20184F 12 A 31 H
WA % [ CRN. SCAN Fl SNOTEL = Fft il 3 [ 2%
9 261 /> 3 i B9S2 R, X FE PR T SMOS Al
SMAP ## 8™ iy H e Sk S5k i Sk B, JF
AN (] A BE A B L SR B 22 S i s o R -, A5 A
TEELR.

1) 5% PR 0L 4= 3K 43 7= b 2E A7 X EE A
i, SMAPZRIIILT SMOS., T3 AWM ) KA 1%
B0 Lb A LR 22, 3X — 5 SMOS B i B i
SMAP # R AE &5 T SMOS., 24 S Szl AT

SE WK

[1] FALLOON P, JONES C D, ADES M, et al. Direct
soil moisture controls of future global soil carbon chang-
es: An important source of uncertainty[] |. Global Bio-
geochemical Cycles,2011,25(3).

[2] DALY E, PORPORATO A. A review of soil moisture
dynamics: From rainfall infiltration to ecosystem re-

sponse [J]. Environmental Engineering Science, 2005,

0. 1~0. 2 m*/m’ Z [a] B, P Ap T3 AL 8 J3% ™ i 28 PN A
fE; 2l 5 S B T 0. 4~0. 5 m¥/m? Z [A] I
SMOS F1 SMAP K Fl 22 i i K.

2) b BT R ISR RS T AL R K 4k
PR R — D EEHF . OF— K55 5 TE
AN [A] b A T SR T A B 22 S AR, TE bR
W MR Y BRI E S . YRR
AV A bl DX YEORG B2 0T 5 @[] 3 K 43 7 i X
T[] ol A b 5 2 AR g o AN [, B X T
SMOS [ AU EL R F SMAP, H SMAP 7EH5 #
T 5 PR e M DX ) B TSR B SMOS BN &

3) ZET AR A [E AR R e R N B S TRORE B
@ WX T R A 5 . AR E
Wi T, LUK URE B ik S8 5, B
%7 TR SOR BE 5 IR AN K R R A X SMOS
LWL A R K T SMAP, S 1 P i T3 8 S
FEEAG R ZE R EE R . @ KK B R K
X T3 AL I 7 A 5w« R K iR R R K H R K
WZnt, T RZIE LA S KR IR T
SRS BEFEAIG s SMOS 7 i 1 1ff M 32 B /K 2 i T
K, TR KSR B RN 3K B B R s X T 8 K
Y v At B T A d R AR R TR B SR
W22 5y oy —EHEE A

4) HIE 53R ARt 25 51 T3 A ™ i I T K
AR o BE R A B v, TR UL A oA
PERRAR, HIR A OFE K G 7K 2 b b2 3 B2 s
FR SN, T K AR L R, Ll AR
PRI B 2 O B R AR . @ W TR 5l 5 45 B 1)
JR A AAAE TR ZEH R E RGN, XS FH+
EERZHNBEFHEBAT, NNFHEERR
BE M BT R O, A B IEE K
UL 25 SN UHER . BRICZ Ab, ARPEA SCE
FEBAE, AT SMAP LA 5, SMOS T2 H#:
RE A RELE + 2 I B E 015 B R @
Wz,

22(1):9-24.

[3] DOUVILLE H, CHAUVIN F. Relevance of soil mois-
ture for seasonal climate predictions: A preliminary
study [J]. Climate Dynamics, 2000, 16 (10/11) :
719-736.

[4] SCHMUGGE T, GLOERSEN P, WILHEIT T, et al.

Remote sensing of soil moisture with microwave radi-



20

ilRezE R CHARERD (Fh3E30)

%61 4

(5]

[7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

ometers[J]. Journal of Geophysical Research, 1974, 79
(2):317-323.
PAUWELS V R N, HOEBEN R, VERHOEST N E C,
et al. The importance of the spatial patterns of remotely
sensed soil moisture in the improvement of discharge
predictions for small-scale basins through data assimila-
tion[J]. Journal of Hydrology,2001,251(1):88-102.
AR XREER . K T RRAIE pth AR A K B 7
LRI LY ] MR, 1992(3) 1 142-145.
ARYA L M, PARIS J F. A physicoempirical model to
predict the soil moisture characteristic from particle—
size distribution and bulk density data[J]. Soil Science
Society of America Journal, 1981,45(6) :1023-1030.
CUI H, JIANG L, DU J, et al. Evaluation and analysis
of AMSR-2, SMOS, and SMAP soil moisture products
in the Genhe area of Chinal[J]. Journal of Geophysical
Research Atmospheres,2017,122(16) : 8650-8666.
AL-YAARI A, WIGNERON J P, KERR Y, et al.
Testing regression equations to derive long—term global
soil moisture datasets from passive microwave observa-
tions[J]. Remote Sensing of Environment, 2016, 180:
453-464.
KERR Y H, WIGNERON J P, DELWART 8§, et al.
The SMOS mission: new tool for monitoring key ele-
ments of the global water cycle[J]. The Proceedings
of IEEE,2010,98(5) : 666—-687.
KERR Y H, WALDTEUFEL P, RICHAUME P, et
al. The SMOS soil moisture retrieval algorithm [1].
IEEE Transactions on Geoscience & Remote Sensing,
2012,50(5) :1384-1403.
KERR Y H, WALDTEUFEL P, WIGNERON J P, et
al. Soil moisture retrieval from space: the soil mois-
ture and ocean salinity (SMOS) mission [J]. IEEE
Transactions on Geoscience & Remote Sensing, 2002,
39(8):1729-1735.
NJOKU E G, JACKSON T J, LAKSHMI V, et al.
Soil moisture retrieval from AMSR-E [J]. IEEE
Transactions Geoscience & Remote Sensing, 2003, 41
(2):215-229.
WANG J R, CHOUDHURY B J. Remote sensing of
soil moisture content, over bare field at 1. 4 GHz fre-
quencyU 1. Journal of Geophysical Research Oceans,
1981,86(C6):5277-5282.
KERR Y H. Soil moisture from space: Where are we?
[J]. Hydrogeology Journal,2007,15(1):117-120.
OWE M, VAN D G A A. Comparison of soil moisture

penetration depths for several bare soils at two micro-

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

wave frequencies and implications for remote sensing
[J]. Water Resources Research, 1998, 34 (9) : 2319—
2327.

ENTEKHABI D,REICHLE R H,KOSTER R D, et al.
Performance metrics for soil moisture retrievals and
application requirements [J]. Journal of Hydrometeo-
rology,2009,11(3) : 832-840.
GONZALEZ-ZAMORA A, SANCHEZ N, MARTI-
NEZ-FERNANDEZ J, et al. Validation of SMOS and
Aquarius soil moisture using two in situ networks in
Spain [C]//2015 IEEE International Geoscience and
Remote Sensing Symposium(IGARSS) :4738-4741.
ZENGJ, CHENK S, BI H, etal. A preliminary eval-
uation of the SMAP radiometer soil moisture product
over United States and Europe using ground-based
measurements [ J]. IEEE Transactions on Geoscience
and Remote Sensing,2016,54(8) :4929-4940.

CUI H, JIANG L, DU J, et al. Evaluation and analy-
sis of AMSR-2,SMOS, and SMAP soil moisture prod-
ucts in the Genhe area of China[J]. Journal of Geo-
physical Research Atmospheres,2017,122(16) : 8650
8666.

Wl , A R i . SMOS L2 3K A de 7= i
o E A X P e [T ], T R BEC R 224l ( A AR
JZ),2015,34(2):287-291.

SE RTINS E STWINY:- e 5o % s o 4R
2% Je FOX L BB A 387K 3 7 i A W) A0 B e 4 SR [T .
T A5 1, 2018,33(1) : 78-87.

FENG X, LI J, CHENG W, et al. Evaluation of
AMSR-E retrieval by detecting soil moisture decrease
following massive dryland re-vegetation in the Loess
Plateau, Chinal[J].
2017,196:253-264.
CUIC, XU J, ZENG J, et al. Soil moisture mapping

Remote Sensing of Environment,

from satellites: an intercomparison of SMAP, SMOS,
FY3B, AMSR2, and ESA CCI over two dense net-
work regions at different spatial scales [J]. Remote
Sensing,2018,10(1):33-51.

JACKSON T J, COSH M H, BINDLISH R, et al.
Validation of advanced microwave scanning radiome-
ter soil moisture products [J]. IEEE Transactions on
Geoscience & Remote Sensing, 2010, 48 (12) : 4256~
4272.

PR iE IR R A, . LU IX B AMSR2 5
SMOS /K 73 7= fit 3 LU BT [T, 8 B AR 5
J1,2019,34(1):125-135.

CHEN Y, YANG K, QIN J, et al. Evaluation of



5

A, A5

SMOS Fil SMAP TV 38K 43 7 5 (AT EE DA 45 22 52430 #r 21

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

SMAP, SMOS, and AMSR2 soil moisture retrievals
against observations from two networks on the Tibetan
Plateau [J].
spheres,2017,122(11) :5780-5792.

Wi P, S, Rl 45 . TR - 3EK 407 i A 75
o D XA R PR A (D). AR A SRR, 2020, 40
(24):9195-9207.

KERR Y, PHILIPPE W, WIGNERON J, et al. The

Journal of Geophysical Research Atmo-

SMOS mission: new tool for monitoring key elements
ofthe global water cycle[J]. Proceedings of the IEEE,
2010,98(5):666-687.

W 9, A, 8T, 45 . SMOS 5 SMAP i Bifif Bt %
2 K R E AT ST LT ] ISR R 5 N AT
2020,35(1):58-64.

KERR Y H, WALDTEUFEL P, RICHAUME P, et
al. The SMOS soil moisture retrieval algorithm [J].
IEEE Transactions on Geoscience & Remote Sensing,
2012,50(5):1384-1403.

KERR Y H, WALDTEUFEL P, WIGNERON 1] P, et
al. The SMOS mission: new tool for monitoring key
elements ofthe global water cycle[J]. Proceedings of
the IEEE, 2010, 98(5) : 666-687.

O'NEILL P, CHAN S, YUEH S, et al. evaluation of
the validated soil moisture product from the SMAP ra-
diometer[ J]. TEEE Transactions on Geoscience & Re-
mote Sensing,2016,98(5):125-128.

BENESTY J, CHEN J, HUANG Y, et al. Pearson
correlation coefficient [M]//Noise Reduction in
Speech Processing. Heidelberg: Springer,2009:1-4.
WANG W, LU Y. Analysis of the mean absolute error

(MAE) and the root mean square error (RMSE) in as-

[36]

[37]

[38]

[39]

[40]

[41]

[42]

sessing rounding model [C]// IOP Conference Series
Materials Science and Engineering, 2018, 324 (1) :
012049.

ENTEKHABI D, REICHLE R H, KOSTER R D, et
al. Performance metrics for soil moisture retrievals
and application requirements[J]. Journal of Hydrome-
teorology,2010,11(3) : 832-840.

STENSRUD E, FOSS T, KITCHENHAM B, et al.
An empirical validation of the relationship between the
magnitude of relative error and project size [ C]//Pro-
ceedings of 8th [EEE Symposium on Software Met-
rics. Ottawa, Canada,2002.

NOSSENT J, BAUWENS W. Application of a nor-
malized Nash-Sutcliffe efficiency to improve the accu-
racy of the Sobol’ sensitivity analysis of a hydrological
model [ C]//Geophysical Research Abstracts. Vienna,
Austria, 2012.

LAUW H W, LIM E, WANG K. Bias and controver-
sy: beyond the statistical deviation [ C ]//Proceedings
of the Twelfth ACM SIGKDD International Confer-
ence on Knowledge Discovery and Data Mining. Phila-
delphia, USA,2006.

X G, kA B bR, A LT R )2 R
TR 8 S A A A2 AR AR A S i [T ],
FEIRE Bk R, 2013(10) : 1677-1690.

SRR, SNENE AR R AR X B I i e
B A3 RO S A (], 1B IR IR, 2004, 8(3)
207-213.

FRESC, B IR . R O LS B A
Rt BT F B TR  [T]. 3B AR SR,
2016,31(3):580-589.

(REHRE FHE)



