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Fig.1 Spatial distribution of soil moisture observation stations and four research regions, as well as land surface types

1.4 IIEFE

AR 2 ( Bias ) , A% 22 (1Bias) , 3105
M1 22 (RMSD) , AHXF 4 75 i % 22 (rRMSD) |, Jo i 44
TR 2% (WbRMSD) 07 2 IR 2 R B (R,) 55
TS RIS AN R ™ S v, A=K

Z (xi _yi)
Bias =~ (3)
n
B
rBias = {as s (4)
x

) (5)

MSD
RMSD =& e (6)

X

wbRMSD = /RMSD® - Bias® , (7)

> (5 - ) (5, - 7)
R = . ()

2 (x, =) (v, =)’

Ao x, B IIIEE (A m'/mY), y, TR
TR EHE (BN . mP/m®) , n BRI R

x iy AR WL 55 77 5 P B, Bias (B4,
m’/m’) Fl rBias( BN . %) FAE T T2 18 B 5 AH
X 45 S I 14 e 25 R JEE , 46 o (I A1 2 ) 3o J
v FEORG FE B 55 5 RMSD (PR . m*/m?) Fil rRMSD (M
D7+ %) FEAE 7= b R Sl UL INARL =2 ) Fr 2 R 38, (i
8N R WA 5 A B A 5 wbRMSD ((FRA
m®/m®) W22 T 8t [ 5 3 IR, R AR i 5
3 3t LI 22 i) ) 72 e A 1) — SO (i /N 36 W00
5 B AR AL R Sz, AHOC R B R, I ZRAE 2
SRR ) A 2R AR DGR B, o4 %o (i vy 2 B 2 25K
i B AR SR | B RN DG R BGE FH TR MEARE

AT A3 AT S R AR T s O A 2%
IR, I T B T7 18R 25 530 T 1k (MSE ) X 7 i i 15
ZEFEAT T o0t , At A AH G ZR BT A 25 1 R g 2
TR Bk 2300 43 S0 X6 107 A S99 7 5 O A 2
T AR S G50 2 W 4 AR DR R 7 i A R
AR



.96 - ERE

2y

8

2024 4F

b

MSE= 20,0, (1-R) + (0, -0,)" +(x-5),(9)

o, = : (10)
z (y; = 9_’)2
o= [ (11)
St o, il o, 43R U (AP 5 b 2 (2
fi: m’/m’) o FEARMR T 65 3l 20 A0 B0 1 kil I

Uk TR SR S R AP SR AR

1) FESGUEXS [0 34 5 B (EL IR, Bk 1 B vl s BT 7 2
B 30T A A PR (LA DA AR X RO PR 32t

2) TES3 B2 (6] 3 A0 R AR B, LRl il a5 8 L
BAEAE BTN RST80T

3) TE 53 B DX 24 0 4 S 38 B ) N (] 35 28
MRS, e 5 ot WL S0 0 T2 e S 3l R A v AR

RIS OB L, TR TR
2 BRE4HM

TEREFRRERENT B D MIFM

B2 /R T 1992—2013 A K Z45 L AR -1
() 1 R B (Y 28 (8] 400, TR TKRSE IR R 152
Wi, e Ah HOE3 T 4—9 H Y 3808 B 50 LA,
T 3 S AR B R IR B T2 1991 4F 8 H 1
$£ 1992 AFAE A IR UE AR ] . DU B Sk
R RO R GRS A A A A A R
ik, E 8 S BARAL T 908 B AE, b sh BdE 7
At VG R XIS A T R R EARI L AP L
M DX N e A AT, Rl G B RS IE T R il e
i R S UL A — e, EL AR H P S i P 22

2.1

0 500 km

0 500 km

(a) B HIL

(b) EZh™

TN

0 500 km

(o) Bish™=hh

0_500km

(e) MIERYREET™

TR /(mPm?)  © [0.25,0.30)
@ [0,0.05) o [0.30,0.35)
® [0.05,0.10) © [0.35,0.40)
@ [0.10,0.15) © [0.40,0.45)
© [0.15,0.20) @ [0.45,0.50)
© [0.20,0.25) ® [0.50,0.55]

B2 1992—2013 £EKFET(4—9F) FHNTEBEENZTES 6 (FES: GS 7(2024)2618 )
Fig.2 Spatial distribution of soil moisture during growing seasons (from April to September) for the period of 1992 to 2013



541 HE

ESA CCI 388 8 7R b [ A 3R I 25 5 TEA .97 .

3. E 4 53518 1992—2013 4 K245 Z4EF
FT00 - SR 7 o 4 Sl ORI 7 i A 22 AT WbRMSE
)zs [\ o34, TS 2, 377 e 4 DIFsEIX Y
AT R R A, P W25 -0.09 m*/m’ 2 47,
FXH R 2529 0 - 36.4% 5 3 30 7= i 19 B 5 Ml 22 0 A
TEAEL AP AL oo X, AH X O 22 43 591 34 31 - 30. 9%
=29.6% , A< AL b DXFNYLIE M X H - 1 35800 1 Ao A%
SRR, AR I 22 0 452 /0N B0E 43 301 Ry - 21. 4% N
-25.8% , WEEhEARE = AEARL ARALRPE AL L X 5

A7 A RN B AR X 22 43 5 39.1%, 7.5% FiI
26.5% ,TEVLUE L DX IARAS T - MR R, RlG 7™
FRELE T (ARG 7™ it il DAAR g b oig i AR b s X T
A6 DX 3 B S ARAG BB S A S A
L0 B 24.3% 1 3.7% . fEARAL TTHEMLIX
Bl sh 7= 0 R 22 B /N T 2 = RS R A AR
BEE B =T 2540 T eI, (B AR G O 25 B9k 2 =
A BT (A4S — B 2R AR LB IX R 5,
RSB S O IR 2SR SRAR I A I A et

N

N

0 500 km Cr BUEN

(b) BB i

KBS,

0500 km 7

PR ZE/(m?-m)
[0.00,0.05)

e <<-0.20
,[0.05,0.10)

B3 1992—2013 £4—9 BIEER~RE

©[0.20,0.15)
©[0.10,0.15)

(d) FEIERIRELS

©[0.15,0.10)  ©[0.10,0.05)
0[0.15,020)  ©[0.20,0.25)

©[0.05,0.00)
©=0.25

MM IREEZE S (FES: GS = (2024)2618 5)

Fig.3 Spatial distribution of the bias of soil moisture during growing seasons (from April to September )

for the period of 1992 to 2013

0 500km o Ko

o TS

0 500 km

(a) EFH™
E4-1 1992—2013 £4—9 ADEERE=mIE

A wbRMSE R =

(b) Bshr™=
SE A6 (FHES: GS 7 (2024)2618 )

Fig.4—-1 Spatial distribution of pbRMSE of soil moisture during growing seasons (from April to September)
for the period of 1992 to 2013
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Comprehensive evaluation of ESA CCI soil moisture data in eastern China
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Abstract; Soil moisture products based on remote sensing are crucial for investigating climatic change and
hydrological effects on a regional scale. However, there is a lack of verification and application of long—term soil
moisture datasets in China due to factors such as inconsistent observation standards and instrument upgrades. Using
the agro — meteorological dataset from the China Meteorological Administration and soil moisture data from the
International Soil Moisture Network (ISMN) , this study constructed a monthly dataset of soil moisture in eastern
China covering the period from 1981 to 2013. Accordingly, this study analyzed and compared the performance of
four microwave remote sensing—based soil moisture products developed by the European Space Agency’s Climate
Change Initiative ( ESA CCI) ; active, passive, combined, and combined adjusted products. The results indicate
that active and passive products underestimated and overestimated soil moisture in eastern China, respectively. The
maximum deviations from active products were found in the northern and northwestern regions, with relative
deviations of —=30.9% and -29.6%, respectively. In contrast, the passive products showed relative deviations of
39.1% and 26.5%, respectively for soil moisture in northeastern and northwestern regions. The combined products
mitigated the underestimation of the active products and the overestimation of the passive product in these regions,
reducing the relative deviations to 24.3% and 3.7% , respectively. Regarding the variation characteristics of regional
monthly average soil moisture, both the active and combined products performed best for soil moisture in the
Yangtze—Huaihe ( YH) region, with the highest correlation coefficient of 0.66. The passive and combined products
yielded correlation coefficients of 0.44 and 0.47, respectively for soil moisture in the northeastern region and
performed poorly for soil moisture in the northern and northwestern regions. The analysis of the variance sources of
the remote sensing—based products indicates that the active products enjoyed more advantages in describing the
evolutionary characteristics of soil moisture, the passive products demonstrated greater accuracy, and the combined
products yielded the highest accuracy overall. Additionally, this study investigated the impacts of changes in the
integrated satellite equipment of CCI on product performance. The results indicate that the active products exhibited
consistent performance for soil moisture in the northeastern and northwestern regions in different periods. However,
passive sensors still exhibited gaps in reproducing the variations in soil moisture. The combined products exhibited
better overall variance than both active and passive products. However, these products yielded comparable
correlation coefficients with the active products for soil moisture in the northeastern and northwestern regions. The
combined products presented no notable improvement after correction, proving that it is feasible to conduct long—
term research using the combined products of CCL. The results of this study contribute to a deeper understanding of
the error structures and characteristics of various satellite product datasets, providing evidence for researchers to
select appropriate data products and conduct research on long time series.

Keywords: soil moisture ; satellite remote sensing; instrument replacement; long time series; ESA CCI; eastern

China; break—adjusted COMBINED product; comprehensive evaluation
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