R E AR5 (Chinese Journal of Agrometeorology ) 2020 4

doi:10.3969/j.issn.1000-6362.2020.08.006
LD RWFTE, 28,55 N S X FY-3B/3C i 3B I8 - 358 /K 20 Bl 77 i (K Bl 55 PEAR D7 7P BRI < 52,2020,41(8):529-538

NERHHEX FY-3B/3C filI2 B Tk S8R~ & 51T

20K, RgE', ZEB'T, BER, 2477
(1. WZEEABRRAESERISG 0, AR 010051; 2. WFEARNKFEIESHEYE, dbaT 100193)

BE: LKy RSN E RENEBLGT Y, KSR K RN SR A E TR .
55k UGORIA B, 3B BB RS B i b B N X slA b 3K AR A . JET 2018 SEAEYIZE K (5-10 D
SR pi R (0-10em) 37K 7312 HOWLI BEk), 32 55 A0t i 0 RHI 2= — 2501 FY-3B FH3U S, FY-3C
FHUFEEL. AMSR2, SMOS A LK 77 5, SRR TR IS . o SR L InBCE 387554 FY-3B FF
BUBERL. FY-3C THIVBR™ SBER AT RS, ARG R BEN LR LG R B FY-3B/3C Bdiite, X Leitpr
AMSR2. SMOS. FY-3B/3C 7E N Z X il 1tk &5 R0 FY-3B FHHU/BEHL. FY-3C FHU/BEHL H ()
(EcE T ), S A4 a4 5 1 FY-3B A FY-3C 3o i 0 B2 0y, A BENLAR AR B il &
TE ) FY-3B/3C Hdi = it i A9 30 2 42 Tt e =R i 25 X (ZRAEHD, SMOS. AMSR2. FY-3B/3C
SANEE P FY-3B/3C BdE AT SMOS T AMSR2. #44KKE, SMOS 7 AN 52 vh R 4 /i i b (X
TG PR, AMSR2 754 X MRS 22, FY-3B/3C 164X 0 H P i 4F

K$IE: FY-3B/3C; T8K7r; Hdlmh s il &k

Data Fusion and Evaluation of Soil Moisture Products from FY-3B/3C Microwave
Remote Sensing in Inner Mongolia
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Abstract: Soil moisture is one of the most important components of land-atmosphere coupling system, and soil
moisture monitoring plays a significant part in climate, hydrology, and agriculture. Active microwave and passive
microwave are two basic microwave approaches which are used to monitor soil moisture. As of now, the passive
microwave method is widely used due to its longer wavelengths and stronger penetrating power. It was considered
that the passive microwave retrieved method could work well in effectively monitoring spatial and temporal changes
of soil moisture in large-scale areas. However, the data retrieved by satellites needs further evaluation and
verification. At present, various microwave methods have been proposed for soil moisture retrieve, and a number of
corresponding soil moisture products have also been published. Compared to station-based data, remote sensing data
can better reveal the dynamic change of soil moisture in a certain region at grid points. Based on the observed data of
station-based soil moisture at the upper soil layer (0—10cm) during the growing season (May—October) in 2018, this
paper collected and examined the remote senescing datasets from FY-3B, FY-3C, ASMR2 and SMOS which were
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consistent with the station-based data in time and space. Furthermore, the applicability of FY-3B/3C fusion in
different regions of Inner Mongolia was evaluated, which may provide a reliable scientific basis for the application
of soil moisture products based on Fengyun Satellites and other related researches. The ascending and descending
data of FY-3B and FY-3C were fused respectively by employing weighted average method. In order to evaluate and
compare the applicability of remote senescing datasets from AMSR2, FY-3B/3C and SMOS in Inner Mongolia,
FY-3B/3C datasets were then formed by random forest method. The results showed that daytime data were of better
quality than night data of FY-3B ascending/descending and FY-3C ascending/descending. The data quality of fused
FY-3B and FY-3C processed by weighted average method exhibited no significantly improved. And the data quality
of FY-3B/3C products formed by random forest models was significantly enhanced. In the rainy season of high
vegetation coverage area (NE), the quality of FY-3B/3C data products were better than those of SMOS and AMSR2.
Overall, in Inner Mongolia, SMOS is more applicable in Middle (M) and Southeast (SE) regions, AMSR2 has poor

applicability in the whole region, while FY-3B/3C performs the best.
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Fig. 1 Distribution of meteorological stations and research
subregions in Inner Mongolia Autonomous Region
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Fig.2 Correlation analysis of soil moisture between the ascending(a) and descending(b) of FY-3B(1) and FY-3C(2), equally—
weighted fused value(c) and observed value in corresponding station in Inner Mongolia during May to October, 2018
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Fig. 3 Correlation analysis of soil moisture value of FY-3B,

FY-3C and observed value in corresponding station in Inner
Mongolia during May to October, 2018
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Table1 Related analysis of 0—10cm daily soil moisture between derived remote sensing and observed in each subregion during

May to October, 2018
X3, Bl ke AHIEFRAL By R % AFX i 22 3l R SR TT UL A 2L
Subregion Data source R RMSE (cm*-cm™) BIAS (cm*cm™) Match number of station and pixel
%44t North-east ~ FY-3B, JI%)L Ascending 0.25" 0.152 0.093 474
FY-3B, [4% Descending 023" 0.169 0.109 281
FY-3B 0.26" 0.158 0.102 547
FY-3C, JHL Ascending 0.19" 0.169 0.106 383
FY-3C, [4% Descending 023" 0.159 0.099 434
FY-3C 0.25" 0.164 0.109 543
FY-3B/3C 048" 0.051 —0.038 604
AMSR2 - - - }
SMOS 0.18" 0.089 —0.056 764
%<F South-east  FY-3B, JI%/L Ascending 0.82" 0.044 0.020 1511
FY-3B, [4% Descending 0.84" 0.057 0.039 1319
FY-3B 0.84" 0.047 0.026 2025
FY-3C, JHl Ascending 0.84™ 0.056 0.030 1437
FY-3C, [4% Descending 0.84" 0.041 0.023 1481
FY-3C 0.87" 0.040 0.022 2041
FY-3B/3C 0.96" 0.010 —0.004 2149
AMSR2 0.09 0.109 —0.063 1780
SMOS 0.58" 0.076 -0.103 1501
138 Middle FY-3B, JH#l Ascending 0.68" 0.052 0.028 1401
FY-3B, [4% Descending 0.69” 0.056 0.036 1067
FY-3B 0.73" 0.045 0.027 1843
FY-3C, JH#l Ascending 0.64 0.061 0.035 1252
FY-3C, [4% Descending 0.68" 0.050 0.027 1372
FY-3C 0.76" 0.043 0.026 1887
FY-3B/3C 0.96" 0.014 0.003 2081
AMSR2 0.62" 0.059 —0.048 1245
SMOS 0.57" 0.062 -0.014 1641
PH West FY-3B, JH#l Ascending 0.54" 0.037 0.022 884
FY-3B, 4% Descending 0.56" 0.043 0.028 648
FY-3B 0.64" 0.037 0.024 1194
FY-3C, JHL Ascending 0.56™ 0.039 0.023 781
FY-3C, [4% Descending 0.69” 0.037 0.027 863
FY-3C 0.67" 0.039 0.029 1181
FY-3B/3C 0.92" 0.020 0.012 1342
AMSR2 0.56" 0.032 0.069 1098
SMOS 0.27" 0.095 -0.012 846

FE L T B HIOCREOE L 0.05 0.01 AP BETERES . —FORAEARAER IR AR R

Note: " is P<0.05,

deviation rate, RMSE is root mean square error.

3 Fit5itie Rk 53 HAF 2R 2 3K 7> (0-10em) Xf 9 3k
FIF 2018 fE N SE I AR E K TR (5-10 A)  BEERBEIATIE UL, #5 FY-3B M FY-3C ATl

" is P<0.01. — represents there are no correlation indicator in Northeast region. R is correlation coefficient, BIAS is
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4, I FY-3B/3C. SMOS Fil AMSR2 #i 45 A
A 38 LA e 3, VR FY-3B/3C 16 A 5t 1
DX Py

T X FY-3B FH4/ B R FY-3C FHU B TAS
RIL, FY TEAE AR I E o 20 T 3 0]
EIE T Cui ZEWEST . 5 TR A2 S i i 25 A
FRMATRG, S S B A A SR BT, B
P e e W G . TS IR AL FY-3B Al
FY-3C @l G, Bl o Ao 5 0 me A G 15 21 2
FHTE (R=0.9), RMSE F1 Bias i 25 F#AK, $d i
i RT

DN (T R 1 S 2T e S e 7
FY-3B/3C 5l s sl B bz, SMOS L5l fiisk
M Z 55K e X 1, AMSR2 ¥ 5 il 5k 52
DA 22 S a3 22 o LI PN (510 HD,
PL 7-9 H &A% 4 5 WIE 2 ok, IR
IR S B M FRK R I S IR 2R S R B
Jg O 12257271 s e e ORIV e 78 5 S AP 3 81 4Rl
1, FY-3B Ml FY-3C. SMOS fil AMSR2 1% &% %
53l g I K 1) 22 S AR K, ek B HLAR PR
VARG 5 1) FY-3B/3C £ 11 b4 Ry 2= R = A e 7 25 X
R ZE W] I o

F 4 X 3o, Sk & 1t FY-3B/3C 7fE45 X
B ERA WSS, Bl rE L TR
AR, SMOS 75 AR B G- 5 R
HUX) 38 FHPERAE, AMSR2 75 P 5% 1 Hb X i FH 1 5%
72, FY-3B/3C 1 4 52 1 it i ] 1 i 21 257290,

AHIEFUAE XS B BEAT VEAL I, L0 1 sty A5 A
FEXTR A, WP HIAS R, 0 B PP Ak &5 SR A7 AE—
SETRB AR, T LIS Bt T A5 110 - 498K 43 7 i oe)
BB AT VRG220, LR R B M LAR AR IR 34T
PG, TR PR, BRI IE PR A A
BE—PRE . WA EE, AR X8 K o Sk
X8, WA EE, 7-9 H 8K ks 2=,
X T BB KRR A 55 s, U 7-9 HAR
B BRI . T K o) i 2 B A
Z R ZE M, SO S AR e R, e
I RilG 77 i on] A R v LK o dERR P, AR
K FY-3B/3C FEAN A D35 AR W &l o AE X 32
JEAHE AT I UE I, PR 3 B 1) A [R] o R
FE 25km, 17 3t A R 3 B E5 4 e A 1] 47 75 I 30 UT
B, 3 B O Rt R S AR = e, T

AHE— 20 IR 3 J 1) 22 1) 0 4, 8 ey S T8 ™ i
(R RE 2031 R 3 S Rt kA D A T v o

S 30 Hk References

[1]McColl K A,Alemohammad S H,Akbar R,et al.The global
distribution and dynamics of surface soil moisture[J].Nature
Geoscience,2017,10(2):100-104.

[2] Al Bitar A,Leroux D,Kerr Y H,et al.Evaluation of SMOS soil
moisture continental US using the

SCAN/SNOTEL Network[J].Ieee Transactions on Geoscience
and Remote Sensing, 2012,50(5):1572-1586.

products  over

[3]Assouline S.Infiltration into soils:conceptual approaches and
solutions[J]. Water Resources Research,2013,49(4):1755-1772.

[4]Sahoo A K,Houser P R,Ferguson C,et al.Evaluation of
AMSR-E soil moisture results using the in-situ data over the
little river experimental watershed,georgia[J].Remote Sensing
of Environment,2008,112(6):3142-3152.

(51 54T LA donik, 0, 55 . 9 R e AR AL DG R P9 b

(2 [ 0] R} 2E 2, 2001,16(4):563-568.
Ma Z GFu Z B,Xie L,et al.Some problems in the study on the
relationship between soil moisture and climatic change
[J].Advances in Earth  Science,2001,16(4):563-568.(in
Chinese)

(O A, 2% 2 M9, 7K 10 4l 5. P9 58 0 e DX 2 ol 4 98988 2 B0 R
HIRCAPAG ] T 5 X 95 5 1 8,2016,30(8):139-144.
Song H Q,Li Y P,Zhang J R,et al.Evaluation of ERAS5
reanalysis soil moisture over Inner Mongolia[J].Journal of
Arid Land Resources and Environment,2016,30(8):139-144.
(in Chinese)

[7]Seneviratne S LCorti T,Davin E L,et al.Investigating soil
moisture—climate interactions in a changing climate:a review
[J].Earth-Science Reviews,2010,99(3-4):125-161.

(81BN, 195 6 43 I SCIH, 55 2L T MODIS %8k} i 1 3K
Iy VBN BT[] o B A< %,2011,32(S1):161-164
Yao Y L,Fu W D,Xing W Y,et al.Research on the remote
sensing of soil moisture based on MODIS data in
Xinjiang[J].Chinese Journal of Agrometeorology,2011,32(S1):
161-164.(in Chinese)

[9] B AS, T 94, 25 =, 5 AT EOS/MODIS A # fHK 5 3
et 00 B AR B M DX R (0], o I RO TR 2013,
34(2):243-248.

He J J,Wang Y S,Li Y P,et al.Soil moisture monitoring with



%5 8 L WSO FY-3B/3C Tipai i E K o Sl i Kl 5 5 VAl

* 537 ¢

EOS/MODIS VSWI product in Xilingol[J].Chinese Journal of
Agrometeorology,2013,34(2):243-248.(in Chinese)

[10]Zhang X,Zhao J,Sun Q.et al.Soil moisture retrieval from
AMSR-E data in Xinjiang,China:models and validation
[J].IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing,2011,4(1):117-127.

[11]Nicolai-Shaw N,Zscheischler J,Hirschi M,et al.A drought
event composite analysis using satellite remote-sensing
based soil moisture[J].Remote Sensing of Environment,
2017,203:216-225.

[12]Kim H,Parinussa R,Konings A Get al.Global-scale
assessment and combination of SMAP with ASCAT(active)
and AMSR2(passive) soil moisture products[J].Remote
Sensing of Environment,2018,204:260-275.

[13]Parinussa R M,Holmes T R H,Wanders N,et al.A
preliminary study toward consistent soil moisture from
AMSR2[J].Journal of Hydrometeorology,2015,16(2):932-947.

[14]Kolassa J,Gentine P,Prigent C,et al.Soil moisture retrieval
from AMSR-E and ASCAT microwave observation
synergy(part 2):product evaluation[J].Remote Sensing of
Environment,2017,195:202-217.

[15]Karthikeyan L,Pan M,Wanders N,et al.Four decades of
microwave satellite soil moisture observations(part
2):product validation and inter-satellite comparisons[J].
Advances in Water Resources,2017,109:236-252.

[16] Srivastava P K.Satellite soil moisture:review of theory and
applications in  water Resources

Management,2017,31(10):3161-3176.
[17]Lee J H,Zhao C F,Kerr Y.Stochastic bias correction and

resources[J]. Water

uncertainty estimation of satellite-retrieved soil moisture
products[J].Remote Sensing,2017,9(8):847.

[18]Liao M,Zhang P,Yang G L,et al.Preliminary validation of the
refractivity from the new radio occultation sounder
GNOS/FY-3C[J].Atmospheric Measurement Techniques,
2016,9(2):781-792.

[19]Cui Y K,Long D,Hong Y,et al.Validation and reconstruction
of FY-3B/MWRI soil moisture using an artificial neural
network based on reconstructed MODIS optical products
over the Tibetan Plateau[J].Journal of Hydrology,2016,
543:242-254.

(201 PR AF A ARG, 58 B T 2800 FY-3C H3EK 3™ b
TG PE 4 BT [J]. REEHE K 241,2019,38(S 1):68-74.

Xu Z M,Tang S H,Wang H.Applicability analysis of FY-3C's

soil moisture based on variational correction method[J].
Journal of Irrigation and Drainage,2019,38(S1):68-74.(in
Chinese)

[21]Chen Y,Yang K,Qin J.et al.Evaluation of SMAP,SMOS,and
AMSR?2 soil moisture retrievals against observations from
two networks on the Tibetan Plateau[J].Journal of
Geophysical Research: Atmospheres,2017,122(11):5780-5792.

[22]Liu Y Y,van Dijk A1J M,de Jeu R A M,et al.An analysis of
spatiotemporal variations of soil and vegetation moisture
from a 29-year satellite-derived data set over mainland
Australia[J]. Water Resources Research,2009,45(7):4542-
4548.

(23] JT 4L, i T, R 75 7 2 JsU L X FY-3B gl i gk =358 /K 7)

7 e 3 PRI ST 0], T R OB S 3 8E,2018,32(4):
132-137.
Wan H,Gao S,Guo P.Applicability evaluation of FY-3B
remote sensing soil moisture products in the Tibetan
plateau[J].Journal of Arid Land Resources and Environment,
2018,32(4):132-137.(in Chinese)

[24] Z=5ihH, 20 B AR, 55 N IX 3 AMSR2 5 SMOS -4

K 43 7= o6 LG 9T (9], 3 R R 5 N ,2019,34(1):
125-135.
Li R J,Li Z FHao R,et al.A regional-scale performance
evaluation of SMOS and AMSR2 soil moisture products
over Asia[J].Remote Sensing Technology and Application,
2019,34(1):125-135.(in Chinese)

[25]Lin L F,Ebtehaj A M,Flores A N,et al.Combined assimilation
of satellite precipitation and soil moisture:a case study using
TRMM and SMOS data[J].Monthly Weather Review,2017,
145(12):4997-5014.

[26] Knipper K R,Hogue T S,Franz K J,et al. Downscaling SMAP
and SMOS soil moisture with moderate-resolution imaging
spectroradiometer visible and infrared products over
southern  Arizona[J].Journal of  Applied Remote
Sensing,2017,11(2):026021.

[27]Park S,Im J,Park S,et a. AMSR2 soil moisture downscaling
using multisensor products through machine learning
approach[A].2015 IEEE International Geoscience and
Remote Sensing Symposium(IGARSS)[C].Milan,ltaly:IEEE,
2015:1984-1987.

[28]Su Z,Wen J,Dente L,et al. The Tibetan Plateau observatory of



* 538 ¢

hOE Rk

%R %41 5

plateau scale soil moisture and soil temperature(Tibet-Obs)
for quantifying uncertainties in coarse resolution satellite
and model products[J].Hydrology and Earth System
Sciences,2011,15(7):2303-2316.

[29]Chen Y Y,Yang K,Qin Jet al.Evaluation of AMSR-E

retrievals and GLDAS simulations against observations of a
soil moisture network on the central Tibetan
Plateau[J].Journal of Geophysical Research-Atmospheres,
2013,118(10):4466-4475.

[30] A B, #2840, 5%, 25 KT GLDAS 77 0 H i =1 5t

TR R IE T[] TS 52,2018,36(4):595-602.
Deng M S,Meng X H,Ma Y S,et al.Analysis on soil moisture
characteristics of Tibetan Plateau based on GLDAS
[J].Journal of Arid Meteorology,2018,36(4):595- 602.(in
Chinese)

[31]Khodayar S,Coll A,Lopez-Baeza E.An improved perspective

in the spatial representation of soil moisture:potential added
value of SMOS disaggregated 1 km resolution "all weather"
product[J].Hydrology and Earth System Sciences,2019,
23(1):255-275.



