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WA EHE, 38K 3 ) B RS B T LAIE 3 0.05 em’/em’.
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(Sentinel-1B) Tt 2016 4F A& 5. FLI TR (1) 5 15 J4 4
R12de 2 M BEHAMZ 5, B RMATLLUAS] 6 d. 1F
A ERS-2 il Envisat f]J54: )2, Sentinel-1 #5317 C
By SAR fEJES, TARMIRY 5.4 GHz. HILH 4 3
PERBUE A : 271785 (stripmap model, SM) . T3
M8 Cinterferometric wide swath, IW) F3 . & % 18
(extra-wide swath, EW ) # 2 A1 A% 2 (wave mode, WM) o
ASCHT R RO O TW, 18 98 A 250 km, 25 [A] 43
PR N S mx20 m, BAAFEEE 1.

1 WX Sentinel-1 SAR ##7
Table 1 List of Sentinel-1 SAR images acquired over study area
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cquisition Mean incidence Imaging B
D Polarization

date angle/(°) model
D1 2015-05-12 40.7 w \A%
D2 2015-05-24 40.7 w VV/HV
D3 2015-06-05 40.7 w VV/HV
D4 2015-06-17 40.7 w VV/HV

SKEUIH) SAR S412°M Level-1 $3E, £id MR A W A1
B, IR 2 R B AL Y Sentinel-1  Toolbox
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Refined Lee JE AT ALER, B LK/ 7x7,

NT R IE E [X A5 M A AR v, A S R
TR T X IR Landsat %04, FREU 5504 2015
FESH2H.5HA2H. 6 H3H. 6 H18 HAl6 A 26
H. ZHfEhadimsdets, RERH ENVI 1
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SAR HHEHHT T 3AUER 2, B B A S EON A E
EE H, AR St s R KEMERE, =
AR B R B A% S U S K e s A ol A 13 3124 s
T ) A A N\ 2 5O AR AR S B i 0 R B 45 kAT W
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WHEN 9.4 cm; I A MK RELE T AL S T
RS [F IR AR K A L, LSRR S K E m, Bk
U FEM[0.05,0.45] em’/emy’, [IFEA 0.025 ecm’/em’s FKTd
2 AR LTI N[0,40] cm,  [AIBEA 5 cm.
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BB RS

Volumetric soil moisture/(cm*cm™)

T WIEAS AL 0=40°; BITTHREE hew=1.2 cm; AHRKE ¢1=9.4 cm.
Note: Radar incidence angle 6=40°; root mean error height /,=1.2 cm;
correlation length ¢/ =9.4 cm.

2 FRBEBETERGEBRNRY & LEEREK
B,

Fig.2 Simulated backscattering coefficient ¢” at VV polarization
for different volumetric soil moisture and different crop heights
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Note: ov/00\y Tepresents ratio of backscatter intensities between two acquisition
dates T, and T, (left term of Equation (1) ) while |a%/a’y indicates its
corresponding squared ratio of Bragg scattering coefficients(right term of
Equation (1)); H, and H, are maize canopy heights for 7} and 75, respectively.
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Alpha ﬁ{ﬂ*ﬁiﬂ\a@/amz BB
Fig.3 Scatterplots of oyiv/oyyy from radiative transfer approach

versus |omi/omy|* from alpha approximation approach for different
vegetation conditions
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Fig.4 Time-series of averaged NDVI values on test samples from
Landsat data
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Fig.5 Soil moisture maps for different acquisition dates
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Fig.6 Comparison of estimated and measured soil volumetric
moisture water content for June 17,2015
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Soil moisture retrieval using multi-temporal Sentinel-1 SAR data in
agricultural areas

He Lian, Qin Qiming™, Ren Huazhong, Du Jun, Meng Jinjie, Du Chen
(Institution of Remote Sensing and Geographical Information System, Peking University, Beijing 100871, China)

Abstract: Soil moisture is a key variable that links the water and energy cycles. Its information is also essential for many
applications, such as agricultural drought monitoring, crop status monitoring and crop yield prediction. Sentinel-1 of the
European Space Agency (ESA) is composed of 2 satellites, Sentinel-1A and Sentinel-1B, which share the same orbital plane
with a 180° orbital phasing difference. The Sentinel-1 mission can provide C-band synthetic aperture radar (SAR) data with a
global revisit time of just 6 days and high spatial resolution of about tens of meters, thus showing a strong potential for global
soil moisture monitoring at high/moderate spatial resolutions. The aim of this study was to investigate the capability of
multi-temporal Sentinel-1 C-band SAR data with a short repeating cycle in soil moisture estimation over agricultural fields. In
order to retrieve soil moisture, an algorithm based on the change detection technique was utilized. This algorithm (referred to
as alpha approximation approach) relies on the assumptions that the contributions of vegetation and surface roughness to the
radar backscattered signal are multiplicative. Therefore, the effects of vegetation and surface roughness on radar backscattering
coefficients can be decoupled from the effects of soil moisture changes by rationing multi-temporal like-polarized (HH and VV)
intensities between two close acquisition dates. The ratio is expected to track changes in soil moisture only since the changes
of surface roughness, canopy structure and vegetation biomass take place at longer temporal scales than soil moisture changes.
The alpha approximation approach was firstly evaluated by comparing with data sets simulated by a theoretical radiative
transfer (RT) scattering model. It was found that the alpha approximation approach was overall in good agreement with the RT
scattering model without introducing significant errors for bare surface and low vegetation area, which confirmed that the
alpha approximation approach was a simple and effective way to reduce the influences of vegetation and surface roughness.
Furthermore, under the assumption of alpha approximation, the ratio of 2 consecutive backscatter measurements could be
approximately represented as the squared ratio of corresponding Bragg scattering coefficients. For Sentinel-1 SAR data with
only one like-polarized channel (i.e. VV), N SAR acquisitions would result in NV - 1 linear equations in N unknown Bragg
scattering coefficients. To solve this underdetermined system of equations, a bounded linear least-squares optimization was
applied. Once the unknown Bragg scattering coefficients were retrieved, the relative dielectric constant could be analytically
derived with the soil moisture being estimated by the inversion of microwave dielectric model. The alpha approximation
approach was then applied to 4 consecutive Sentinel-1 SAR images acquired over Huailai experiment field. Soil moisture maps
were successfully obtained for each date. The results were validated using ground measurements on one acquisition date, with
root mean squared error (RMSE) value of 0.06 cm’/cm’ and mean bias value of 0.01 cm’/cm’. The results demonstrated the
overall good performance of the alpha approximation approach. These results imply that multi-temporal Sentinel-1 SAR data
show great potential in achieving high resolution and accurate soil moisture retrievals over agricultural fields.

Keywords: soil moisture; remote sensing; synthetic aperture radar; retrieval; multi-temporal; agricultural fields



