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A ground-based microwave scatterometer has an advantage for monitoring soil moisture content using
multi-polarization, multi-frequencies and various incidence angles. In this paper, ground-based multi-frequency
(L~, C-, and X-band) polarimetric scatterometer system capable of making observations every 10 min was
used to monitor the soil moisture conditions in a com field over an entire growth cycle. Measurements of
volumetric soil moisture were obtained and their relationships to the backscatter observations were examined.
Time series of soil moisture content was not corresponding with backscattering coefficient pattern over the
whole growth stage, although it increased until eady July (Day Of Year, DOY 160). We examined the
relationship between the backscattering coefficients from each band and soil moisture content of the field.
Backscattering coefficients for all bands were not correlated with soil moisture content when considered over
the entire stage (r= 0.48). However, L-band Horizontal transmit and Horizontal receive polarization (HH) had
a good correlation with soil moisture (=0.85**) when LAI was lower than 2. Prediction equations for soil
moisture were developed using the L-HH data. Relation between L-HH and soil moisture shows linear patterm
and related with soil moisture content (R2=0.77). Results from this study show that backscattering coefficients
of microwave scatterometer appear to be effective to estimate soil moisture content in the field level.
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Correlation analysis between backscattering coefficients and soil moisture content revealed that L-band HH polarization
(L-HH) had a good correlation with soil moisture (r=0.85**) when a threshold of Leaf Area Index (LAI) < 2 was used in
the analysis.

L-band C-band X-band
Growth stage
HH \'A% HV HH \'A% HV HH \AY HV
Entire period 0.48™ 0.45™ 0.44™ 0.39™ 0.36™ 0.36™ 0.34™ 0.31™ 0.31™
LAIL2 0.85%* 0.81** 0.80** 0.76** 0.78%* 0.75%* 0.72* 0.70* 0.68*

* and ** : Significant at the 0.05, 0.01 significance levels, respectively.
™ . not significant at the 0.05 level.
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Introduction

A4 mlo|a &2 u} A (Ground—based polarimetric scat—
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ole] Z52] W QLS EAI0] ol ate.za Tap 4
2 ASWSE AsHoR MUY B 5 Ut 2 Y
7FA)aL @)t} (Brisco et al., 1990; Inoue et al., 2002; Kim
et al,, 2009),
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e =0t o] 23Eet loiRtet (Schmugg,
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nfo] 2w} EQFEHOA 4kRtEl= Hute] A7]= B
o] FE STl wet ARA HaL, I FHES A B
& Rl SRl et SUske wAIE 2t
(Ulaby et al., 1982; Hallikainen et al,, 1985).

glolg A|AEIE o] 835lo] EOELS = ¢ L= 19709
e A E e (Ulaby, 1974), gFsolut 1/ Synthetic
Aperture Radar (SAR, 7]+ dlojt]) o= 440
2 mOF SRS BASKE A7 B SHE] A
Z81t (Schmugg, 1978; Jackson et al., 1981; Dobson
and Ulaby, 1986, Jackson and O'Neill, 1986; Wang et al.,
1989) Bindlish and Barros (2001)= EofEsleF A=7k}

r
o

ki

j)

4 4 o Aol gk nE Tl A Y
2] mel 984S ASSIIT Njoku et al, (2003)-2 1| of
2}t AR 9SO 2 Advanced Microwave Scanning

Radiometer (AMSR-E) ©]-835}0] Ak 2 HE] 81712 (brig—
htness temperature)S AFE3tal A BH A&V|E AATH
B darelEs JEsklth Bartsch et al. (2007)
2 Vertical transmit and Vertical receive polarization (VV)—
Hul = o] ENVISAT ASAR GAFS o|&3ste] 2|53 o5
 7HEPY Aofo] el Eopere] AlZA ke U
9 3l BB EE ZAJFITE Kim et al. (2012)&

AREAZE (L, O, X-ME)S o] §5jo] FbebA:
o 5 4TI SR A e -

HE QU Efaiatda) A7) 7P =4 U
EPsiTh (=090,

dlole] AEE ol§3t EFpRTT BEIoIA A

T e}

H AzRY), AAYu]E (vegetation cover)?] FFo] F7] uj
ol Agurro] 2o AxAe

T71 AP E|ojt) (Ulaby et al., 1978; Shi et al., 1997;
Oh, 2004; Wang et al., 2011), Z|<tofl A]Afo] Hast 2]
of thalf C-Hi=L L-Hi= FAf 9= 3w A qlont of
A7kA) SlubAel S Aok EHha gl Aol
(Yang et al., 2000; Kim et al,, 2012), & =Fojix= L,
C, X—fi= QHEUE A2t nlo| A 20t AFAIE 130}01
S AS7I7E St AR A folx th
Aot B BAE EAskL = %—’F{} &
o] 2 FARASS ol&sto] Bt +

g8ttt

r>~l
<
4
T
1k
B o
I
gl

Materials and Methods

AKX =03 SRR A= (Latitude
37.2597, Longitude 126975704 2013 S (F%
<) 5717 4 vpol AR} AFHAIE o]-8ste] ESF
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DOY 211 (Dough, R4)

DOY 225 (Dent, R5) DOY 240 (Black layer, R6)

Fig. 1. Field photos of com in various growth stages.
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AER] AES AL YIESIA 24171, General Purpose
Interface Bus (GPIB)—USB, Radio Frequency (RF) cable,
glofe] Fuba HMEHA| (Radio Frequency switch), &7
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ot %3 L, C, X-HIE QFtHu= ZF RF cablegdt 4= =
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Table 1:2 wio| 20} ARHA| AR5 BEAI L] 9 514 5
S Agalsar ok AJAE] calibration $J3) Calibration
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Table 1. Specification of the L, C and X-band automatic
scatterometer system.

Parameters L-Band C-Band X-band
Frequency (GHz) 1.27+0.06 53+03  9.65 £ 0.5
Antenna Gain (dB) 12.4 20.1 224
Antenna Type Dual polarimetric square horn
Number of
Frequency points 201 801 teot
band Width (MHz) 120 600 1000
Wavelength (m) 0.23 0.056 0.031
lant r:
ressoﬁtﬁofi) 1.23 0.25 0.15
Polarization HH'), VVZ), av?
Incident angle (°) 40
Platform height (m) 4.16

Measurement time 1 per 10minutes

1) Horizontal transmit and Horizontal receive polarization
2) Vertical transmit and Vertical receive polarization
3) Horizontal transmit and Vertical receive polarization

A FIE FLsH AR (Kim et al., 2011). Al
9o RE Haol i AAEHE 24 I 5 AR 549
11, ol Fujg HMEAR] (Radio frequency switch)S ©]
gafol 108 154 AEO2 AINEAS YIS A7)
oA 2k e] AE P AIFT (Kim et al., 2011), 2|
W AL dold WS o gstel AEsH

t} (Ulaby and Elachi, 1990).
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Results and Discussion

WAZE woUtHFig. 2). A 57170l e SHttAls
o =]

thgo] C-ME, X-WE ol¢i), Fig, 38 L-WE why
FplRbG} EOEE Slef wstE Bl o wE
ol A 2= ABL-27)ol= Vertical transmit and Vertical
receive polarization (VV)—H1}7} Horizontal transmit and

Horizontal receive polarization (HH)—, Horizontal transmit

100 50

M precipitation(mm)
90 - B )
+ soil moisture
. kas
80 ae ¢
KA L X4
* *
* < .’: L 8
70 4 s e,
_ . * . o4 [ 40
g S S
£60 » . * s
H . o0 T R ¥
B ~ ** s
;_iSO * ” * r 35.5.
H ., % ol . 2
240 o * . *e 3
& o @
* * * 30
o 3
30 o PS *
*
ot . o *
20 A « .
° f 25
N ‘ | | |
0 | T y I " I‘ y AL Ll | T T — 20
90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240
Day Of Year

Fig. 2. Temporal variation of soil moisture and precipitation
during the com growth period.
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Fig. 3. Temporal variation of L-band backscattering coefficients

and soil moisture content during the com growth period.
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Fig. 4. Temporal variation of C-band backscattering coefficients
and soil moisture content during the com growth period.
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Table 2. Correlation coefficients between backscattering coefficients and soil moisture content.

L-band C-band X-band
Growth stage
HH \A% HV HH \A% HV HH \'AY% HV
Entire period 0.48™ 0.45™ 0.44™ 0.39" 0.36" 0.36" 0.34" 0.31™ 0.31"
LAI<2 0.85%* 0.81%* 0.80** 0.76** 0.78** 0.75%* 0.72* 0.70%* 0.68%*

* and ** Significant at the 0.05, 0.01 significance levels, respectively.

ns

not significant at the 0.05 level.

Table 3. Statistical perfformance of soil moisture content retrievals using regression equation extracted from backscattering
coefficients of L, C, and X-bands. The maximum R-squared is highlighted in bold for soil moisture and radar channels.

y X Regression equation R’
soil moisture(%) L-band HH-polarization(dB) y = 1.0104x + 66.195 0.77%*
soil moisture(%) L-band VV-polarization(dB) y = 1.3750x + 76.754 0.71**
soil moisture(%) L-band HV-polarization(dB) y = 1.3434x + 92.605 0.70%**
soil moisture(%o) C-band HH-polarization(dB) y = 1.2229x + 78.363 0.65*
soil moisture(%o) C-band VV-polarization(dB) y = 1.8193x + 98.117 0.67*
soil moisture(%o) C-band HV-polarization(dB) y = 1.3003x + 94.486 0.65%*
soil moisture(%o) X-band HH-polarization(dB) y = 1.2382x + 83.496 0.64*
soil moisture(%) X-band VV-polarization(dB) y = 1.7551x + 102.640 0.62*

soil moisture(%)

X-band HV-polarization(dB)

y = 1.4432x + 105.430 0.61%*
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Fig. 6. Comparison between measured and estimated soil moisture
using I -band HH polarization backscattering coefficients.
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