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Abstract

Soil moisture is a crucial factor in hydrological system which influences runoff, energy balance, evaporation, and atmo-
sphere. United States National Aeronautic and Space Administration (NASA) and Department of Agriculture (USDA) have
established Soil Moisture Experiment (SMEX) since 2002 for the global observations. SMEX provides useful data for the
hydrological science including soil moisture and hydrometeorological variables. The purpose of this study is to investigate the
relationship between remotely sensed soil moisture data from aircraft and satellite and ground based experiment. C-band of
Polarimetric Scanning Radiometer (PSR) that observed the brightness temperature provides soil moisture data using a retrieval
algorithm. It was compared with the In-situ data for 2-30 cm depth at four sites. The most significant depth is 2-10 cm from the
correlation analysis. Most of the sites, two data are similar to the mean of data at 10 cm and the median at 7 cm and 10 ¢cm at
the 10% significant level using the Rank Sum test and #-test. In general, soil moisture data using the C-band of the PSR was
established to fit the Normal, Log-normal and Gumbel distribution. Soil moisture data using the aircraft and satellites will be
used in hydrological science as fundamental data. Especially, the C-band of PSR will be used to prove soil moisture at 7-10 cm
depths.
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Fig. 1 Landsat TM Image of Walnut Creek Watershed (July.
1. 2002) Sources: USDA ARS (http://hydrolab.arsusda.
gov/smex02/landsat2002.php)
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2.2 Ground Soil Moisture(In-situ Data)
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Table 1. Characteristics of Study Area

. Ave. Ave. Hight
Coordinate Study Area
Site No. %r,;g Slope Y LAI (m)
Lat(°) Long(°) Clay(%) Sand(%) 72
WCI15 41.939 -93.664 Corn 1.14~3.43 28.14 27.83 3.75 1.57
WCl16 41.934 -93.666 Soybean 1.25~3.63 27.75 27.09 0.65 0.23
WC23 41.991 -93.537 Soybean 2.43~3.55 26.25 30.43 1.56 0.31
WC24 41.991 -93.528 Corn 1.83~4.55 25.41 31.28 3.6 1.68
Depth  Sensor  |Depth  Sensor
{em) {cm)
2 WCR, STP 1 TCAV
. 1 TCAV
5 WCR, STP 3 TCAV
4 TCAV
10 WCR STP
15 WCR STP
20 WCR, STP
30 WCR, STP

Fig. 2 Installation Structure of Sensors Sources: NSIDC(http://nsidc.org/)
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Table 2. Information of Sensors

Sensor Model Name Variable
Water Content Reflectometer| CS615 Soil moisture
Soil Temperature Probe 107B Soil temperature
Averaging Thermocouple TCAV Ufilg rerfpserZErseOil
Tipping Bucket Rain Gauge TES25 Rainfall

ARS8 FARRe R GHIE dAJste] AlRte] W
slof] Wt AFE A5E] FAkS o83dl] A8E 75
skt

Z AR 5 Re] RN B58ks AIMES Table
20|49} o], WCR(Water Content Reflectometerye G-
el e AR 2 A T S-S T EdrES
T=Z3}a1, STP(Soil Temperature Probe)$} TCAV(Averaging
Thermocoupley= Z} Zolol] W& B¢ 255 43} &
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Elo} vlwsly] 9af o F 1049 Amuke ARSI
Table 3914= B Ao AR 10 7H] ZF AH A=
of st 7125 A Asoltt.

2.3 Polarimetric Scanning Radiometer(PSR) Soil
Moisture

NASAA 2002'd 59 AR EQFE B35 9149
AMSR-E(Advanced Microwave Scanning Radiometer-Earth
Observing System)s ©]-83F EUFE ARE 7145317 25l
Georgia Institute of Technology®} NOAA<S| Environmental
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Fig. 3 Rainfall and Soil Moisture Data Observed by In-situ
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Table 3. Statistics of Soil Moisture Observed by In-situ

WC 15 WC 16
Depth Mean Min. Max. Med. Std. Depth Mean Min. Max. Med. Std.
2 14.6 3.4 38.8 10.3 9.7 2 13.6 2.8 41.0 11.3 8.5
5 15.5 8.1 32.4 12.6 6.6 5 14.5 7.5 34.9 12.0 6.0
10 21.8 16.9 34.0 19.0 5.7 10 19.7 14.3 38.4 17.6 5.9
15 28.6 24.1 39.8 25.9 5.4 15 26.2 20.0 40.5 24.5 5.9
20 243 19.8 34.5 222 5.0 20 27.7 22.1 41.7 26.4 5.2
30 34.5 28.5 422 34.6 5.0 30 36.9 31.1 46.9 36.7 42
WC 23 WC 24
Depth Mean Min. Max. Med. Std. Depth Mean Min. Max. Med. Std.
2 12.0 2.8 383 9.4 8.4 2 16.0 7.9 37.0 12.5 7.8
5 13.4 6.0 34.0 11.8 5.9 5 17.2 11.7 27.6 15.7 4.9
10 23.0 18.0 30.6 223 3.1 10 19.8 17.2 24.9 18.9 2.4
15 21.9 18.4 27.4 21.5 2.4 15 19.8 17.2 24.6 19.0 2.3
20 213 17.8 26.1 20.9 2.7 20 20.7 17.7 25.1 20.0 2.1
30 19.8 17.0 243 19.5 2.4 30 20.1 16.8 23.2 19.9 2.3

Fig. 4 Observation Equipment (PSR/C, X-band) on Aircraft
(WFF P-3B) Sources: NOAA homepage (http://www.
esrl.noaa.gov)

Technology Laboratory(32] NOAA/ESRL PSD)ol|A] 7k
3t Polarimetric Scanning Radiometer(PSR)2] C/X-bandZ&
o]-g3}l3tt. PSR 4 vwlo|ARg o] g onE =
C(7.32 GHz)/X(10.7 GHz)-bandE ©]-8-3}4] Hyhorizontal)
9} V(vertical)2] 3 F ¥7] L% (Brightness Temperature,
T T 3, 359 T 58 89 darglE(Retrieval
Algorithm)& ©]83}] EYG2-S 2Hg3l9rh. SMEX02 2
ol AFEE PSR 2002 6% 25, 27, 29093 79 1,
4, 8,9, 10, 11, 12¥(DOY 176~193)8] F 104 52 Fig.
49} o] FF7I(NASA WFF P-3Bpll g5t =313t}
PSRE| Fule, 33 B §e] ZIE= Table 40 A2|sof
Art.

PSREZHE AJE EYFE A8 Fig. 59 2o] 337]
oA #BZH PSR AFE ENVIE ©]831o] Yepiict. 4
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Aok 2ol 79 8t 11 Aol 797t RSN EF
o] Ik 79 4d(eyd sY(HS wlwslaL, 7€ 10Y
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Table 4. PSR/C,X-band Channels to SMEX02

Frequency (GHz) Polarizations Beamwidth
5.82-6.15 V, H 10°
6.32-6.65 V, H 10°
6.75-7.10 V,H, U, V 10°
7.15-7.50 V, H 10°
10.6-10.8 V,H, U, V 70

10.68-10.70 V, H 7°
9.6-11.5 um IR V +H 7°

(hyt 11LG)ys vlwgls of, AAF R Aae] Hlgo| 7+
AdfaL, gl nlgo] Frkshe AEE AR B

FiL Qe Ae & 5 Ak
3. o7 & H 0=

3.1 oy 24

3.1.1 Rank Sum Test
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o] 584 R AEE #5E ARY 7RA 7 AT
o] T3] ME FIIAIE vlwsh] 918 viRSA vy
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IF 5 AR G A & o me T 1E T AR
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= A2 By 3718 7L e 2El g =91
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Fig. 5 Soil Moisture Image Observed by C-band of PSR (800 mx800 m)
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3.2 PPCC Test
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Fig. 6 Correlation Coefficient of Soil Moisture between PSR
and In-situ
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4.2 t-Test?} Rank Sum Test
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Table 5. Results of t-Test

Depth WCI15 WCl16 WC23 WwC24

(cm) Hy P-value H, P-value Hy, P-value H, P-value
2 reject 0.075 reject 0.021 reject 0.006 reject 0.046
5 reject 0.042 reject 0.013 reject 0.006 reject 0.034
7 accept 0.299 accept 0.113 reject 0.048 reject 0.058
10 accept 0.977 accept 0.354 accept 0.932 accept 0.142
15 reject 0.021 accept 0.206 accept 0.619 accept 0.142
20 accept 0.374 reject 0.071 accept 0.485 accept 0.277
30 reject 0.000 reject 0.000 accept 0.218 accept 0.178

=) accept : mean®] A2 LT} reject : mean®] MZ 2X] &t
Table 6. Results of Rank-Sum Test

Depth WC15 WCl16 WC23 wC24

(cm) Hy P-value H, P-value Hy P-value Hy P-value
2 accept 0.121 reject 0.075 reject 0.017 reject 0.089
5 reject 0.045 reject 0.042 reject 0.007 reject 0.054
7 accept 0.162 reject 0.299 accept 0.121 accept 0.104
10 accept 0.734 accept 0.977 accept 0.791 accept 0.186
15 reject 0.026 accept 0.021 accept 0.910 accept 0.186
20 accept 0.241 reject 0.374 accept 0.623 accept 0.307
30 reject 0.001 reject 0.000 accept 0.186 accept 0.162

=) accept : median®] A& ZT}. reject : median®] AE ZA] T}
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Table 7. Results of PPCC Test

Site Depth Coefﬁ.cie.ant of Skewness Kurtosis pree Fitness of
Variation Normal Log-normal Gumbel PDF
2 101.43 0.42 -1.78 accept accept accept N/LN/G
47.35 0.61 -1.52 accept accept accept N/LN/G
7 71.53 0.50 -1.67 reject accept accept LN/G
WCIS 10 36.11 1.06 -0.92 reject reject reject -
15 32.95 1.06 -0.81 reject reject reject -
20 28.85 0.88 -0.82 reject accept accept LN/G
30 26.75 0.09 -1.41 accept accept accept N/LN/G
PSR 37.46 0.61 -0.69 accept accept accept N/LN/G
2 71.46 0.68 -1.29 accept accept accept N/LN/G
37.01 0.79 -1.15 reject accept accept LN/G
7 5227 0.75 -1.23 reject accept accept LN/G
10 35.34 0.80 -1.20 reject accept accept LN/G
wete 15 35.88 0.72 -1.02 accept accept accept N/LN/G
20 2791 0.73 -0.87 accept accept accept N/LN/G
30 17.89 0.29 -0.91 accept accept accept N/LN/G
PSR 46.46 1.06 0.34 reject accept accept N/LN/G
2 64.52 0.74 -0.88 accept accept accept N/LN/G
5 31.21 0.57 -0.88 accept accept accept N/LN/G
7 46.02 0.69 -0.86 accept accept accept N/LN/G
10 9.91 0.08 -1.06 accept accept accept N/LN/G
Wes 15 5.52 0.25 -1.24 accept accept accept N/LN/G
20 6.95 0.38 -1.12 accept accept accept N/LN/G
30 5.57 0.34 -1.14 accept accept accept N/LN/G
PSR 66.73 1.08 1.62 accept accept accept N/LN/G
2 61.93 0.56 -1.48 accept accept accept N/LN/G
24.89 0.77 -1.04 accept accept accept N/LN/G
7 40.78 0.64 -1.31 accept accept accept N/LN/G
WCod 10 5.81 0.83 -0.93 accept accept accept N/LN/G
15 5.39 0.73 -1.02 accept accept accept N/LN/G
20 4.58 0.28 -1.34 accept accept accept N/LN/G
30 5.29 -0.1 -1.70 accept accept accept N/LN/G
PSR 33.84 0.26 -0.39 accept accept accept N/LN/G

) N: Normal, L: Log-normal, G: Gumbel
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