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Abstract

Soil moisture is a key factor to control the exchange of water and energy between the surface and the atmosphere. In recent,
many researches for spatial and temporal variability analyses of soil moisture have been conducted. In this study, we analyzed
the spatio-temporal variability of soil moisture in Walnut Gulch Experimental Watershed, Arizona, U.S. during the Soil Mois-
ture Experiment 2004 (SMEX04). The spatio-temporal variability analyses were performed to understand sensitivity of five
observation sites with precipitation and relationship between mean soil moisture, and its standard deviation and coefficient of
variation at the sites, respectively. It was identified that log-normal distribution was superior to replicate soil moisture spatial
patterns. In addition, precipitation was identified as a key physical factor to understand spatio-temporal variability of soil moi-
sure based on the temporal stability analysis. Based on current results, higher spatial variability was also observed which was
agreed with the results of previous studies. The results from this study should be essential for improvement of the remotely
sensed soil moisture retrieval algorithm.

Keywords : soil moisture, spatio-temporal variability, SMEX04, temporal stability analysis

A% Xl

Azpol|M o] ESE-S 78, Ay ZPgelx A AT )7] Alele] 3 olUA|e] nigks -k w9 Fa%h
AAEH HT o]e] AlFHE WaAdol gk A7t EdstA Ja=a ik, B Aqtellre 20049 6~9Yol Z2A F315]
A Soil Moisture Experiment 2004(SMEX04) ZE2AEZ Falo] Z4% W= Arizona 72 Walnut Gulch Experimental
Watershed f-Joll ti$t EYE H|oJEIE o83l 1% A|YeljMe] EYe] Al WEde A4 o= a4
3HATE AIZE QTS #4338t ZF 9] Al it RIAEE BAEIa 37 Wied 24 B8 £ W) e
S4 T I ARE e E 7 AH e FHESTE ol RFRA B WEAgele] IAE Heteidint. AT Ax,
IR Aol Ed=ie] 1M Q) E3E t8iert Addeiths 23 AZ2AHeAM Hole 38 549 =& 3¢
2 MEAAS SRIT 4 AT T3 AR s A4S Bl AEE ARG A9 dAel] disl Wiz AEE A48
o, FAPde] ER & FEE = QAR RS ERIE itk £ dATer] EEEH EYE] Al |
T EAS A5 AFA EUE tloJEY] retrieval algorithmS 7HA81=t] T8-0] € Zo]t}.

SHAZ0| : B, ASRE WEA, SMEX04, ARE QP 24

B ZUEn g)y] o 45718 FRe TR A, mEe A} 5 FRE A4S0 Jge vl
AEA B WESe 5 B3 U] e 2 o] oF BHoE AES7IE ofz$H, o] wFe] A
19 1= AR S Oe 9 7w Eg] Be Ekie] By 430 Ko B

O =
s

T, =

oot
o
ol
9
2L
—_>il‘4
)
o
fr
1 o

3E,
Aol E JFE vIAE T FEHoE Fa3F Qxjoltt ste] mletel= o] AddE] ool Sl (Famiglietti et al.,
(Heathman et al., 2009). WEhr R|Fo] EQFo] Ff-3)lal 1998; Qiu et al., 2001).
A= ] Wl S welshe AL g, 7PIsH Ete Ao zRE e Zloo] mE} tE oS 1

“BIAHSHN SIS HASEAZSH MAHIA (E-mail : khwang@hanyang.ac.kr)
**SOIHSH) ZHHS ESESH MANES (E-mail : arasumohe@gmail.com)
3|2 - SOIHSH N BHS ESZSH 114 (E-mail : seungoh.lee@hongik.ac.kr)
FAGIR - IAINAL - SI2HEH I ZUHHSH HASHAZSHE A 114> (E-mail : mchoi@hanyang.ac kr)

#3048 E3BIE - 20104 SH - 285 -



o, o] whel] & Aol T ERFE-E oz ofy]

FRe) EHo| vhel Zsle] ol gt ERFEE Aw

omRE Qe Fo ANTFE ARk F21 s g

PR Rolxut AXRe] FAHASE EA WE A

1 AR} 5 R B7e] e wol WAl Hw 1w
]

A v=H H FACAME BHAAS AgS e s
Edkriol gk TAR 4s deiA sk Stk
Famiglietti et al(1999y2 W=7 Oklahoma Z5 [0l A<
ATE Bl AR W B wisko] B4y} A4
5, 7852 sl disl) FAACE I3t Zols B,
B SHrEe] Al wet 5593k WEAlS, A5
= 9 Hxrl $18E BAT Qiu et al (2001 T3
Loess Plateau 74% A|o] tigl 37t WHEA E4S 53
AT T BEYTERO] E9F W2 31 WA
THA He R EA o83 A¥ T o 3 xxi0]
EkrRe] 37H £l J3s e AS ERlsit

Choi et al(2007) ©]=F Iowa 5 Walnut Creek Watershed
o] AAHAL ARJoA] o zlo|of|x]e] EES] AlF7H
XS SARCE A% Ay, Zlold] e B EYGE
o BT WEAT @l g AE 7L eS|
3t} Brocca er al(2009)2 olgE|o} TR A YoA
F Aol Me] ARRBES Hrlste] Al sl 9
FS- 75 QRS S48 TE. Heathman er al.(2009)2 W]
=9] Southern Great Plains A9l thet A F7H EA &
Ae Bl Sl A A Bl AR
P BEES Hole Wi, e oA EY R
AR o= FYE Aeks UERA] gt 2t BIth

B AgoA] o]8gk dlojE= 2004 6~990l] AA %3
F A= Soil Moisture Experiment 2004(SMEX04) X Z 7]
ES 52, & A7 tid XY H= Arizona F
Walnut Gulch Experimental Watershed( WGEW)S} A =
Sonora X992 EFREES- Hydra Probes ©|-83l] 213
=3 Fholt). ©]E Aqua Q1F$1/d9 AXE AMSR-E E
FE B AXE o83l dAPARE 3 vla - B4
ste] AR EFTEY dARAR] 220]3L & retrieval
algorithm®] AS=E AZFslaL sy S8 F= ATt
(Cosh et al., 2008).

2 AFdAe 4ol AW Z2AE 717F F<t Hydra
ProbeE ©]83t] FATAL footprint UlollA] 2|3 #A=3H
tolHE viEe g A 48 ArgeEx 1x A9 E
S dlofEe] AR, 3 B S mjetslaat st
A}, o7 LARA} footprint= Merriam-Webster's Online
Dictionaryol] =W “the area on a surface covered by
something”, & A AlAfo] o3l 2E WS JZo
Ay o g & o] YAHGAL o|u]A] Al wigo] &
= WY HAE 555t o] Rl apPdAge] SA7IRE
ZAE 3 5= Qe X FEHE A AT X Y99
545 gola vlssgt 21E 7 A e A 9Fe] vla
£ B3 Edge FEs F= T Al disl st
a7} Sk B Aol 2ol 543 V1T 218 A

o

==

Fl

H

N oy

oot

1z

fru

et Aol g B ARl £X et 24
Hopd olE dlo|Eulo|sslste] dARARE B o]
Eloll thel] A, E4sh=t ol§3to=A AT} darz

52 88 F W 2 ZolH, o] ARE Hlgo=R 3l
Zolvt ARl & FdFeR AT F Uil sEE
Ao} B HE T A A Sl f-835M)
2 Zo|th(Starks er al., 2003).

2. 7Y R Y

2.1 SMEX04 Xt2 ¥ WGEW X[ 54

E A= v Arizona 2] Walnut Gulch Experimental
Watershed( WGEW) A4S tPdoz Y=}, o] A
20043l %1% Soil Moisture Experiment 2004(SMEXO04)
Z2AES 5319 Fig. 13 20] F 1971 ASA- sl
5 cm Zolox SAHE B IES AlFsial don,
B AFoMe o] F #7189 sl A™RG 003, RG 014,
RG 018, RG 057, RG_069)2] H|oJE|Z o] &3l SA12A
S ANEIEE. Y AY9S 9= 31.112-31.422°N, %
109.718~110.239°Well AA #-3x=o] 21ow Chihuahua A}
27} Sonora AP Atolol] f1XJ3)] Qo] o] XS FHOZ
oF 600,000 km¥} 7% oz o]Fo]A U}t Table 19]
A Be nle) o] %= Y 1,250~1,640 mol] IX]3|
Rom B Fele IR FE(loam)E ©1F01A SUTh. 4
AL BE(shrub)e] A Xe] 238 FY 9lom iR
ZY(grassland) FEIZ =] ch. AT -5 350
mmo|iL 7S 1do) 53¢ 7l Hn, AdE Bx 7
g2 gy} vt 258 B 9190 799 A%
3ol 60%7F S HTHSoil Moisture Experiments in
2004).

22 BREYSEY U UL 2=

Fig. 2= s7f did A3elxe] 257kl be g B
T e s VER AAE aejzeln. F
12299 #Z7RE F 308 H9)9] Aol B er
BE7E = 7RI 5% wlRko 2 i EdaRETe] A
). 79 FollA 88 F7HA(DOY 195-229) 457}
FEzHo= olojon, 98 F(DOY 26200 7] Ao

Kilometers

Fig. 1 The Walnut Gulch Experimental Watershed with locations
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Rt A e sk



shrub
shrub
shrub
shrub
grass

Vegetation Cover

Soil Type
Off watershed but sandy
Chiricahua very gravelly clay loam
Shiefflin very stony loamy sand
Tombstone very gravelly fine sandy loam
Blacktail gravelly sandy loam

Elevation (m)
1,253
1,373
1,358
1,462
1,640

Table 1. Basic Soil Properties of the Observation Sites (Soil Moisture Experiments in 2004)
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Table 2. Summary of field statistics and PPCC test

Date Number of Mean gtar}dgrd Coefticient of| . PPCC Fitness of
(Day of Year sites (%) e\(/(;: ;1on Variation Skewness | - Kurtosis Normal Log-normal PDF
153 5 232 1.23 0.53 1.52 1.82 Reject Accept LN
154 5 2.30 1.22 0.53 1.62 2.24 Reject Accept LN
155 5 2.24 1.23 0.55 1.59 2.14 Reject Accept LN
157 5 2.45 1.24 0.51 1.81 3.37 Reject Accept LN
158 5 235 1.24 0.53 1.80 3.23 Reject Accept LN
159 5 2.26 1.20 0.53 1.82 3.33 Reject Accept LN
160 5 2.19 1.20 0.55 1.83 3.34 Reject Accept LN
161 5 2.18 1.20 0.55 1.87 3.63 Reject Accept LN
162 5 1.98 1.13 0.57 1.66 2.45 Accept Accept N/LN
163 5 1.87 1.15 0.61 1.56 1.96 Reject Accept LN
164 5 1.84 1.16 0.63 1.49 1.67 Reject Accept LN
165 5 1.85 1.17 0.63 1.48 1.63 Accept Accept N/LN
167 5 1.84 1.12 0.61 1.66 2.50 Reject Accept LN
168 5 1.73 1.13 0.65 1.60 2.23 Reject Accept LN
169 5 1.77 1.13 0.64 1.68 2.63 Reject Accept LN
170 5 1.75 1.09 0.62 1.64 2.47 Reject Accept LN
171 5 1.81 1.11 0.61 1.66 2.53 Reject Accept LN
172 5 1.86 1.09 0.59 1.73 2.84 Reject Accept LN
173 5 1.70 1.09 0.64 1.71 2.85 Reject Accept LN
174 5 2.82 1.99 0.70 0.92 -1.46 Accept Accept N/LN
175 5 3.66 2.83 0.77 1.37 1.10 Accept Accept N/LN
176 5 4.16 1.88 0.45 -0.33 -2.65 Accept Accept N/LN
177 5 4.86 3.76 0.77 1.69 2.94 Reject Accept LN
178 5 3.96 2.97 0.75 1.65 2.59 Reject Accept LN
179 5 3.78 2.69 0.71 1.41 1.64 Accept Accept N/LN
180 5 4.23 4.02 0.95 1.86 3.47 Reject Accept LN
181 5 3.94 322 0.82 1.62 2.44 Reject Accept LN
182 5 3.23 2.28 0.71 1.31 0.86 Accept Accept N/LN
183 5 2.60 1.56 0.60 0.67 -2.02 Accept Accept N/LN
184 5 2.21 1.20 0.54 0.45 -2.82 Accept Accept N/LN
185 5 2.03 1.12 0.55 0.60 -1.32 Accept Accept N/LN
187 5 2.13 1.08 0.51 1.45 2.19 Accept Accept N/LN
188 5 1.99 1.02 0.52 1.33 1.81 Accept Accept N/LN
189 5 1.98 0.99 0.50 1.58 2.76 Accept Accept N/LN
190 5 2.04 1.06 0.52 1.57 3.21 Reject Accept LN
191 5 230 1.22 0.53 1.82 3.66 Reject Accept LN
192 5 2.37 1.23 0.52 1.95 4.13 Reject Accept LN
193 5 2.40 1.27 0.53 1.85 3.75 Reject Accept LN
194 5 2.36 1.29 0.55 1.98 4.15 Reject Accept LN
195 5 2.30 1.27 0.55 1.87 3.79 Reject Accept LN
197 5 2.78 1.50 0.54 1.93 3.88 Reject Accept LN
198 5 7.30 4.64 0.64 0.21 -1.26 Accept Accept N/LN
199 5 8.07 3.52 0.44 -1.39 1.40 Accept Reject N
200 5 9.62 3.81 0.40 -1.97 4.01 Reject Reject -
201 5 9.08 3.81 0.42 -0.88 0.70 Accept Reject N
202 5 8.15 3.86 0.47 0.09 -1.26 Accept Accept N/LN
203 5 6.39 2.81 0.44 0.40 -1.82 Accept Accept N/LN
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Table 2. Summary of field statistics and PPCC test

Date Number of Mean gtar}dqrd Coefficient of] . PPCC Fitness of
(Day of Year sites (%) e\(/;: ;mn Variation Skewness | Kurtosis Normal Log-normal PDF
204 5 5.72 2.31 0.40 0.42 -2.45 Accept Accept N/LN
205 5 5.24 1.87 0.36 0.35 -2.89 Accept Accept N/LN
206 5 10.52 7.05 0.67 0.82 -0.12 Accept Accept N/LN
207 5 9.23 5.53 0.60 1.41 2.40 Accept Accept N/LN
208 5 8.45 5.31 0.63 1.86 3.80 Reject Accept LN
209 5 7.79 5.27 0.68 2.09 4.49 Reject Reject -
210 5 7.84 4.39 0.56 1.73 332 Reject Accept LN
211 5 8.08 4.19 0.52 1.47 2.59 Accept Accept N/LN
212 5 6.59 3.45 0.52 1.68 2.59 Reject Accept LN
213 5 5.44 2.76 0.51 1.84 333 Reject Reject -
214 5 6.70 2.68 0.40 0.63 0.06 Accept Accept N/LN
215 5 10.91 4.98 0.46 -0.71 0.58 Accept Accept N/LN
216 5 10.33 5.15 0.50 0.04 -0.74 Accept Accept N/LN
218 5 9.29 4.71 0.51 0.73 0.80 Accept Accept N/LN
219 5 9.55 4.55 0.48 0.56 1.09 Accept Accept N/LN
220 5 9.37 4,78 0.51 0.74 -0.13 Accept Accept N/LN
221 5 9.95 421 0.42 0.14 0.41 Accept Accept N/LN
222 5 11.10 4.80 0.43 -0.21 0.13 Accept Accept N/LN
223 5 11.61 6.58 0.57 0.72 0.48 Accept Accept N/LN
224 5 9.48 5.78 0.61 1.41 2.38 Accept Accept N/LN
225 5 8.31 5.34 0.64 1.86 3.68 Reject Accept LN
226 5 7.24 4.60 0.64 1.98 4.12 Reject Accept LN
227 5 8.77 5.85 0.67 0.57 -2.92 Accept Accept N/LN
228 5 11.04 7.09 0.64 0.70 -0.28 Accept Accept N/LN
229 5 12.41 6.95 0.56 0.29 0.29 Accept Accept N/LN
230 5 12.28 6.15 0.50 -0.04 1.17 Accept Accept N/LN
231 5 11.24 5.53 0.49 0.28 0.99 Accept Accept N/LN
232 5 10.15 5.14 0.51 0.83 1.84 Accept Accept N/LN
233 5 9.65 4.96 0.51 1.45 3.00 Accept Accept N/LN
234 5 8.19 4.60 0.56 2.05 4.43 Reject Reject -
235 5 6.59 4.04 0.61 2.18 4.79 Reject Reject -
236 5 5.54 333 0.60 2.16 4.72 Reject Reject -
237 5 6.52 4.53 0.69 1.75 2.99 Reject Accept LN
238 5 10.01 7.28 0.73 1.27 0.91 Accept Accept N/LN
239 5 8.74 6.02 0.69 1.75 3.25 Reject Accept LN
240 5 7.52 5.72 0.76 2.00 4.23 Reject Accept LN
241 5 6.33 5.00 0.79 2.12 4.63 Reject Reject -
242 5 5.48 3.90 0.71 2.09 4.53 Reject Reject -
243 5 4.80 2.94 0.61 2.05 4.36 Reject Reject -
244 5 4.25 2.50 0.59 2.03 421 Reject Reject -
245 5 4.06 2.27 0.56 1.93 3.81 Reject Accept LN
246 5 3.97 2.16 0.54 1.85 3.55 Reject Accept LN
247 5 6.32 4.08 0.65 1.12 1.03 Accept Accept N/LN
249 5 10.26 6.36 0.62 1.27 2.31 Accept Accept N/LN
250 5 8.94 5.86 0.66 1.63 3.14 Accept Accept N/LN
251 5 7.58 5.67 0.75 1.88 3.72 Reject Accept LN
252 5 6.43 5.16 0.80 2.02 4.19 Reject Accept LN
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Table 2. Summary of field statistics and PPCC test

Date Number of Mean Star}da:rd Coefficient of| . PPCC Fitness of
(Day of Year sites (%) Dez(:/i ;1on Variation Skewness Kurtosis Normal Log-normal PDF
253 5 5.31 4.15 0.78 2.08 4.48 Reject Accept LN
254 5 4.55 3.34 0.73 2.09 4.55 Reject Reject -
255 5 4.07 2.73 0.67 2.08 4.51 Reject Reject -
256 5 3.82 2.47 0.65 2.07 448 Reject Reject -
257 5 3.70 2.26 0.61 2.05 443 Reject Reject -
259 5 3.52 2.07 0.59 2.09 4.54 Reject Reject -
260 5 3.77 1.79 0.47 1.72 2.73 Reject Reject -
261 5 442 2.59 0.59 0.78 -2.28 Reject Accept LN
262 5 5.58 3.42 0.61 0.45 -1.15 Accept Accept N/LN
263 5 14.52 5.77 0.40 0.55 -0.26 Accept Accept N/LN
264 5 14.50 4.71 0.32 1.58 2.89 Accept Accept N/LN
265 5 12.25 443 0.36 1.66 3.28 Reject Accept LN
266 5 10.96 432 0.39 1.91 3.98 Reject Accept LN
267 5 10.09 443 0.44 2.09 4.52 Reject Reject -
268 5 9.17 437 0.48 2.17 4.78 Reject Reject -
269 5 8.78 4.10 0.47 1.49 1.96 Accept Accept N/LN
270 5 9.03 4.25 0.47 0.78 -0.70 Accept Accept N/LN
271 5 8.35 4.05 0.48 1.15 1.62 Accept Accept N/LN
272 5 7.53 3.74 0.50 1.27 2.44 Accept Accept N/LN
273 5 6.64 333 0.50 1.38 2.98 Accept Accept N/LN
274 5 5.92 2.89 0.49 1.38 3.02 Reject Accept LN

N = normal, LN = Log-normal
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