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Comparative Study of Soil Water Content between the SMAP Satellite Data
and the TDR Measurements in Paddy Field, Northeast Thailand
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ABSTRACT

Soil moisture has an important role in plant growth. Measurement of soil water content can be
conducted using direct or indirect methods. Nowadays, satellite data of water content are widely used
and accessible via the Internet. This paper aimed to validate the soil water content data from the Soil
Moisture Active Passive (SMAP) satellite in paddy field, north-east Thailand. The satellite soil water
content data were compared with those measured in the field using the Time Domain Reflectometry
(TDR). The 264 measurements were conducted in 10 sites (3-5 repetitions/site), covering ~12,000 km?
in Roi Et, Kalasin, and Mahasarakham during November (the end of rainy season) to June (beginning
of rainy season). The correlation of soil water content data collected between SMAP and TDR was
moderately good (°=0.752). The overall RMSE was 0.112 m*m®, while the RMSE below 0.05 m*/m®,

which corresponds to the expected accuracy of the SMAP requirements (0.04 m3/m3) were found during
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the end of the rainy season (November-December). The SMAP satellite data can indeed represent

the dynamics of soil water content in paddy fields during the dry season.

Keywords: Soil water content, SMAP, Time Domain Reflectometry, Paddy field, North-East Thailand
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Table 1 Description of the TDR measurement sites
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Site Latitude Longitude

Administrative Location

Site Characteristics

(Tambon, District, Province)

LS001 15.607 103.233

LS002 15.929 103.793

LS003 15.822 103.831

LS004 15.521 103.808

LS005 15.573 103.695

LS006 15.632 103.449

LS007 15.859 103.178

Sarakham

LS008 16.274 103.801

LS009 16.267 103.614

LS010 16.274 103.457

Phan-aen, Phayakkhaphum
Phisai, Maha Sarakham

Khwao Thung, Thawat Buri, Roi Et Paddy field in lowland along the Chi River;
Nong Kham, At Samat, Roi Et

Sa Khu, Suwannaphum, Roi Et

Na Kha, Wapi Pathum, Maha

Bua Kham, Pho Chai, Roi Et
Thanya, Kamalasai, Kalasin

Paddy field with bund higher than 1 m.; no
surface water source

using shallow groundwater

Paddy field near creeks; ponding water in
the rainy season

Paddy field in a land reform project (Large-
Scaled Field) with ditch and dike

Hin Kong, Suwannaphum, Roi Et Paddy field with small ponds scattered

throughout area

Phon Sung, Pathum Rat, Roi Et Paddy field; no surface water source; gravel

soil; stubble burning in dry season

Paddy field with lowland and upland
alternately and large bund

Upland cassava; no surface water source
Irrigated paddy-field; double rice cropping;
available water source

Khok Sa-At, Khong Chai, Kalasin Mixed small and large paddy fields; no

surface water source
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Figure 1 Study area located in Roi Et, Kalasin, and Mahasarakham
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(d) Oven

(e) Digital scale (f) TDR

Figure 2 Instruments for soil sampling and soil water content measurements in laboratory and in field
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Table 2 Comparison of soil water content between SMAP satellite retrieval and TDR measurement

Site 28 Nov 2020 29 Dec 2020 3 Apr 2021 18 Jun 2021 Average
LS001 0.238 0.178 0.076 0.256 0.187
LS002 0.257 0.185 0.093 0.229 0.191
LS003 0.247 0.178 0.099 0.233 0.189
LS004 0.354 0.291 0.186 0.345 0.3
LS005 0.364 0.299 0.185 0.352 0.297

SMAP LS006 0.272 0.207 0.095 0.281 0.223
LS007 0.271 0.203 0.099 0.202 0.194
LS008 0.197 0.116 0.102 0.254 0.167
LS009 0.212 0.133 0.104 0.265 0.171
LS010 0.215 0.136 0.109 0.263 0.184
Average 0.261 0.192 0.114 0.268 0.211
LS001 0.3030.014 0.179+0.014 0.005+0.003 0.254+0.012 0.185+0.026
LS002 0.292+0.006 0.256+0.011 0.029+0.009 0.075+0.012 0.163+0.026
LS003 0.3210.005 0.245+0.009 0.029+0.013 0.307+0.012 0.225+0.027
LS004 0.308+0.015 0.216+0.006 0.002+0.002 0.116+0.016 0.169+0.027
LS005 0.222+0.013 0.146+0.011 0.005+0.005 0.184+0.017 0.135+0.020
TDR LS006 0.268+0.022 0.255+0.014 0.028+0.028 0.058+0.003 0.164+0.026
LS007 0.0780.010 0.085+0.007 0.044+0.008 0.208+0.023 0.104+0.016
LS008 0.08610.009 0.005+0.005 0.020+0.009 0.206+0.008 0.079+0.019
LS009 0.308+0.025 0.256+0.014 0.148+0.074 0.414+0.007 0.273+0.026
LS010 0.243%0.012 0.125+0.017 0.000+0.000 0.167+0.020 0.141+0.021
Average 0.244+0.013 0.177+0.012 0.027+0.007 0.185+0.014 0.161+0.008
LS001 0.071 0.028 0.071 0.024 0.054
LS002 0.036 0.075 0.067 0.156 0.095
LS003 0.075 0.069 0.075 0.077 0.074
LS004 0.055 0.076 0.184 0.231 0.153
LS005 0.144 0.154 0.18 0.171 0.164
RMSE LS006 0.049 0.055 0.083 0.223 0.124
LS007 0.194 0.118 0.058 0.046 0.119
LS008 0.112 0.111 0.084 0.052 0.093
LS009 0.108 0.127 0.114 0.149 0.122
LS010 0.037 0.036 0.109 0.105 0.078
Average 0.099 0.094 0.109 0.141 0.112

Note: SMAP (m® m?) is soil water content retrieved from the SMAP satellite; TDR (m® m?) is soil water content measured using

TDR showing mean and standard error (MEAN+SE) values; RMSE (m® m?) is the root mean square of errors between

SMAP and TDR.
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Table 3 Monthly mean of SMAP soil water content at surface, rootzone, and profile

Site Nov 2020 Dec 2020 Jan 2021 Feb 2021 Mar 2021 Apr 2021 May 2021 Jun 2021 Average

LS001 0.288 0.207 0.139 0.114 0.112 0.17 0.196 0.248 0.184
LS002 0.288 0.211 0.146 0.137 0.127 0.176 0.193 0.224 0.188
LS003 0.285 0.206 0.149 0.144 0.134 0.175 0.200 0.232 0.191
LS004 0.403 0.309 0.249 0.231 0.209 0.241 0.275 0.337 0.282
LS005 0.409 0.318 0.253 0.230 0.209 0.241 0.272 0.335 0.283
Surface  LS006 0.312 0.23 0.165 0.138 0.129 0.177 0.203 0.266 0.203
LS007 0.320 0.226 0.163 0.149 0.136 0.195 0.216 0.235 0.205
LS008 0.245 0.144 0.103 0.129 0.112 0.145 0.171 0.224 0.159
LS009 0.260 0.168 0.126 0.153 0.126 0.158 0.188 0.249 0.179
LS010 0.264 0.172 0.132 0.156 0.134 0.161 0.189 0.247 0.182

Average  0.307 0.219 0.163 0.158 0.143 0.184 0.21 0.26 0.206

LS001 0.330 0.260 0.219 0.202 0.191 0.215 0.247 0.278 0.243
LS002 0.324 0.257 0.221 0.212 0.207 0.225 0.242 0.254 0.243
LS003 0.328 0.257 0.222 0.214 0.211 0.225 0.246 0.260 0.245
LS004 0.433 0.360 0.315 0.296 0.278 0.291 0.329 0.372 0.334
LS005 0.436 0.365 0.319 0.297 0.279 0.293 0.328 0.370 0.336
Rootzone LS006 0.359 0.293 0.251 0.232 0.218 0.238 0.269 0.310 0.271
LS007 0.372 0.293 0.25 0.235 0.227 0.257 0.279 0.291 0.276
LS008 0.309 0.231 0.194 0.196 0.196 0.208 0.237 0.258 0.229
LS009 0.334 0.26 0.222 0.223 0.222 0.232 0.26 0.292 0.256
LS010 0.336 0.262 0.225 0.225 0.226 0.236 0.259 0.291 0.258

Average  0.356 0.284 0.244 0.233 0.226 0.242 0.270 0.298 0.269

LS001 0.313 0.249 0.212 0.197 0.187 0.208 0.237 0.265 0.234
LS002 0.337 0.265 0.227 0.216 0.211 0.229 0.248 0.261 0.249
LS003 0.340 0.265 0.227 0.218 0.214 0.229 0.251 0.266 0.251
LS004 0.426 0.356 0.313 0.295 0.278 0.289 0.326 0.367 0.331
LS005 0.430 0.362 0.317 0.296 0.278 0.291 0.325 0.366 0.333
Profile ~ LS006 0.341 0.281 0.244 0.226 0.214 0.232 0.260 0.296 0.262
LS007 0.354 0.282 0.243 0.229 0.222 0.248 0.269 0.280 0.266
LS008 0.294 0.224 0.19 0.191 0.191 0.202 0.228 0.247 0.221
LS009 0.318 0.252 0.218 0.218 0.217 0.227 0.251 0.279 0.248
LS010 0.320 0.254 0.220 0.220 0.221 0.230 0.250 0.279 0.249

Average  0.347 0.279 0.241 0.231 0.223 0.239 0.265 0.291 0.265




(d) LS004 (c) LS003 (b) LS002 (a) LS001

(e) LS005

Soil water content (m*fm?) Soil water content (m*fm?) Soil water content (m*m?)
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Figure 4 Soil water content at 10 sites measured using TDR and retrieved from 3-h SMAP data at

surface, rootzone, and profile from 1 November 2020 to 30 June 2021 (1)
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Figure 4 Soil water content at 10 sites measured using TDR and retrieved from 3-h SMAP data at

surface, rootzone, and profile from 1 November 2020 to 30 June 2021 (2)
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