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Article Info ABSTRACT
Article type: Background and Objectives: Soil surface, as a boundary layer separating
Research Full Paper land from the atmosphere, plays a significant role in the exchange of heat

and moisture fluxes between the land and the atmosphere. Soil surface

Article history: temperature affects all components of the energy balance at the soil
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Revised: 08.17.2025 flux into the soil. Land Surface Temperature (LST) is one of the most
Accepted: 09.24.2025 important products that can be extracted by sensors operating in the

thermal infrared spectral range. The MODIS sensor is one of the most
important of these sensors, installed on the Aqua and Terra satellites,

KeVWOV?_S: . capable of providing land surface temperature at four different times of the
E[Jc;iisi-s\t/:nld?g\c/){]r{ce night and day. Given the close relationship between land surface
MODIS seﬂsor ' temperature and hydro-climatic variables, this study used land surface

Multiple linear regression, ~ {emperatures obtained from this sensor to estimate soil depths temperatures
Surface temperature and pan evaporation.

Materials and Methods: To conduct this research, six synoptic
meteorological stations located in Kurdistan province were selected.
For these six stations, alongside data on soil temperatures at various
depths and evaporation from the pan, four LSTs derived from the MODIS
sensor, including LSTTerra-Night, LSTTerra-Day, LSTAqua-Night, and
LSTAqua-Day, were extracted. By averaging the nighttime and daytime
land surface temperatures from the Aqua and Terra satellites, two average
temperatures, namely LSTTerra-Mean-Night&Day and LSTAqua-Mean-
Night&Day, were also derived. After forming daily time series from the
aforementioned variables over the statistical period of 2002-2021, multiple
linear regression modeling was employed using the stepwise method. The
six land surface temperatures mentioned were used as predictor variables
for soil temperatures at various depths and evaporation from the pan at two
scales: stational scale (for each of the six stations separately) and the
regional scale (considering the total six stations). The model validation
process at the station scale involved using 75% of the total data from each
station (period 2002-2016) for calibration and the remaining 25% of the
data (period 2017-2021) for validation. At the regional scale, cross-
validation of the regression models was performed using a method that
involved six separate stages (at each stage, one station was removed). Two
performance metrics, the coefficient of determination (R2) and the mean
absolute error (MAE), were used to assess the model performance.
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Results: The results obtained from the calibration of regression models at
both station and regional scales showed that among the six land surface
temperatures derived from the MODIS sensor, the multiple linear
regression models that emerged were mostly effective in simulating
temperatures at different soil depths based on four land surface
temperatures and for evaporation from pans based on three land surface
temperatures. The two daily average temperatures obtained from the Aqua
and Terra satellites played a significant and prominent role in all the
obtained models for both soil depth temperatures and evaporation from
pans. The results of validating the regression models for simulating
temperatures at different soil depths indicated that both at the stational
scale and the regional scale, based on both the coefficient of determination
and the mean absolute error, the regression models performed well in
simulating soil temperatures in the shallower layers (depths of 5 to 30
centimeters from the soil surface) and faced some decline in performance
at a depth of 50 centimeters. At a depth of 100 centimeters from the soil
surface, the decline in model performance compared to the surface layers
was significant. This decline in model performance was attributed to the
fact that soil temperatures at deeper depths are strongly dependent on the
amount of net energy reaching the soil surface, and as heat penetrates from
the soil surface to deeper layers, this energy and heat wave are gradually
dissipated, leading to a lesser dependence of soil temperature at lower
depths on land surface temperature. Regarding evaporation from pans,
the validation results indicated a weaker performance of the obtained
regression models in simulating evaporation from pans compared to soil
temperatures at different depths. The results also indicated that the
regression models performed somewhat more effectively at the station
scale than at the regional scale, both in simulating soil temperature at depth
and in simulating pan evaporation.

Conclusion: The overall results of this research indicated that the six
surface temperature readings obtained from the MODIS sensor, accessible
through the Aqua and Terra satellites, have a high potential for simulating
soil temperatures at various depths, particularly in the upper layers. Thus,
these surface temperatures can be used as the main variable to directly
simulate soil temperatures at both stational and regional scales. Regarding
the simulation of evaporation from pans, the results from the regression
models showed that it is not possible to directly estimate evaporation from
pans with high accuracy solely by using surface temperatures. However,
given the appropriate role and degree of influence that surface temperatures
exhibited on evaporation from pans, there is potential to use them as
auxiliary and useful variables alongside other factors that affect
evaporation from pans.
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Table 1. Geographic characteristics and texture of the soil surface layer at the synoptic stations studied

in Kurdistan Province.
oy SWlar 5 e slrr b (o) glis) Sk ol
Station Latitude Longitude Elevation Soil texture
g 35°15' 17" 47° 00" 52" 1373.4 st
Sanandaj Clay loam
a 36° 13" 15" 46° 18' 39" 1522.8 o
Saghez Silty caly
(o
o 35°53' 11" 47° 37" 14" 1883.4 o
Bijar Loam
2 35° 10" 47" 47° 47' 09" 1906 o
Qorveh Clay loam
¥ ,
e 35° 29' 48" 46° 09' 06" 1286.6 o
Marivan Clay loam
= 36° 03' 35" 46° 54' 49" 2142.6 st
Zarineh Clay loam
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Table 2. Coefficient of determination and coefficients of multiple linear regression models in estimating soil
temperature depths using six land surface temperatures over both stational and regional scales.

ol ©M) Gos law sl o e g ¢ g s T - R
. 2 - < < e £ Z £
Station Depth (cm) Intercept Z) Z) (E (E § £ § g

5cm 2.87 0.268 - 0.054 - 0.32 0.37 0.964
10 cm 3.32 0.23 - - 0.049  0.346 0.48 0.966
T 20 cm 4.73 - -0.184 - 0091 0698 0502  0.958
Sanandaj 30 cm 5.43 0.166 - - 0111 0305 0504  0.943
50 cm 7.09 - -0.182 - -0.109 0588 0502  0.902
100 cm 10.62 0.239 0.045 0.114 - - 0213  0.755
5cm 4.04 - -0.388 - - 0952 0314 0944
10 cm 4.27 - -0.339 - - 0.891 0315  0.953
i 20 cm 5.13 - -0.241 - -0.04 0.72 0.339  0.949
Saghez 30 cm 5.7 0.22 - 0.03 - 0223 0235 0.93
50 cm 6.71 - -0.191 - - 0.585  0.208  0.885
100 cm 8.99 - 0.094 0101 0061  0.358 - 0.722
5cm 521 0.255 - 0.181 0.13 0.224 - 0.936
10 cm 5.39 0.202 - 0.048 - 0.255  0.265  0.942
<) 20 cm 557 0.151 - - -0.052 0269 0333 0931
Zarineh 30 cm 5.93 0.127 - 0.062 - 0.264 0206  0.916
50 cm 6.63 0.090 - 0.066 - 0252 0166  0.873
100 cm 8.05 - - - 0039 0231 0119 0712
5cm 3.79 0.330 - - 0031 0205 0430 0951
10 cm 4.36 0.253 - 0.034 - 0.248 0351  0.954
053 20 ¢cm 5.13 0.206 - - -0.07 0.249 0428  0.945
Qorveh 30 cm 571 0.183 - 0.090 - 0.234 0261  0.926
50 cm 7.25 - -0.177 0.202 0.108 0545 - 0.876
100 cm 9.73 - -0.145 0.172 0.060  0.422 - 0.731
5cm 4.03 - -0.246 0.053 - 0752 0326  0.958
10 cm 4.42 0.164 - 0.080 - 0314 0307  0.962
S 20 cm 5.26 - -0.138 - 0109 0587 0478  0.954
Bijar 30 cm 5.08 - -0.138 0.241 0111 0548 - 0.934
50 cm 7,59 - -0.148 0.242 0.09 0.495 - 0.884
100 cm 10.88 - -0.147 0.233 0.036  0.393 - 0.726
5cm 2.75 0.478 - -0.038 - 0.19 0.4 0.954
10 cm 3.05 - -0.342 - 0.052 0993 0284  0.958
g pe 20 cm 35 - -0.227 - 0.034 083 0263  0.953
Marivan 30 cm 4.17 - -0.161 - - 0.727 0.27 0.939
50 cm 4.99 - -0.072 - - 0.597 0.22 0.906
100 cm 7.08 - - - - 0454 0132  0.803
5¢cm 4.65 0.362 - 0.222 0.147  0.206 - 0.944
1 ja) e IS 10 cm 5.16 - -0.327 0.216 0142  0.889 - 0.948
~ 20 cm 5.99 - -0.295 0.095 - 0.818 0237  0.939
(o L olSasl 30cm 6.48 0.265 - 0.103 - 0222 0205  0.923
Total region 50 cm 7.86 0.258 - 0.116 - 0.183 0.162 0.875
100 cm 10.62 0.306  0.0479 - -0.138 - 0.343  0.726
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Table 3. Coefficient of determination and coefficients of multiple linear regression models in estimating pan
evaporation using six land surface temperatures over both stational and regional scales.

R e 51 52 f ¢ f g if 15
. s 2 g 2 5 ¢ El
station Intercept [iny = = = (Rag 2
P 2 9 9 2 8§ §*
(e -1.04 ; ; ; 0063 0191 0274 076
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S -0.41 - - 0.08 - 0.187 0136  0.72
Saghez
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Table 4. Results obtained from applying calibrated regression models over 2002-2016 on the validation period
2016-2021 to estimate soil temperatures at different depths and pan evaporation at the stational scale based on

R? and MAE.
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1 4B 35 15 35 L& s
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* o 0% w ¥ w ¥ o % uw ¥ w x x
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Figure 1. Scatter diagram between measured and estimated soil temperature at different depths and pan
evaporation over 2017-2021 in the case of calibrating regression models at stational scale.
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Figure 2. Histogram of residuals of soil temperature at different depths and pan evaporation over 2017-2021
in the case of calibrating regression models at stational scale.
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Table 5. Results obtained from Leave-One-Outcross cross validation to estimate soil temperatures at different
depths and pan evaporation at the regional scale based on R? and MAE.
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Figure 3. Scatter diagram between measured and estimated soil temperature at different depths and pan
evaporation at regional scale using cross validation.
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Figure 4. Histogram of residuals of soil temperature at different depths and pan evaporation at regional scale
using Leave-One-Out cross validation.
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