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1- Soil Vegetation Atmosphere Transfer
2- Fourier
3- Richards
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Table 1. Measured soil physical properties for different layers in the Saghez synoptic station.

(des ) JTesls (ds 33) oz Sk sl oo s o Ao aule Ao ys (o 5le) St Ges
Organic matter (%) Porosity (%) Soil texture Clay (%) Silt (%) Sand (%) Soil depth (cm)
228 63.2 e 42 43.8 14.2 0-5
Silty clay
1.66 55.7 o 44 418 14.2 5-10
Silty clay
1.52 54.1 i 54 33.8 12.2 10-20
Clay
1.12 52.8 e 47.6 344 18 20-40
Clay
1.12 55.1 i 52 33.8 14.2 40-60
Clay
1.03 53.9 i 55.6 344 10 60-100
Clay
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1- Kersten

2- Brooks and Corey

3- Mualem

4- Monte Carlo Marcoc Chain
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Table 2. Default and Calibrated values of the selected model parameters.

EAREG L eyl b aly Caxlid s il P A M el s e
Parameter Related process Unit Uncertainty range  Default value  Calibrated value
Sb a3l s
Bquil AdjustPsi che S - 0-2 1 1.72

Soil evaporation

Sb b s
MaxSurfDeficit cubEs

mm 3-1 2 -2.70
Soil evaporation

Sk (IENE
DVapTortuosity 2 ; 03-1 0.66 0.40
Soil water vapour flow

= b
AlbedoDry A o

% 20 -35 30 26.89
Net radiation

Sl b S culia
ClayUnFrozenCl - 0.1-0.2 0.13 0.17
Soil thermal conductivity

5 sledde
OnlyRainPrecTemp S °C 2-4 2 2.00

Snow modelling

Sk BWRGIETY
Sensivity Hoda . 0-1 0.5 0.30
Soil hydraulic conductivity

ThSeal Sl ol S culas
caleLog - -0.5-0.5 0 -0.03
Soil thermal conductivity

ZeroTemp_WaterLimit Sl Kg.m? 1-10 3 6.41
Snow modelling
AgeUpdatePrec S s Kg.m? day’ 0-10 5 8.30
Snow modelling
cbaaY 3 S Sl Sl sy S s S ol O Ko cimen ¥ s
le.ﬁqy Qﬁﬁ Jg)bu*“‘m)j""& )\ ).7&>=]a.w u..a;—L.Z- 93 U”'L"\ r °}i.54'5) d.,\,a _Sjgla& LL;LS
5 e St Gl L S e s 5 e ok Slsl > ® 5 MAE
3L ol cbaa¥ b anslie 53 Gy 6 Ll e Al ) & ol o3 S b

AR



Pruigh iy

Pl g 0598 53 s o) 5 Slesl o ‘AJZJJL; o gely 9 dﬂfﬂ 23l b Sl g s Uas s el pslae ¥ Jgd=

Table 3. Error indices values with default and calibrated values for different times and depths in the

calibration period.

o ey ity eslie b
Default value parameters

Lo zal,l ol el juolis L
Calibrated value parameters

Time Index ocm \»cm  Y'cm  Yecm 0 cm ocm \+cm Y.cm Yicm 0 cm
Scm 10cm  20cm 30cm 50cm Scm 10cm 20cm 30cm 50cm
MBE (°C) -2.27 -0.13 -1.36 -0.37 -1.36 -1.44 0.39 -0.76 0.43 -0.36

LSy
@ﬂ; MAE(°C) 2.77 1.58 1.75 2.05 1.47 2.13 1.51 1.39 1.83 1.13

3 GMT

R’ 0.91 0.94 0.97 0.97 0.97 0.93 0.95 0.97 0.97 0.97
MBE (°C)  0.81 -1.93 -1.47 -0.85 -1.45 1.39 -0.89 -0.67 -0.16 -0.58

w5
@ﬂ; MAE(°C) 2.70 2.88 1.81 2.34 1.55 2.88 2.30 1.32 1.94 1.14

9 GMT
R’ 0.92 0.96 0.96 0.97 0.97 0.92 0.96 0.97 0.97 0.98
MBE (°C) -2.92 -2.19 -0.85 -0.35 -1.54 -1.79 -0.90 0.49 0.77 -0.66

L SN0
@ﬂ; MAE(°C)  3.92 3.61 1.86 2.16 1.64 343 3.04 1.83 2.00 1.15

15 GMT
R’ 0.92 0.91 0.94 0.96 0.97 0.91 0.91 0.95 0.96 0.97
MBE (°C) -146 -1.42 -1.23 -0.52 -1.45 -0.61 -0.47 -0.31 0.35 -0.53

LS00 54
@ﬂ; ’ MAE(°C)  3.13 2.69 1.81 2.18 1.55 2.81 2.28 1.51 1.93 1.14
3,9,15GMT

R’ 0.90 0.94 0.96 0.96 0.97 0.91 0.94 0.95 0.96 0.97
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Table 4. Error indices values in the hourly scale in calibration and validation periods for different soil depths

and seasons.

el g 093 o lzel o) 53
o Lals Calibration Period Validation Period
Season Index ocm \rcm Y.cm Y+cm 6rcm ocm \+cm Y.cm Y+cm orcm
Scm 10cm 20cm 30cm 50cm Scm 10cm 20cm 30cm 50cm
MBE (°C) 2.16 -2.37 -1.62 -0.27 -0.92 243 -2.66 -1.89 -1.74 -1.34
e MAE(°C) 3.27 2.80 1.93 2.42 1.17 3.02 3.02 2.02 1.80 1.39
Spring
R’ 0.84 0.87 0.90 0.91 0.94 0.90 0.88 0.93 0.94 0.95
MBE (°C) -1.83 -1.58 -0.22 1.42 0.51 -2.84 -3.22 -1.54 -1.39 -0.98
Ol
’ MAE(°C) 2.96 2.22 1.30 2.29 0.86 3.83 3.84 1.77 1.54 1.05
Summer
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1wl
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Winter
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Figure 1. Comparing the simulated values and observed ones for hourly scales for 10cm soil depth in the

validation period.
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Table 5. Error indices values for mean daily soil temperature at differernt depths in the validation period.

S Ges
Sl mlie el Soil depth
Time scale Index ocm \rcm Y.cm Y.cm 0+cm
Scm 10cm 20cm 30cm 50cm
MBE -0.80 -0.31 -0.46 -0.57 -0.75
e\ (we
MAE 2.20 2.00 1.55 1.26 1.06
Annual
R’ 0.96 0.96 0.97 0.97 0.98
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Figure 2. Comparing the MAE for daily and hourly scales for different soil depths in the validation period.
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Abstract

Background and Objectives: Soil temperature is an important and effective variable
influencing the different biophysicochemical processes in soil. Soil temperature also has a direct
and indirect impact on plant activities and has a remarkable effect on the mass and energy
transfer rate between soil and atmosphere. With respect to having limited and non-complete soil
temperature data, modeling the soil temperature is very important. In this context, SVAT
models which are on the basis of the solving the coupled soil heat and water transfer equations
have a high importannce and acceptable accuracy.

Materials and Methods: To perform this research, a SVAT model was used to simulate the
hourly soil temperature in different depths. The synoptic weather station (Saghez station) was
selected to perform this research. Based on the measured data of the soil physical properties in
different layers and several meteorological variables in a multi-year time period, the hourly soil
temperature values were simulated in different soil depths. The Bayesian method was used to
calibrate the model by considering 10 main model parameters and by performing 8000 model
runs on the basis of the different combinations of the parameter values in their uncertainty range
using the Monte-Carlo stochastic method in the 1994 to 2009 time period. Then, the calibrated
model was validated in the 2010 to 2014 time period and to evaluate the model performance,
three indices including mean absolute error (MAE), mean biased error (MBE) and coefficient of
determination (R*) were applied.

Results: The bayesian calibration results showed a sensible change in the 10 selected parameter
values compared to their default values with a good calibrating process. In the calibration
period, the value of all of the performance indices in most cases was improved after calibration
process in comparison to the default-value parameters case. The results of model validation
showed non-remarkable differences between the model performance indices for two calibration
and validation cases and therefore, an acceptable performance of the calibrated model can be
expected to forcast the hourly soil temperature values in any desired period so that the
coefficient of determination (R”) was obtained more than 0.9 in all of the studied times and soil
depths. However, the model performance did not show a similar behavior during different
seasons so that based on the R” criterion, the lowest model performance was occurred during the
winter but on the basis of the MAE criterion, the best and lowest model performance was
occurred in the winter and both spring and summer seasons, respectively. The results also
showed that the overall tendency of the model simulations is to underestimate the spring and
summer and overestimate the autumn and winter soil temperatures and in the annual scale, an
overall model underestimation can be recognized. The daily mean soil temperature simulation
results showed less error values in comparison to the hourly soil temperature simulations.

* Corresponding Author; Email: y.khoshkho@uok.ac.ir
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Conclusion: The overall results of this research showed that although the SVAT model used in
this study is suitable for simulating hourly and daily temperature values of different depths of
the soil, but by collecting and involving more data like soil moisture data in the calibration
process, it is possible to achieve more accurate results than the model. Also, due to the existence
of specific processes affecting soil temperature in both summer and winter, it is suggested that
the calibration process of model parameters for these two seasons should be done separately.

Keywords: Bayesian method, Saghez station, Soil temperature, SVAT model
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