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Precipitation is one of the essential parameters of the water cycle, the
estimation of which is effective in water and soil resources management. In
this study, the SM2RAIN-NWF algorithm was used to estimate irrigation
water consumption at the field scale based on satellite soil moisture data.
Satellite soil moisture observations obtained from Advanced Microwave
Scanning Radiometer (AMSR2) along with GLEAM products and rainfall
were used for the period of 2012-2020 as model inputs. Precipitation
estimation was performed for three different sites including an agricultural
land in Miandoab, a vegetated surface in Malekan, and a barren land in
Bonab. Using this model, the coefficient of determination (R?) of
precipitation estimation was between 0.53 and 0.70. A comparison of the
results revealed that the model exerted much better results in regions with
no vegetation. The results of irrigation estimation in Miandoab plain
showed that although the model systematically over/under-estimated
irrigation data in some seasons compared to the in-situ data, the average
performance of the model in irrigated regions (NS = 0.55, R? = 0.63, and
PRMSE = 2.48%) proved that the proposed approach can provide a suitable
prediction of irrigation pattern.
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EXTENDED ABSTRACT

Introduction

Using satellite information makes it possible to
estimate precipitation data in various regions.
Advances in satellite remote sensing have
resulted in the emergence of numerous global
precipitation products with high spatial and
temporal resolutions. Change in soil moisture is
one of the parameters that are highly influencing
during rainfalls. Soil ~moisture increases
remarkably during precipitation and gradually
decreases afterward. Changes in soil moisture
can be used as an indicator to estimate the
amount of precipitation in a region. The present
study aimed at developing the SM2RAIN
algorithm to calculate precipitation and the
amount of irrigation water consumed in the
Miandoab plain. Accordingly, in addition to
considering the effects of runoff in precipitation
estimation and considering evapotranspiration in
calculating the amount of irrigation water, an

analytical infiltration model with satellite images
of soil moisture as the only input data is
presented in the algorithm instead of a simple
infiltration model. Therefore, providing an
appropriate estimation of precipitation and
irrigation water data based on satellite imaging
tools is the main goal of this study.

Material and Methods

Miandoab plain, 50" 36°-15' 37° N, 50" 45°-15'
46° E, is located in the southern part of Urmia
Lake in West Azarbaijan province, lran. Its
overall topography is uniform and flat. The
average height of the plain is 1292 m above sea
level. The lowest and highest points of the plain
are 1279 and 1400 m above sea level,
respectively. The main surface water resources in
the Miandoab plain are the Zarrineh-Roud and
Simineh-Roud rivers, which flow into Urmia
Lake. Figure 1 depicts the location of the study
area.
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Fig.1 Location of the study area

Soil moisture data was used to simulate
precipitation and irrigation patterns. Precipitation
data was used to recalibrate the model, while the
irrigation data was used to validate the
precipitation estimation model. The daily
precipitation data obtained from synoptic stations
and irrigation data from Miandoab plain for the
years between 2012 and 2020 were used in this
study. The data received from the Regional
Water Company of West Azarbaijan province.
Missing data were estimated by the interpolation
method to provide a reliable, complete dataset.
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AMSR2 C1, AMSR2 C2 and AMSR2 X satellite
products were used in this study. In order to
validate the model, the remote sensing-based soil
moisture products that performed well in the
initial evaluation in the target basin in a range
between 2012 and 2020 were used. The
SM2RAIN paradigm was developed using the
analytical model of the net flow flux on the soil
surface presented by Sadeghi et al. (2019). The
output of this model is the subtraction of the
volume of evapotranspiration from the volume of
infiltration. Richard’s equation (Eqg. 1) is used to
calculate soil moisture changes.
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Where, 0 is the volumetric moisture content, D is
the water diffusion coefficient in the soil, K is
the hydraulic conductivity of the unsaturated soil,
and 7 is the depth of the soil.

Results
According to Table 1, all the three bands of the
AMSR2 satellite products (X, Cl and C2)

provided very close results to the observational
data for precipitation estimation, both in
calibration and verification stages. As an
example, in the Miandoab agricultural sector,
values of NS, PRMSE and R? in AMSR2 C1
were obtained as 0.51, 0.53, and 2.43%,
respectively. These values were 0.59, 0.62, and
2.2%, respectively, for the calibration, showing
the appropriate performance of the model.

Table 1 Evaluation of cumulative rainfall estimated with observed rainfall

Model AMSR?2
Band C1 C2 X
Error evaluation criteria NS R?> PRMSE (%) NS R? PRMSE (%) NS R? PRMSE (%)

059 0.62 2.20
051 0.53 243

Calibration
Validation

061 0.64 215
052 053 244

0.67 0.68 211
053 057 2.38

Table 2 shows the performance of the model in
estimating irrigation water consumption using
the data of all AMSR2 satellite bands completed
with the GLEAM satellite products. R? and NS
values equal to 0.70 and 0.51, respectively,
obtained for the X band prove the acceptable

performance of the model in estimating the
amount of irrigation water. Irrigation water
estimation conducted using the AMSR2 C1
satellite data completed by GLEAM also showed
efficient performance with R? and NS of 0.63
and 0.51, respectively.

Table 2 Evaluation of the estimated amount of irrigation based on correlation coefficient indicators

Models AMSR2
Cl C2 X
Error evaluation criteria NS R?>  PRMSE (%) NS R? PRMSE (%) NS R? PRMSE (%)

Calibration 051 0.63 251 0.52 0.66 2.48 0.51 0.70 2.46
Validation 0.54 0.61 2.53 0.53 061 251 055 0.63 248
Conclusions 3. The results of irrigation simulation obtained

In this study, the SM2RAIN-NWF algorithm was
used to estimate precipitation and volume of
irrigation water in the Miandoab plain. The
results can be summarized as below:

1. The SM2RAIN-NWF model applied to the
AMSR?2 soil moisture data in the period of 2012-
2020 can estimate temporal pattern of
precipitation and irrigation water data. However,
it systematically under/over-estimates irrigation
amount compared to the in-situ data in some
seasons.

2. The investigated sites in this study include
agricultural surface cover, vegetation cover, and
barren lands. The model showed much better
results in areas with no vegetation cover.

Environment and Water Engineering

using the X band of AMSR2 and the GLEAM
satellite products for the Miandoab station
showed R? and NS values equal to 0.70 and 0.51,
respectively, indicating  the  acceptable
performance of the model in estimating the
amount of irrigation water.

Data Availability

Data can be shared by the corresponding author
via email (malekb@ut.ac.ir) upon reasonable
request.
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Table 1 Values of model parameters obtained from calibration in the period of 2012-2018

Station Band Z b Tmax D k
5. C1 2.60 23.03 15.9 8.0 152.7 1.0
§ C2 1.83 24.05 15.9 8.0 152.7 1.0
& X 34.4 16.25 15.9 8.0 152.7 1.0
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Table 2 Evaluation of cumulative rainfall estimated
with observed rainfall based on error evaluation

criteria
Band C1
Error 2 o
Evaluation NS R FRMSE (%)
Calibration 0.59 0.62 2.20
Validation 0.51 0.53 2.43
Band Cc2
Error 2 0
Evaluation NS R PRMSE (%)
Calibration 0.61 0.64 2.15
Validation 0.52 0.53 2.44
Band X
Error 2 o
Evaluation NS R PRMSE (%)
Calibration 0.67 0.68 2.11
Validation 0.53 0.57 2.38
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Fig. 2 Precipitation estimation at Miandoab site on

rainy days using AMSR2 a) X- band satellite products

and supplemented with GLEAM b) C1-band satellite

products and supplemented with GLEAM c) C2-band
satellite products and supplemented with GLEAM
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Fig. 4 Estimation of the amount of irrigation in the
Miandoab site using: a) band X and GLEAM «b) band
C2 and GLEAM and c) band C1 and GLEAM
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Fig. 3 Precipitation estimation on rainy days using C1-
band AMSR2 with GLEAM.
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Table 3 Evaluation of the estimated amount of irrigation in the agricultural region of Miandoab
Models AMSR2
C1 C2 X
Error
PRMSE PRMSE PRMSE
. 2 2 2

Evaluation NS R %) NS R (%) NS R (%)
Calibration ¢ 5 0.63 2.51 0.52 0.66 2.48 0.51 0.70 2.46
Validation 0.54 0.61 2.53 0.53 0.61 2.51 0.55 0.63 2.48
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