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Introduction

Drought analysis in agriculture can not only be achieved by measuring precipitation changes but also by
using other parameters such as soil moisture. Due to the fact that soil moisture affects plant growth and yield, it
is often considered for monitoring agricultural drought. Remote sensing data are often provided from three
sources: microwave, visible and thermal. Most satellite soil moisture-based algorithms rely on passive
microwave images, active microwaves, or a combination of data from several different sensors. Among the
various remote sensing methods, the microwave electromagnetic spectrum has fewer physical limitations than
other spectrum in measuring soil moisture. However, microwave soil moisture data often have very large pixel
dimensions (more than 10 km), making it difficult to use them on a small scale.

Materials and Methods

In this study, in order to calculate the agricultural drought index at the field-scale, AMSR2 Retrieval data
were calibrated first using field moisture measurement data in the Neishabour plain during 2017 to 2019. During
the research period, 560 soil samples (20 samples in 28 shifts) were collected and soil moisture was measured in
the laboratory of the Department of Water Science and Engineering, Ferdowsi University of Mashhad.
LPRM_AMSR2_ SOILM3_001 is one of the third level products of the AMSR2 sensor, which is produced on a
daily basis with a spatial resolution of 25 x 25 km?. Land surface parameters including surface temperature,
surface soil moisture and plant water availability were obtained by passive microwave data using the Land
parameter Retrieval Method (LPRM). Then, by using Modis sensor images (NDVI and LST), linear downscaling
equations were extracted. The dimensions of the AMSR2 images were reduced from 25 kilometers to 1000
meters using these equations. In next step, SMADI Agricultural Drought Index, which is a combination of
vegetation characteristics, soil moisture and land surface temperature, was used to monitor agricultural drought
at the field-scale. Statistical indicators such as coefficient of determination (R*2), mean absolute error (MAE)
and root mean square error (RMSE) were also used to evaluate the statistical performance.

Results and Discussion
By visual analysis of the role of vegetation and land unevenness, it was found that these two factors affect the
regression relationships extracted for calibration of remote sensing data. The RMSE and MAE values for the
regression equations used in the calibration process were calculated in the range of 1.6 to 4%, which can be
considered acceptable in comparison with the mean values of the soil moisture data (15 to 20). The results
showed that changes in SMADI index in three land use zones including rainfed cultivation (R1), medium
rangeland (R2) and poor rangeland (R3) have experienced a similar trend to precipitation changes, illustrating
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that precipitation is one of the most effective factors in major changes in SMADI agricultural drought index
fluctuations. It was also observed that SMADI index changes with a delay of 1 to 8 days compared to the
precipitation changes in all three zones. In all three zones, the SMADI index followed a similar trend to in-situ
soil moisture changes. At mot 80% of the changes in SMADI-R1 index can be explained by in-situ SM-R1, and
the rest of the changes were related to other environmental factors or measurement error. This decreases to 68%
in the R3 zone. It should be noted that soil moisture monitoring can more accurately reflect the impact of
environmental factors on the changes in agricultural drought index such as SMADI than other variables; because
the rainfall recorded at the meteorological station does not necessarily occur uniformly throughout the study
area. On the other hand, any amount of precipitation will not necessarily lead to an effective change in soil
moisture storage. This also renders assessment of the performance of agricultural drought indicators difficult.

Conclusion
Examination of statistical indices of coefficient of determination (R2), mean absolute error value (MAE) and
root mean square error (RMSE) showed that the algorithm used in downscaling as well as estimating SMADI
agricultural drought index is well able to reflect the interactions between precipitation, soil moisture, vegetation
and changes in canopy temperature profile. This feature justifies and strengthens its application in
agrometeorological analysis.
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Figure 1- Topographic characteristics and location of villages map in the study area of Neishabour plain
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Table 1- Statistical characteristics of NDVI changes in pixels A, B, C and D

Normalized Difference Vegetation Index

JwSy slore 31t
Pixel name  Standard Deviation
A 0.08
B 0.06
C 0.05
D 0.03

RS wooS Kbt
Mean Minimum Maximum
0.13 0.04 0.53
0.17 0.05 0.62
0.14 0.06 0.67
0.16 0.01 0.57
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Table 2- Linear regression characteristics for 4 pixels A, B, C and D between AMSR2 SM and Insitu SM
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A 16 3.3 4.0 0.73

B 18 3.2 3.8 0.82

C 20 6.1 2.1 0.78

D 15 3.4 3.9 0.84
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Table 3- Slope, intercept and coefficient of determination of linear regression between daily temperature changes and
AMSR2 SM (P<0.05)

JuSy U O o pd I sl poye bd
Pixel name Coefficient of determination (R*)  Intercept  Line Slope
A 0.81 39.80 -2.44
B 0.95 41.76 -2.30
C 0.88 45.73 -2.67
D 0.95 50.97 -2.23
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Table 4- Summary of statistical characteristics of time series of SMADI index values in three zones R1 to R3

SMADI-R1 SMADI-R2 SMADI-R3

(Mean) ;s
(Median) «le
(Maximum) auiy
(Minimum) aies
(Variation range) s aels
(Standard deviation) ,lxe c3l,>!

0.32 0.34 0.25
0.30 0.34 0.22
0.58 0.60 0.49
0.13 0.13 0.09
0.45 0.47 0.40
0.14 0.15 0.13
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