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many aspects of life, mainly in agriculture but also in other
economic sectors. This study utilized the Google Earth Engine
(GEE) platform to evaluate two aridity indexes, the De Martonne
and FAO aridity indexes, at ten stations in Razavi Khorasan
province from 2000 to 2021. Satellite data were compared with
ground data using statistical indices such as the correlation
coefficient (CC), relative bias (RBIAS), root mean squared error
(RMSE),  Nash-Sutcliffe  efficiency  coefficient  (NSE), and
probability of detection (POD). Results showed that the De
Martonne aridity index performed best in Mashhad, Torbat Jam,
Neishabour, Gonabad, and Golmakan stations, with CCs ranging
from 0.704 to 0.851, RMSEs from 1.228 to 2.419, negative RBIAS
from 0.096 to 0.227, NSEs from 0.142 to 0.633, and POD between
0.773 and 1. In other stations, the FAO method was more accurate.
Overall, the current study's use of satellite data is appropriate and
yields dependable and satisfying results because of its suitable
spatiotemporal separation.
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1. Introduction

Aridity is a major problem worldwide resulting from precipitation deficit and increased
evapotranspiration which increased in recent decades, especially in arid and semi-arid regions. Long-
term data and good coverage of the region affected by aridity conditions are required for drought
monitoring. Google Earth Engine was first launched by Google in December 2010 to provide the ability
to monitor, explore and measure global change. In this system there is a large database of various images
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and information from the world that can be easily accessed and analyzed. Northeast Iran has an arid and
semi-arid climate, so water scarcity is one of the main problems in this area. As a result, droughts of
varying degrees occurred in this region in different years. However, despite the importance of this topic,
few studies on aridity in other regions of Iran have been conducted, but no comprehensive studies on
the spatio-temporal evolution of the aridity indices in this area have been published. Therefore, the
present study focused on assessing the spatio-temporal distribution of the drought indices in
northeastern Iran. This analysis of this study improves the understanding of the link between climate
change and drought in northeastern Iran and may be helpful for agricultural irrigation systems.

2. Materials and Methods

The Meteorological data used in this study are ten synoptic meteorological stations data of Khorasan
Razavi Province of the Islamic Republic of Iran Meteorological Organization (IRIMO). The study area
includes Golmakan, Gonabad, Kashmar, Neyshabour, Mashhad, Quchan, Sarakhs, Sabzevar, Torbat-e
Jam, and Torbat-e Heydarieh counties. In this study, a Google Earth Engine (GEE) platform was
implemented to monitor and Evaluation of two aridity indexes, such as the De Martonne aridity index,
and FAO aridity index in ten stations in Razavi Khorasan province from 2000 to 2021. In this platform,
the University of Idaho monthly climate dataset (TerraClimate), from 1958 to 2022, was used to
calculate monthly potential evapotranspiration. The monthly reference evapotranspiration (ETO) was
calculated using the Penman-Montieth approach. It has been argued that ETO is a more appropriate
measure of potential water loss than purely temperature-based metrics for estimating potential
evapotranspiration because it uses an energy balance approach. To calculate the temperature, the
MODIS data set (MOD11A1 V6.1) for calculating the surface temperature of the earth was used. This
data set is available daily from 2000 to 2023. The product data set (CHIRPS) available in the Google
Earth Engine platform with reasonable spatial resolution daily from 1981 to 2023 was used to calculate
the monthly amount of precipitation. CHIRPS uses 0.05-resolution satellite imagery and ground station
data to construct gridded precipitation time series for trend analysis and seasonal drought monitoring.
The prediction performance of the aridity index calculated with satellite data against the aridity index
calculated with station data evaluated using widely accepted statistical indices such as the correlation
coefficient (CC), Relative bias (RBIAS), Root Mean Squared Error (RMSE), Nash—Sutcliffe model
efficiency coefficient (NSE) and Probability of Detection (POD). Generally, the closer the values of
CC, NSE, and POD to 1, and the value of RBIAS and RMSE to 0 the better the model performance.

3.  Results

Using the results of statistical analysis, the calculation of two drought indices in the studied stations
using ground data and satellite data showed that the De Martonne aridity index was due to the lower
Relative bias, correlation coefficient, and higher Probability of Detection than the FAO method. In
Mashhad, Torbat-e Jam, Neyshabour, Gonabad, and Golmkan stations, it was selected as the best
method for calculating the annual drought index. In other studied stations, based on statistical indicators,
the FAO method was chosen as the best method for calculating the drought index in these stations due
to the optimal value of the root mean square error, Nash—Sutcliffe model efficiency coefficient, and
Relative bias. The reason for these results may be related to the different weather conditions and
geographical environments. For this reason, the use of satellite data to calculate drought indices needs
to be validated in each region.

4.  Discussion and Conclusion

Aridity is a serious problem that can have devastating short- and long-term consequences for the
environment. Aridity affects all climates; However, aridity is often more frequent and severe in arid
and semi-arid climates. However, one of the biggest challenges in studying this phenomenon is the lack
of ground stations and their incorrect distribution. With the advancement of technology and remote
sensing, environmental scientists now have a diverse range of satellite data at their disposal. This article
presents a publicly available tool, provided through the Google Earth Engine and based on the
JavaScript programming language, that can calculate the spatial and temporal distribution of aridity
using a combined index across homogeneous climates. The aridity in this study was analyzed based on
the scaled aridity condition index (De Martonne and FAO), which is a combination of three remotely
sensed derived data, temperature, which is calculated using land surface temperature (LST) obtained
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from MODIS sensor placed on the Terra satellite; the ETO, which is calculated from TerraClimate; and
the precipitation data from the Climate Hazards Group InfraRed Precipitation with Station data
(CHIRPS) in ten stations in Razavi Khorasan province from 2000 to 2021. The results showed that the
De Martonne aridity index was chosen as the best method for calculating the annual aridity index in
Mashhad, Torbat Jam, Neyshabour, Gonabad, and Golmakan stations. In Sarkhas, Torbat-e heydarieh,
Kashmer, and Sabzevar stations, the FAO method was selected as the best method to calculate the
drought index in these stations.
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