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Accepted: Agricultural drought has become a major concern worldwide due to
i?,gﬁ:;,ﬂe;}ﬂ?ﬁi@l the severe impact on crops and the indirect impact on occupation as
October 05.2022 well as per capita income. The use of reflective remote sensing
techniques to evaluate the effects of drought is recognized as one of
the most efficient methods. Therefore, the purpose of the present
study is to analyze agricultural drought in Mazandaran province
using Remote sensing and meteorological indicators. At the
Keywords: Drought, first, SPI, ZSI and EDI indices were calculated at different time
Landsat Satellite scales and the best index was selected based on the normal
Sgr|e§, N(_)rmal distribution method. Then, using Landsat 5, 7 and 8 satellite images,
Distribution Method, NDVI, EVI and VCI remote sensing indices were extracted and the
VCI Index best index was selected based on the highest correlation with

appropriate drought index. Finally, using the best meteorological
and remote sensing indices, the agricultural drought in Mazandaran
province was evaluated in two very dry (89) and very wet (92) years
for different seasons. The results showed that based on the normal
distribution method, the sum of the difference from normal
distribution for the SPI index is lower than the other indices. The
results also showed that the highest correlation was observed
between VVCI spectral index and SPI meteorological index with time
delay of three and six months. The results also showed that the mean
VCI in all seasons of very dry year (89) for all stations was below
0.50 and maximum stations had a VVCI value of less than 0.35 but in
all seasons of very wet year (92) for most stations is above 0.5.

1. Introduction
Among natural hazards, drought is known as a hazard with heavy damages and affecting people's
lives (Wilhite, 2000). Drought occurs in most parts of the world, even in humid regions. Iran has
always faced large and small droughts. Mazandaran province has not been exempted from the
mentioned incidents and the fluctuations of the humidity in the province are very high and it is
not possible to be sure of the occurrence of drought with complete certainty (Karimi et al., 2016).
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Therefore, in order to reduce the damage caused by drought, it is necessary to know the
characteristics of drought.

The main goal of this study is to monitor the long-term patterns of meteorological and agricultural
drought in Mazandaran province. SPI, ZSI and EDI indices were used to monitor meteorological
drought. While Landsat satellite images based on NDVI, EVI and VVCI remote sensing indicators
were used to monitor agricultural drought. Another goal of this study is to introduce optimal
meteorological and remote sensing indicators to assess drought through a quantitative approach.

2. Materials and Methods
Mazandaran province in the north of Iran, with an area of 23756.4 square kilometers, covers about
1.46% of the total area of the country. The average annual rainfall is 713 mm, which decreases
from west to east. In order to determine the optimal index and analyze the meteorological drought
in Mazandaran province, the monthly rainfall data of 21 synoptic, rain gauge and
evapotranspiration stations in the region were used during a period of 14 years (2003-2016).
Then, using DIP software, SPI index (3, 6, 9 and 12-month scale), ZSl index (3, 6, 9 and 12-month
time scale) and EDI index (monthly scale) were calculated.
The used satellite images include images of the Landsat series of TM, ETM+ and OLI. Images
related to Mazandaran province were extracted from 2003 to 2016 for each season (preferably the
middle month of each season). In the next step, NDVI, EVI and VVCI indices were extracted and
monitored using ENVI 5.3 and ArcGIS 10.3 software.

3.  Results

Based on the normal distribution method (Steinman method), the percentage difference of each
drought index was calculated with the percentage of normal distribution, and then the total
difference in each of the drought conditions was calculated in each station (Table 2). The results
showed that the total difference from the normal distribution for the SPI index is less than other
indices. Therefore, the SPI index was selected as the first and the ZSI index as the second.

To ensure the results obtained from the satellite indicators and also to choose the appropriate
remote sensing index, the correlation coefficients between the remote sensing indexes (NDVI,
EVIand VCI) and the appropriate meteorological index (SPI) in different time scales (3, 6, 9 and
12 months) was done at each station. Due to the large number of meteorological and remote
sensing indicators, only the results related to the very dry year (2010) and the very wet year (2013)
have been included (Table 3). The results showed that the SPI index with a delay of 3 months had
the highest correlation with the VVCI remote sensing index, followed by NDVI and EVI. Also, the
SPI results with a six-month delay have similar results to the three-month SPI index and also have
the highest correlation in the studied stations.

4.  Discussion and Conclusion

The results showed that the VCI index has the ability to evaluate the beginning, continuation and spatio-
temporal expansion of agricultural drought. Unlike meteorological point data with irregular distribution,
the VCI index based on remote sensing can be used with high accuracy to characterize the temporal and
spatial distribution of agricultural drought. It should be noted that the results of the present research
clearly defined the necessity of using remote sensing technology in drought analysis.
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Analyzing Agricultural Drought in Mazandaran Province Using
Remote Sensing and Meteorological Indicators

Kaka. Shahedi", Sajad. Rouzbeh Koshahi?

Abstract

Agricultural drought has become a major concern worldwide due to the severe impact on crops
and the indirect impact on occupation as well as per capita income. The use of reflective remote
sensing techniques to evaluate the effects of drought is recognized as one of the most efficient
methods. Therefore, the purpose of the present study is to analyze agricultural drought in
Mazandaran province using Remote sensing and meteorological indicators. At the first, SPI, ZSI
and EDI indices were calculated at different time scales and the best index was selected based on
the normal distribution method. Then, using Landsat 5, 7 and 8 satellite images, NDVI, EVI and
V/CI remote sensing indices were extracted and the best index was selected based on the highest
correlation with appropriate drought index. Finally, using the best meteorological and remote
sensing indices, the agricultural drought in Mazandaran province was evaluated in two very dry
(89) and very wet (92) years for different seasons. The results showed that based on the normal
distribution method, the sum of the difference from normal distribution for the SPI index is lower
than the other indices. The results also showed that the highest correlation was observed between
VCI spectral index and SPI meteorological index with time delay of three and six months. The
results also showed that the mean VCI in all seasons of very dry year (89) for all stations was
below 0.50 and maximum stations had a VVCI value of less than 0.35 but in all seasons of very wet
year (92) for most stations is above 0.5.

Keywords: Drought, Landsat Satellite Series, Normal Distribution Method, VCI Index.
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