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ABSTRACT

Drought is one of the most complex natural disasters that causes economic, social and environmental
damage and is often described as a creeping phenomenon. Drought monitoring using satellite images
can represent the severity of drought in areas with a lack of meteorological precipitation data and
compensate for its spatial and temporal deficiency. In this research, the drought of Golestan province

has been investigated using SPI, TCI, VCI and VHI indices and with the help of MODIS sensor
satellite images. Therefore, first, VHI, VCI and TCI drought index maps were extracted. The findings
in the TCI index study showed that in 2000, more than 80% of the studied area experienced severe
drought. Similarly, in 2010, 2017 and 2018, a significant part of the studied area was in a severe
drought situation. By examining the VCI index, 2008, and 2011. The maps also show that a very
severe meteorological drought occurred in 2008. In the study of the VHI index during a period of 21
years in the studied area, it showed that the years 2000, 2001, 2002, 2008, 2010, 2011, 2014, 2015,
2017, 2018 and 2021 have experienced a critical drought situation. Also, in the years 2000, 2008 and
2018, more than 60% of the area of the region was in a very severe drought situation. In general,
most of the studied area is in the range of severe and severe drought classes, which requires attention
to the optimal management of water resources in these areas.
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Extended Abstract

1. Introduction

In recent research, satellite data, particularly remote
sensing drought indicators like TCI, VCI, and VHI,
have been proven useful in drought monitoring and
evaluation. These indices combine temperature,
precipitation, and vegetation information based on

satellite data and illustrate various relationships
among them. Different studies have used these
indicators to monitor droughts in different regions.
Furthermore, combining these indicators with
meteorological data can improve drought
monitoring accuracy and reliability. According to
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Endojar et al. (2017), combining TCI, VCI, and
VHI remote sensing drought indices with the SPI
meteorological drought index can provide an
effective drought monitoring tool. Some studies
have also investigated the relationship between
drought indicators derived from remote sensing and
meteorological indicators, such as SPI. Decision
makers and managers can use these relationships to
take precautionary measures and manage droughts
appropriately, especially at local scales and in areas
without meteorological information. Due to the
ability of appropriate spatial and temporal
separation, the use of remotely sensed drought
indicators can help in the management of water
resources and agriculture and reduce the effects of
droughts in general.

2. Methods and Material

A combination of remote sensing drought indices
was used in this study, including VCI, TCI, and
VHI, which were taken from the Terra satellite
MODIS sensor with a spatial resolution of 250
meters and a temporal resolution of 16 days, as well
as SPI meteorological drought index for Golestan
province between 2000 and 2021. First, the earth's
surface temperature condition was assessed using
the TCI index (temperature condition index), which
is based on the surface temperature. The deviation
between the desired month's temperature and the
maximum temperature over time is represented by
this index. The humidity conditions are then
examined based on the VCI index, calculated based
on the normalized NDVI values. The plant health
index VHI was calculated by combining two
indices, TCI and VCI. In this index, heat stress is
combined with vegetation status. Finally, drought
indicators derived from remote sensing were
mapped using classified maps. In addition, SPI
(estimated from standardized rainfall) was
calculated in the study area and classified according
to mild to very severe droughts. As a last step,
Pearson's correlation coefficient was used to
determine if remote sensing drought indicators and
SPI index in the study area are linearly related.

3. Results and Discussion

The study examined drought in the north of Iran in
Golestan province between 2000 and 2021 using
different drought indices. The drought effects on

vegetation were estimated from MODIS using the
TCI, VCI, and VHI drought indices. Results
showed that drought intensity and spread changed
over time, with 2008, 2001, and 2011 being key
years. In 2000 and 2010, more areas of the
province, especially those in the north, experienced
severe and very severe droughts, according to the
TCl and VHI indexes. Moreover, the SPI index
indicates severe droughts in 2001, 2007, 2010,
2013, 2018 and 2020. It has been shown that SPI
index correlates well with remote sensing indicators
VCI and TCI, with the highest correlation
coefficient between six-month SPI index and TCI at
about 0.53, whereas there is no significant
correlation between SPI index and VHI. As a result
of these findings, water resource and agricultural
planners can be assured that satellite data can be
used to improve drought detection and monitoring
accuracy and efficiency. Overall, this research not
only provides a better understanding of drought in
Golestan province, but also shows how satellite
images can be used to reduce drought effects
through better management.

4. Conclusion

In this study, the intensity, frequency, and spread of
drought were found to be spatially and temporally
dependent. The TCI index, for instance, shows that
most of the studied areas were affected by drought
in 2008 (90% of the total area) except for parts of
the southeast and southwest, whereas the VHI index
indicates that the lowest spread of drought in 2000
occurred only in Golestan province's northern and
northwestern regions. Moreover, global warming
increased drought intensity and frequency estimated
by the TCI index from 2011 to 2021 as compared to
2000 to 2010. The high correlation between SPI and
TCI also indicates that TCI is more accurate in
estimating drought in Golestan province. It is also
evident that there is no significant correlation
between the VHI index and SPI index, which
suggests that other factors, besides drought, affect
plant health.

Keywords: Drought, Satellite Data, SPI index,
Vegetation cove.
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