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Fig 1. Study Area and synoptic Stations
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Table 2. Standardized precipitation Index Classes
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Table 3. Remote Sensing Drought Indices and their equations
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Table 4. Remote sensing Drought Indices Classification Thresholds
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Table 6. The percentage of the basin under each drought class
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Fig 6 Scatter plot of SPI and ETCI values at different stations
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Abstract

Drought is one of the most important natural
hazards in Iran that has many destructive
environmental and economic effects. Drought is
affected by various factors, and different indices
have been developed to monitor it. Drought studies
have been performed using temperature and
vegetation data, but few studies have used satellite
evapotranspiration data. In this research,
vegetation condition index, temperature condition
index, and evapotranspiration condition index have
been used to study drought in Jarahi and Zohreh
catchments. For this purpose, drought indices have
been calculated on a monthly basis using MODIS
satellite products from the 2000 to 2017 period.
The six-month Standardized Precipitation Index
was used to evaluate the remote sensing-based
drought indices.
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The results showed that the evapotranspiration
condition Index had the highest correlation with
the six-month SPI index and was considered the
most appropriate index to study the drought. The
correlation of ETCI with SPI was equal to -0.57
and the RMSE was 0.47. A drought severity map
was prepared using remote sensing indices to
depict six classes of drought severity including
severe drought, moderate drought, mild drought,
near normal, and without drought for 2008, 2009,
and 2016, when the study area was suffering from
drought. The results of the spatial assessment
showed that the central part of the basin which
contains ecologically important protected areas
was the most vulnerable part during dry years, and
during the study period, it has experienced over 10
months of severe drought. In this period, the
coastal part had the lowest drought intensities.
However, during different years, the wetland area
of the basin, which is one of the protected water
ecosystems, has decreased. The results showed that
compared to other indices, the satellite-based
evapotranspiration data can provide a good tool for
monitoring drought in hot areas with sparse
vegetation such as Iran.
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Statement of the Problem:

Drought is known as one of the most destructive
natural hazards in the country that has many
destructive environmental and economic effects.
Compared to other disasters, drought-induced
damage is considerably greater due to its
socioeconomic and environmental consequences.
Over recent years, drought monitoring through
remote sensing (RS) has progressed worldwide.
Drought is affected by various factors such as
Precipitation, Temperature and soilmoisture, and
different indices have been developed to monitor
it. The actual evapotranspiration parameter well
stores the interaction of the mentioned factors and
can be used as a suitable indicator for studying
drought. So far, various studies have used remote
sensing indices to study drought, most focusing on
temperature and vegetation-based indices, while
satellite-based evapotranspiration has not yet been
used.

Purpose:

The purpose of this study is to investigate the
ability of evapotranspiration-based index to study
drought and compare it with other indices. For this
purpose, in this study, the performance of the
evapotranspiration condition index (ETCI), which
is calculated using satellite-based actual
evapotranspiration data, was evaluated and
compared with the VCI and TCI indices. In recent
years, many parts of the country have experienced
severe and extreme. Jarahi and Zohreh basin have
various climates and arid and semi-arid habitats.
Shadegan Wetland is protected ecosystems of this
basin as aquatic ecosystem. Therefore, Jarahi and
Zohreh basins were selected as the study area and
the drought in different parts of the basin in three
drought events in 2008, 2009 and 2016 was
investigated using VCI, TCI and ETCI indices.

Methodology:

The RS-based drought indices were calculated
using the MODIS temperature, vegetation and
evapotranspiration products. The MODIS land
products were accordingly obtained from the
Google Earth Engine platform. The study covered
the period 2000 to 2017. 8- day temperature and
evapotranspiration products, and 16-day vegetation
products were used. All 8- and 16-day data were
converted into monthly data and remote sensing-
based drought indices were calculated using these
monthly data.

VCI, TCI and ETCI indices were calculated using
MODIS products and were compared with the six-

month SPI index. To assess the performance of
each index, the Pearson correlation and the RMSE
values of the RS-based indices at each station
location were calculated. A drought severity map
was prepared using remote sensing indices to
depict six classes of drought severity including
severe drought, moderate drought, mild drought,
near normal, and without drought for 2008, 2009,
and 2016, when the study area was suffering from
drought.

Results and discussion:

Drought is a destructive and costly natural disaster
(40) and has turned into a global concern in recent
years (38). In this research, based on VCI, TClI,
and ETCI, the drought map of Jarahi Zohreh has
been prepared. Additionally, the performance of
these indices has been evaluated against the
station-based SPI. VCI and TCI are the most
widely used remote sensing-based drought indices.
Furthermore, in this research, the capability of
evapotranspiration-based indices for drought
monitoring has been evaluated. In order to
accomplish this, three drought events were
identified in the study area based on synoptic
station data, and then the performance of remote
sensing indices was evaluated.

Station-Based Index

Based on the results of the SPI index, the study
area has repeatedly experienced moderate to severe
drought events. Therefore, in the six-month
drought event of 2003, 2005, 2008, 2009 and 2016,
they experienced the most severe drought
intensities. The SPI values show that the studied
stations experienced severe and extreme drought in
the mentioned years. The results also showed that
the duration of long-term droughts in the study
area is significant. SPI results indicate Ramhormoz
station has experienced the highest drought
intensity (-2.4 intensity) among the stations. In
addition, extreme droughts occurred at this station
more frequently (10 months) than in other areas.
Therefore, 2008, 2009 and 2016 were considered
as drought years in the study area and drought
maps based on remote sensing data for September
as a common month with drought in all years were
evaluated.

Accuracy Assessment

The correlation between remote sensing indices
and station-based SPI index and RMSE has been
calculated. The results showed that the ETCI
index, which is calculated using actual
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evapotranspiration data, is the most appropriate
index for studying the drought in the study area
compared to the wvegetation condition and
temperature condition. The correlation of ETCI
with SPI was equal to -0.57 and the RMSE was
0.47. The TCI index then performed better than
VCI.

Remote Sensing-based Indices

Vegetation condition index in 2008 indicates
severe drought in the central part of the basin. And
the mountains and the wetlands indicate drought-
free conditions. Also, in the middle half of the
basin, in the areas along the rivers, the intensity of
drought has slightly decreased. Temperature
conditin index in the same year shows that the
whole study area, except for a small part of the
wetland area, had temperatures above the expected
average and are in the category of severe to
moderate drought. This is also confirmed by the
evapotranspirationcondition index. It is noteworthy
that although on this date the wetland area shows
conditions near to normal or without drought, but
the water bodies is reduced compared to the main
wetland area.

Area of different drought classes shows that in all
studied years, less than one percent of the basin
had normal or near normal conditions. In 2009 and
2016, more than 60% of the basin was affected by
extreme drought. In 2008, most of the basin (65%)
faced moderate drought conditions. It is
noteworthy that in all three events, more than 90%
of the basin has experienced moderate to extreme
droughts.

Conclusion:

The results showed that the use of
evapotranspiration-based index can be effective in
accurate analysis of drought and provide more
details of spatial conditions, because it is jointly
affected by available temperature and humidity
parameters. However, so far, evapotranspiration-
based index has not been used to monitor drought.
The results show that in the studied drought events,
the middle part of the basin is affected by the most
severe droughts and experienced more than 10
months of extreme drought during the study
period. Due to the fact that this area has three
ecologically protected areas, it indicates the
importance of studying and managing the risk of
drought and its effects on the Jarahi and Zoherh
basin. The results also show that multiple droughts
have a significant effect on the condition and size
of the wetland. Shadegan wetland is one of the
important protected aquatic ecosystems, the need
to pay attention to its sustainability in drought
conditions is already clear.

This research evaluated the capability of the
evapotranspiration condition index for agricultural
drought mapping. Due to the high precision of the
index, its performance can be evaluated for
meteorological and hydrological droughts.

Remote sensing-based index are able to provide
spatial details of drough, therefore, in risk
management can provide valuable information.
The advantage of using actual evapotranspiration
data is that it is directly affected by the humidity,
temperature and vegetation of the area and can
provide a comprehensive view of the available
moisture changes.
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