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ABSTRACT

Sistan region is one of the important regions whose life depends on the flow of Hirmand river. In
this research, the trend of changes in the area of Hamoon wetlands and the factors affecting it,
were investigated using satellite and meteorological data. For this purpose, the minimum,
maximum, average temperature, precipitation and evaporation of Zabol station were used in the
period of 1985-2018. Furthermore, satellite products include water bodies extracted from Landsat
satellite images (JRC products 1985-2020), NDVI, PDSI, Sentinel 2 and GRACE satellite data
used in the period of 2000-2022. The man-Kendall and Sen’s slope tests were used for evaluating
time series trends of data. AWEI index was used to calculate the water areas of Sistan region. The
results show a significant decrease the minimum, maximum, average temperature, precipitation,
area of permanent water bodies, GRACE and PDSI. On the other hand, the changes in NDVI
showed a significant increasing trend, which is caused by the quantitative development of
agricultural lands in the Sistan plain. Also, the anthropogenic activities of Afghanistan have an
impact on this river entering Iran. The results of the AWEI index showed that after the full
exploitation of the Kamal Khan diversion dam, the natural flow of the Hirmand River has been
diverted towards Gowdzereh in such a way that the area of water flowing in Gowdzereh is more
than 34000 hectares and the area of water behind the Kamal-Khan dam is equal to 2899 hectares,
which confirms the diversion effect of Kamal Khan Dam.

@Ol

BY NC

© the Author(s).

Publisher: University of Sistan and Baluchestan

Extended Abstract

1. Introduction

Sistan region, located in the northern part of Sistan
and Baluchistan province, is one of the important
and strategic regions of Iran in terms of economy,
trade and security. This area is located at the end of
Hirmand watershed, shared with Afghanistan, and
all sources of surface water entering Iran originate
from the heights located in Afghanistan.
Considering that Sistan plain has no aquifer,
Hirmand River is the lifeblood of Sistan plain and
Hamoon wetlands. Satellite remote sensing is
increasingly used as a source of supplementary
information for terrestrial monitoring networks, and

in many cases and regions, it is the only available
source. Satellite sensors are able to directly and
indirectly measure almost all components of the
hydrological ~ cycle, including precipitation,
evaporation and transpiration, the water level of
lakes and wetlands, soil moisture, total water and
underground reserves, and temperature
(Lettenmaier et al. 2015; McCabe et al. 2017;
Zhang et al. 2016) and can provide different time
series information for researchers. In addition,
remote sensing provides the possibility of
monitoring and supervising the production of
agricultural products, food production, storage and
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trade, and it is considered as an expression of water
and food security for each region (Dalin et al.
2017). The purpose of this research is to investigate
the changes in the water areas of the Sistan plain
and Hamoon wetlands, as well as to analyze the
factors affecting these changes using the available
time series of satellite products and images.

2. Methods and Material

To do this research, the meteorological data of
minimum temperature, maximum temperature,
average temperature, precipitation and evaporation
of Zabol station were used in the period of 1985-
2018. Furthermore, satellite products include water
bodies extracted from Landsat satellite images
1985-2020 (JRC monthly and yearly products),
Normalized Different Vegetation Index (NDVI),
Palmer Drought Severity Index (PDSI), Sentinel 2
satellite images and GRACE gravity satellite
images used in the period of 2000-2022. The man-
Kendall and Sen’s slope tests were used for
evaluating trends of above mentioned data. To
calculate the water areas of Sistan region,
Automatic Water Extraction Index (AWEI) was
used using Sentinel2 images in September 2022.

3. Results and Discussion

To analyze the trend of various time series
parameters, we used Mann-Kendall and Sen’s slope
tests. The results of investigating the changes in the
area of water bodies in Sistan region using the
annual time series of permanent and seasonal water
bodies extracted from satellite images in the study
area showed a significant decrease in the annual
average area of permanent water bodies during the
study period. In other words, with passing the time
and the reduction of water sources entering the
Sistan plain, the areas that were considered
permanent, have turned into seasonal water areas.
The results of trend analysis of meteorological
parameters show a significant decrease in the
parameters of minimum temperature, maximum
temperature, average temperature, precipitation,
area of permanent water bodies, ground water
resources (GRACE satellite product) and PDSI in
the studied period. On the other hand, the changes
in NDVI index showed a significant increasing

trend, which is caused by the quantitative
development of agricultural lands in the Sistan
plain. The results of the AWEI index showed that
the area of water flowing in Gowdzereh is more
than 34000 hectares and the area of water behind
the Kamal-Khan dam is equal to 2899 hectares,
while the area of water stored in the Chah-Nimeh is
equal to 3747 hectares.

4. Conclusion

The factors affecting the changes in water bodies in
Sistan region can be divided into two categories:
natural factors and anthropogenic factors. To
investigate natural factors, meteorological data of
precipitation, temperature, evaporation and the
Palmer drought index satellite product were used.
The results of the investigation of changes in
climatic parameters show a significant decrease in
rainfall and a significant increase in minimum
temperature, maximum temperature, average
temperature and Palmer drought index in this
region. The anthropogenic factors affecting the
reduction of water resources entering the water
areas of Sistan region can be divided into two parts:
1): The first part is related to the quantitative
development of agricultural lands upstream of
Hirmand basin by Afghanistan and also the increase
of agricultural lands in Sistan region. The results of
this research showed a significant increase in the
NDVI vegetation index during 2000-2020 show in
this index. The agricultural statistics data confirm
this finding because the area of agricultural lands
has been increased from 75500ha to 89741 during
2000-2020. 2) The second part is related to
Afghanistan activities, such as the construction of
numerous dams in the upstream of Hirmand River.
The results of the AWEI index showed that from
2020 onwards and after the full exploitation of the
Kamal Khan diversion dam, the natural flow of the
Hirmand River has been diverted towards
Gowdzereh, which confirms the effect of Kamal
Khan Dam operation on the natural flow of the
Hirmand River.
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