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Article type: Today, one of the most essential migrations is migration related
Research Article to climate change. This has become very important with the
revelation of climate crises and damage to agricultural and
livestock products, and it has caused the migration of rural to
other cities and the reduction of the annual growth rate of the
rural population in Sistan province. Therefore, this issue was
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considered the horizontal visibility caused by dust storms as one
of the environmental hazards in Sistan that cause rural to
migrate. Moreover, this trend will continue in the coming years.
Based on this, the total population of Sistan and the percentage
of its rural population in the statistical periods of 1957 to 2016
were obtained from the statistical yearbooks of the National
Statistics Portal of Iran. Then, the necessary programming was
done using R software and spatio-temporal regression statistical
method and spdep, tseries, maptools, and alr3 software packages.
The obtained results showed that the amount of rural population
in 2018 reached 55.57%, in 2019 reached 54.96%, and in 2020
and 2021, it reached 54.26% and 53.47%, respectively, during
the previous years. It is estimated that until 2021, 99% of rural
migration will be related to reducing horizontal visibility and its
destructive effects, and only 1% will be related to other
migration factors. Also, the variable coefficient of the t statistic
in the regression model (-2.865) is negative. This issue indicates
that rural migration in Sistan will decrease with the reduction of
horizontal visibility.
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Extended Abstract

Introduction

Studies show that in recent years,
environmental hazards such as drought,
flood, and dust storms have significantly
impacted rural migration. Research also
shows that rural areas are more exposed to
the dangers of dust storms than urban areas.
Dust storms in the Sistan, endangering
economic, social, and even environmental
activities, have reduced agricultural lands'
horizontal visibility and fertility and the
drying up of Hamoon wetland, leading to
decreased agricultural  products and
increased migration. Therefore, descriptive
analysis shows that migration in Sistan is
one of the important issues in this region
and is one of the critical consequences of
environmental and climate change that can
seriously threaten this region as a human
climate system. Accordingly, this study
tries to use spatio-temporal regression until
2021-2022 to predict the rural population of
Sistan using horizontal visibility data to be
considered in regional planning.

Methodology

The study area is between 60 to 62 and 30
to 31.30 degrees longitude and latitude in
eastern lran, respectively. This region is
within the 120-day winds of Sistan, which
starts in mid-May and continues until mid-
September. A descriptive analysis of the
data shows that from 1987 to 2018, the
horizontal visibility of the Sistan region,
including the Zabol and Zahak stations, has
slightly increased. The distribution of
horizontal visibility and rural population
during the statistical period shows that as
the horizontal visibility decreases, the
percentage of the rural population in the
Sistan region decreases sharply, so its R2
level with a figure above 0.87 indicates the
criticality of the region. Therefore,
considering the important role of horizontal
visibility resulting from dust storms in
reducing the rural population of Sistan, this
issue was investigated in this study, which
the statistical method of spatio-temporal
regression and R software (2018) and
Software

packages Spdep, tseries, maptools, and alr3
were used. Therefore, for data
preprocessing, first the temporal correlation

of the data, then for the spatial dependence
of the data, Run Test and Moran test were
used, respectively. Finally, with and due to
the continuity of horizontal visibility data,
the annual horizontal visibility —was
estimated with the help of nearby stations.
Then, using the horizontal visibility data
predicted for the stations of Sistan with the
help of temporal regression, the percentage
of the rural population of Sistan until 2023
was estimated.

Results and discussion

The autocorrelation function and the
stationary average of the annual horizontal
data show that the data are
predicted.Hypothesis tests to determine the
type of  spatio-temporal  regression,
including hypothesis: normality of errors,
non-correlation of errors,and homogeneity
of error variance, showed that the Ordinary
Least Square estimator (OLS) can be used
to predict data. Analysis of spatiotemporal
regression test coefficients, including the
width from the origin variable, horizontal
visibility  independent variable, and
regression line  equation  (Statistical
distribution F), showed that the horizontal
visibility variable could predict the
percentage of rural migration in Sistan.
According to the 1957 census, the rural
population of Sistan was 92%, which in
2016 reached 56%. The coefficient of
determination calculations shows that 87%
of the population decrease was related to
horizontal visibility and its results.
Forecasts show that the rural population of
Sistan will reach 55.57% in 2019, 54.96%
in 2020, 54.26%, and 53.47% in 2021 and
2022. by 2022, 99% of rural migration will
be related to decreased horizontal visibility
and its destructive effects in this area.
Therefore, the results of the data forecast
show that horizontal visibility significantly
reduces the rural population in Sistan,
which should be considered.

Conclusion

According to the general census in 2016,
the population of Sistan, including the cities
of Zabol, Zahak Hermand, Hamoon, and
Nimroz, was equal to 398.029, of which
146.223 were equivalent to 56% of rural
areas, so in 1957, 92% of the population of
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Sistan region in the villages lived. The
distribution of horizontal visibility and rural
population, regardless of the time factor,
shows that as the horizontal visibility
decreases, so does the percentage of rural
population in Sistan. Predicted data spatial-
temporal regression show that in 2020, the
rural population of Sistan was 55.57%, in
2020 to 54.96%, and in 2021 and 2022 to
54.26% and 53.47%, respectively. It is
estimated that during the predicted years,
i.e., from 2020 to 2022, 99% of rural
migration is related to reduced visibility
and its destructive effects, and 1% is related
to other migration factors in this area to
solve this problem, control measures should
be taken to reduce the effects of the spread
of fine dust and reduce horizontal visibility
and ultimately stabilize the population.
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