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ABSTRACT

This research aims to investigate and predict the trend of snow changes in
Hamedan region using MODIS satellite data and images, general atmospheric
circulation data, and analysis of coefficients. In order to carry out the work,
using Hamedan station snowfall data and satellite images and the NDSI index,
the trend of snowfall changes from 1992 to 2022 has been analyzed, modeled
and predicted for the next 20 years. Lars was also used to predict and scale
HadGEM2-ES and CMIP5 model data. The results of the analysis of satellite
images showed that the level of snow cover in Hamedan city had decreased
significantly; So that from 20% snow cover compared to the entire area of the
city, it has reached 7% in the last decade. Also, the amount of diffraction
during the statistical period investigated in the first coefficient is about 75%,
indicating snowfall's high contribution in the region from synoptic systems.
The diffraction rate of the second coefficient is 20 percent, which expresses the
effect of Alvand Mountain on snowfall, which has reached 27 percent in recent
years, which indicates the decrease in the contribution of large-scale synoptic
systems, climate change and warmer winters in Hamedan. The maximum
snowfall in the first level is 16.2 cm, which has decreased to 13.2 cm in recent
years. In recent years, the phase angle or time of maximum snowfall has
changed from mid-autumn to early winter.

Cite this article: Maryanji, Z., Toulabi Nejad, M., & Dolatshahi, Z. (2023). The effect of climate change on
snowfall and its prediction in Hamedan County. Physical Geography Research Quarterly, 55 (1), 113-129
http://doi.org/10.22059/JPHGR.2023.358026.1007765

IO

BY NC

© The Author (s).
DOI:10.22059/JPHGR.2023.358026.1007765

Publisher: University of Tehran Press


https://portal.issn.org/resource/ISSN/2423-7760
file:///C:/Users/admin/Downloads/jphgr.ut.ac.ir
https://orcid.org/0000-0002-2173-2775
http://doi.org/10.22059/JPHGR.2023.358026.1007765
10.22059/JPHGR.2023.358026.1007765

Extended Abstract

Introduction

Snow is the most important type of
precipitation in high mountain areas, whose
increase and decrease affect the activities of
other atmospheric phenomena, agriculture
and even tourism. Besides, snow is a vital
source for feeding river flows in spring and
summer. The high reflection coefficient of
snow reflects a large part of incoming solar
rays to the earth and gradually causes the
warming process in spring. Therefore, snow
and its duration play a key role in many
ecological and economic-social systems,
especially in the mountainous areas of
Zagros. Therefore, snow can be considered
a climatic element, which with its spatial
and temporal variability and accurate
knowledge of snow cover, provides
valuable information about climatic and
hydrological conditions, which is necessary
to understand the details of the climate
system and the water cycle along with their
changes; because snow and snow cover is
one of the major sources of water supply in
most countries of the world, especially in
their mountainous regions.

Therefore, the snow covers and its
equivalent provide about one-third of the
water needed for agricultural and irrigation
activities all over the planet. In most
northern  regions of the Northern
Hemisphere and alpine environments, snow
runoff is responsible for the maximum
instantaneous  flow intensity and an
essential part of the annual flow intensity.
The high albedo of snow, along with its
high surface extension, has a significant
impact on the earth's radiation budget.
According to climatologists and
meteorologists who study climate and
atmospheric changes from a global
perspective, snow cover monitoring is a
necessity. Thus, due to the high efficiency
of snow cover in various surveys,
continuous monitoring of snow covers and
preparation of snow-covered surface maps
is an undeniable need. Climate changes in
arid and semi-arid climate regions have
always been considered one of the key
components of sustainable development. In
this regard, paying attention to the
persistence and prevention of rainfall is

very important. Based on this, the ratio of
snowfall to annual precipitation, durability,
and height of snow are considered to be the
most serious indicators of this adaptation to
the ecological power and the structure of
the residential space of Iran. Therefore, any
change in this phenomenon first affects the
available water volume. Then the spatial
structure of the region undergoes severe
and unpredictable changes from various
economic, social and security aspects. This
is especially necessary for the mountainous
areas of Zagros, where the water from
melting snow plays a vital role in the flow
of water, which can be considered a major
and fundamental operation in water
resource management and flood control in
Zagros. The present research  uses
combined methods to analyze the
relationship between snow cover changes in
the Middle Zagros region and atmospheric
circulation changes.

Methodology

In this study, the snowfall data of the
synoptic station, Hamedan Airport, has
been exploited. The selected statistical
period equals 30 years (1992-2020). In
order to investigate changes in the snowfall
regime in Hamedan, covariance analysis
was used. In order to analyze more
precisely, components such as trend and
changeability were extracted from the data.
In this study, the amount of trend was
obtained through the linear regression
function (assuming that the trend is linear)
and the least square method, which was
significant at the desired confidence level.
Men Kendall’s non-parametric test was
applied to detect any possible trends in the
snowfall statistical series and check the
significance level of existing trends. Partial
(short-term) trends, changes of position or
the starting point of the trend in the
snowfall series are also investigated by the
graphs of the time series of (t)u and (t)a
values. Also, to investigate changes in
snowfall in the studied area, MODIS snow
cover data with a resolution of 0.05 degrees
and NDSI index were exerted.

Results and discussion
Data analysis shows that the snow height in



Hamedan station has decreased by 9 cm on
average. The rapid increase in winter
temperature and decrease in snowfall
indicate the effects of climate change and
global warming in Hamedan region. In
general, the meaningful results of this
process are proved by Kendall's method.
According to this method, ui and ui' graphs
have been presented for snow height in the
winter season at Hamedan station. These
graphs show a significant trend in the time
series of snow height in the winter season at
Hamedan station. Also, from 2017
onwards, sudden changes in the trend are
observed, and the slope of the changes
increases. So that in the last ten years, the
reduction of snowfalls and the relative heat
of the air in the winter season in Hamedan
is evident. Based on the predicted data in
the Lars model, from 2020 to 2040, the
minimum temperature will increase by 2
degrees and the maximum temperature by
2.5 degrees Celsius. Also, the examination
of the changes in the amount of snowfall in
Hamedan city shows that in the three
seasons of winter, autumn and spring, the
trend of snowfall in Hamedan city is
decreasing, so the coefficient of the
downward trend of snowfall changes in the
winter season is 38.8 compared to the base
year shows a decrease. The coefficients of
these trends are 2.37 in the fall season and
36.00 in the spring season. These changes
can be seen as the result of the interaction
of the earth's climate changes and changes
in climatic elements. However, the decrease
in  snowfall has had destructive
consequences on the water cycle in
Hamedan, so that the accumulation of snow
has decreased compared to the base year,
and the sources have faced the risk of

drying up.

Conclusion

The results indicate the difference in the
amount of diffraction, the maximum
amount of snowfall and the time of its fall
in recent years. The increase in the
diffraction of the second coefficient
indicates the decrease in snowfall due to
changes in macro-scale systems, and it
cannot be considered unrelated to climate
change, which is considered the main
challenge of the earth's ecosystem in recent
years. The changes in time or phase angle
in recent years also show that the snowfall
in the autumn season has almost stopped,
and the time of its fall has been extended
towards the winter; in other words, the
region's autumn has become warmer. Due
to the range, in recent years, the maximum
snowfall is also less, and the heavy winter
snow in this area has decreased
significantly. The analysis of satellite
images and the NDSI index also showed
that the snow cover in Hamedan has
significantly decreased. In such a way that
from about 20% of the snow cover
compared to the entire area of the city, it
has reached about 7% during the last
decade and has faced a serious problem
with the water reserves.
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