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Acrticle Info: Abstract: The wind chill index expresses the degree of real

. cooling sensation created in the human body, and if this cooling
Article type.. exceeds a threshold it will cause the occurrence of wind chill
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hazard. The aim of this research is satellite monitoring of wind
chill hazard in Iran. In this first step, daily wind speed and air
Date: temperature data in the period 1994-2023 for 11,000 days with
Received:2024.09.12 5 ra6ia] resolution of 0.25 by 0.25 degrees of arc were
Received: 2024.12.04 oy (racted from the ECMWF website. Then, the wind chill
Accepted: 2024.12.12 jndex was calculated separately for each day based on the
American-Canadian formula. Based on this formula, 3 risk
K classes were defined for the Wind chill index. The first class
eywords: was positive values of the Wind chill index, which were
without risk. The second class was values between 0 and -9 of
the Wind chill index, which were low risk, and the third class
was values between -9 and -27 of the Wind chill index, which
were named as medium risk. The findings showed that the risk
of Wind chill in Iran only occurs in the months of November,
December, January, February, and March. This is because in
the rest of the year the weather does not cool much and
consequently Wind chill will not occur. The findings also
showed that due to the prevailing cold conditions at high
altitudes, the greatest extent of the risk of Wind chill in the
studied region also occurs in the Zagros and Alborz highlands.
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Extended Abstract

Introduction:

dex is recognized as one of the most
significant climatic and
meteorological hazards, particularly
in mountainous and cold regions,
exerting prominent and considerable
effects on the life of natural and
human habitats. This index represents
the combination of two variables,
wind and temperature, which
intensifies the impact of cold, even in
low-lying, elevated, and desert areas,
making it noteworthy for this reason.
Iran, given its unique and sensitive
geopolitical position in the world and
its proximity to a diverse range of
countries, necessitates precise and
effective geographical study and
investigation. In this  context,
considering ~ the  topographical
diversity across Iran on one hand, and
the deployment of military forces in
open spaces throughout the country
on the other, monitoring and mapping
the wind chill hazard for military
purposes is absolutely needed and
felt. To date, no specific research has
examined the occurrence of wind chill

and its effects on military activities in

Iran using credible satellite data with
such geographical extent, which
constitutes one of the advantages of
the present study.

Methodology:

The aim of this research is the satellite
monitoring and hazard mapping of
wind chill in the geographical expanse
of Iran, to ultimately identify the main
locations of wind chill occurrence in
Iran, both spatially and temporally.
The data used in this research are
satellite and network data, which
possess coherence, integrity, and,
most importantly, good spatio-
temporal resolution, subsequently
enhancing the richness and credibility
of the work. In this regard, daily data
of wind speed and air temperature for
the period 1994-2023, spanning
11,000 days with a spatial resolution
of 0.25 x 0.25 degrees, were extracted
from the ECMWF  website.
Subsequently, based on the
American-Canadian  formula, the
wind chill index was calculated
separately for each day. After
collecting the raw data, several
processes were carried out. In the first

step, using the inpolygon command in



MATLAB software, only the data
within Iran, comprising 2480 pixels,
were extracted. In the second step,
using Equation 1, the wind speed was
converted from meters per second to

kilometers per hour.

(1

V=vx3.6

where v is the wind speed in meters

per second.

In the third step, based on Equation 2,
the wind chill index (wch) was

calculated:

2

wch = 1312 + 0.6215T - 11.37 *
V70.16 +0.3965 * T * V*0.16

where T is the air temperature in
degrees Celsius and V is the wind
speed at a height of 10 meters in
kilometers per hour (Nelson et al.,

2002; Ahrens, 2015).

In the fourth step, based on the wind
chill index values, the type of wind

chill hazard was classified across Iran.

In this study, wind chill values from 0
to -9 degrees Celsius were defined as
low hazard, values from -9 to -27
degrees Celsius as medium hazard,
and wind chill values above zero
degrees Celsius as no hazard.
Results:

Weather is a significant aspect of
human life, and its effects on living
beings are evident to all. In some
regions of Iran, the wind chill index
can act as a hazard, causing economic,
social, and environmental damages.
Therefore, in this study, the wind chill
hazard across Iran during the period
1994 to 2024 was investigated using
satellite data. The results indicated
that the wind chill hazard in Iran
occurs only during the months of
Aban, Azar, Dey, Bahman, and
Esfand (late autumn to early spring).
This is natural, as during the rest of
the year, the weather is warm, and
wind chill does mnot occur.
Furthermore, the findings showed that
due to extreme cold, the largest extent
of wind chill hazard, particularly in
Dey (January), occurs at high
altitudes of the Alborz and Zagros

mountain ranges. It is clear that



considering the various slopes in the
mountains and their foothills, the
phenomenon of wind chill occurs
more frequently in the
aforementioned geographical
features. Consequently, given the
higher occurrence of wind chill in the
mountainous regions of Alborz and
Zagros, any military operations in
these areas, especially during the cold
seasons, are accompanied by
difficulties. However, in other high-
altitude areas of Iran, such as the long
mountain ranges of Khorasan and also
the Hezar and Lalezar mountains in
Kerman, the wind chill phenomenon
occurs intermittently. Additionally,
generally, the wind chill phenomenon
occurs intermittently and to a limited
extent in the cold seasons, even in
low-lying and dry areas such as the
Jazmourian basin in the southeast of
the country; however, it does not pose
a significant threat to military
activities. The findings indicated that
the wind chill hazard in Iran occurs
only during the months of Aban,
Azar, Dey, Bahman, and Esfand. This
is natural, as during the rest of the

year, the weather is not very cold, and

consequently, wind chill does not
occur. An examination of the time
series of the percentage of wind chill
hazard area revealed that over the
11,000-day period, there were 22
extreme wind chill days, meaning on
each of these 22 days, more than 70%
of the country’s area experienced
wind chill hazard. The trend of the
wind chill hazard time series in Iran,
despite fluctuations over the years
studied, has generally shown a
decreasing trend, which can be
explained by climate change and
global warming, especially the
increase  in  extreme  winter
temperatures in Iran. Furthermore,
other findings indicated that more
than 50% of these extreme wind chill
hazard days were observed solely in
January and February of 2008. The
highest frequency of wind chill hazard
occurrence in these two months
clearly demonstrates that, in any case,
when conducting military activities
during these months, the potential for
such occurrences must be examined
so that military personnel do not face
problems and crises during specific

operations. Moreover, the spatial



distribution of wind chill hazard
during the study period showed that
the highest wind chill hazard occurred
on February 5, 2008, across 80% of
Iran’s geographical area. This can be
attributed to the intrusion of the cold
and dry Siberian high-pressure system
from the northeast of the country,
which had a strong cooling effect, and
this effect was further amplified by
the presence of Iran’s high mountain
ranges, such as the Alborz and
Zagros.

Conclusion:

In the present study, satellite data
were used to investigate the spatio-
temporal distribution of wind chill
hazard across the geographical
expanse of Iran during the period
1994-2024. The main findings of this
research indicate that the highest wind
chill values occurred in the major
mountain ranges of the country
(Alborz and Zagros). In terms of time,
the months of January and February
also had the highest frequency of the

studied hazard occurrence.

Considering Iran’s specific
geographical and geopolitical location
on the one hand, and its topographical
diversity on the other, military affairs
face particular challenges and
sensitivities, which underscores the
necessity for coherent and efficient
scientific and research studies. In this
regard, the present study has
investigated the climatic hazard of
wind chill, and its results are well-
aligned with environmental realities.
It is expected that researchers and
specialists in military geography, after
studying and informing military
commanders about the results of this
article, will delve into other aspects in
subsequent  studies, such as
investigating the primary synoptic
factors of the aforementioned
occurrence and also comparing the
temporal changes of wind chill hazard

in different regions of the country.

Keywords: Hazard, Wind Chill, Iran,
Satellite Data, Military Activity
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