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Gusts are very dangerous winds for man-made and natural structures, and other organisms,
due to their instantaneous changes in speed and directio.Understanding the characteristics
of gusts is essential to help better plan and minimize direct losses and properly design
buildings and infrastructure. In this study, wind speed and direction data reported every
half hour at meteorological stations were used to analyze gusts in the western and
northwestern regions of Iran during the statistical period (2012-2021). The Mann-Kendall
method and P-value statistic were used to determine seasonal and annual trends. to
investigate the impact of meteorological elements such as pressure, temperature, and
teleconnection patterns, regression approaches based on machine learning algorithms
(Multiple linear regression(MLR) Lasso regression, Relative weighting method (RW), and
Spearman correlation coefficient)were used using the Tidy models package in the R
programming environment. In terms of spatial distribution, the northeastern parts of the
region (East Azerbaijan, Ardabil, and Qazvin provinces) are more prone to gusty winds
than other parts of the region. In terms of temporal distribution, most gusty winds occur in
spring and winter. In examining the influence of each of the predictor components
(pressure and temperature) on the response variable (wind gust) based on the output of the
MLR and RW model results, it was determined that in 67 percent of the meteorological
stations, the air pressure is introduced as the most important influencing factor in the
occurrence of gusty winds. In examining the seasonal trend of gusty winds, the occurrence
of gusty winds increases in 78 and 72 percent of stations in winter and spring, respectively.
In the summer, the prevailing trend in most of the region is upward, and in the fall, stations
in the southern, western, and northwestern parts of the region generally have increased
occurrences. In examining the teleconnection patterns, in winter, the East Atlantic-West
Russian (EA/WR) pattern and the Polar-Eurasian (POL) pattern, in spring, the West
Pacific (WP) and East Atlantic (EA) patterns, in summer the East Atlantic (EA) pattern,
and in autumn the two Scandinavian patterns (SCA) and the Tropical-Northern
Hemisphere (TNH) pattern are considered to be the most important predictor variables
affecting gusty wind events.
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Introduction

In the list of the most destructive weather events that have occurred in recent years in various regions of the
world, the name of the Gusty Wind appears frequently. Wind gust is the average wind over a 10-minute period at
a height of 10 meters above the ground, which includes wind speed and direction. In general, due to the relative
smallness of vertical movements of the atmosphere (especially near the ground surface), the horizontal flow of
air is referred to as wind, while the sudden and short-term increase in wind speed at a height of 10 meters above
the ground is called gusty wind, which is considered one of the atmospheric hazards. These winds cause
enormous damage to facilities, infrastructure, and agricultural products every year. This research attempts to
examine the temporal and spatial distribution of strong winds, as well as the relationship between strong winds
and teleconnection patterns, so that in the event of a recurrence of such an event, it can help regional planners
such as the Provincial Crisis Management, Ministry of Energy, Agricultural Jihad, Meteorological Organization,
and other relevant institutions.

Materials and Methods

After collecting wind gust events from meteorological stations, the Mann-Kendall method and P_value statistic
were used in the R programming environment to determine the seasonal trend. to investigate the impact of
meteorological elements such as pressure, temperature, and teleconnection patterns, regression approaches based
on machine learning algorithms (Multiple linear regression, Lasso regression (MLR), Relative weighting method
(RW) and Spearman correlation coefficient) were used using the Tidymodels package in the R programming
environment. Finally, to examine the effect of each predictor variable (teleconnection patterns) on the response
variable (wind gustiness), Lasso regression and Spearman's correlation coefficient were used in the R
programming environment.

Results

In terms of spatial distribution, the northeastern parts of the region (Tabriz, Ardabil, and Qazvin provinces) are
more prone to gusty winds than other parts of the region. In terms of temporal distribution, most gusty winds
occur in spring and winter. In examining the influence of each of the predictor components (pressure and
temperature) on the response variable (wind gust) based on the output of the MLR and RW model results, it was
determined that in 67 percent of the meteorological stations, the air pressure is introduced as the most important
influencing factor in the occurrence of gusty winds. In examining the seasonal trend of gusty winds, the
occurrence of gusty winds increases in 78 and 72 percent of stations in winter and spring, respectively. In the
summer, the prevailing trend in most of the region is upward, and in the fall, stations in the southern, western,
and northwestern parts of the region generally have increased occurrences. In examining the teleconnection
patterns, in winter, the East Atlantic-West Russian (EA/WR) pattern and the Polar-Eurasian (POL) pattern, in
spring, the West Pacific (WP) and East Atlantic (EA) patterns, in summer the East Atlantic (EA) pattern, and in
autumn the two Scandinavian patterns (SCA) and the Tropical-Northern Hemisphere (TNH) pattern are
considered to be the most important predictor variables affecting gusty wind events.

Conclusion

The results of this research can be used as an introduction to future studies in the field of predicting the
occurrence of wind gusts in the region. Identifying the temporal and spatial location of gusty winds, along with
the mechanism of formation of this phenomenon and its relationship with teleconnection patterns, and ultimately
its prediction, can help reduce natural disasters. Due to limitations in available observation data (mostly weather
stations traditionally report on an hourly basis), this is not possible unless all wind measurement stations are
equipped with sensors to record real-time wind direction and speed reports.

Keywords: Gusty wind, West and northwest of Iran, Spatial and temporal distribution, Teleconnection patterns,
Lasso regression.
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