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Article Info ABSTRACT

Article type: This study aims to identify the spatiotemporal patterns and
Research Article atmospheric mechanisms influencing synoptic and convective wind
gust events in western and northwestern Iran. To this end, wind gust
data collected from 19 synoptic meteorological stations were
analyzed, and convective wind gust events were distinguished from
synoptic events based on present weather codes. Following the
classification of these events, composite maps based on reanalysis
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data at different atmospheric levels were constructed to investigate
the atmospheric patterns associated with each type of event. The
results indicated that the highest potential for wind gusts occurred
across the northern and northeastern parts of the region. On an
annual scale, 68% of wind gust events are associated with synoptic
systems, while 32% originate from convective processes. Synoptic
wind gusts reveal the highest frequency during winter, whereas
convective wind gusts peak in spring. Atmospheric circulation
classification indicated that convective wind gusts exhibit greater
pattern diversity than synoptic wind gusts, with 20 seasonal
circulation patterns identified for convective events compared with
12 patterns for synoptic events. This difference highlights the
simultaneous influence of large-scale atmospheric circulation,
thermodynamic instability, surface heating, moisture availability,
and topographic complexity on convective wind-gust development.

Convective Wind Gust, In contrast, synoptic wind gusts are primarily influenced by specific
Synoptic Wind Gust, large-scale atmospheric circulation patterns. For both wind gust
Atmospheric types, key intensifying factors include upper-level troughs, strong
Circulation Patterns, pressure/temperature  gradients, moisture transport from the
Omega, .

Mediterranean and warm southern seas, and downward momentum

Western and
Northwestern Iran. transfer from upper levels to the surface.
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Extended Abstract

Introduction

Wind gusts are among the most hazardous
atmospheric phenomena because of their
sudden and substantial variations in wind
speed, which can inflict substantial damage
on infrastructure, agriculture, transportation
systems, and other socio-economic sectors.
Distinguishing  between synoptic and
convective wind gusts is of considerable
importance in operational meteorology,
hazard management, and climatological
research because these two types differ
fundamentally in their genesis, spatial scale,
dynamical characteristics, intensity, and
environmental impacts. Accordingly, this
study investigates the occurrence frequency
of wind gusts and classifies them into
synoptic and convective categories on a
seasonal basis. Furthermore, it identifies and
analyzes the large-scale atmospheric
circulation patterns and synoptic
mechanisms responsible for the
development of these wind gusts across
western and northwestern Iran.

Methodology

This study utilized wind gust observations
from 19 METAR meteorological stations
spanning the period 2012-2021. Convective
wind gust events were identified from days
on which wind gusts were recorded by using
present weather (WW) codes, including
codes 17, 30-35, and 80-99, representing
thunderstorm- and dust-related phenomena.
Synoptic wind gusts were distinguished
based not only on their temporal persistence,
which typically extends over several hours,
but also on their broad spatial extent, often
affecting areas spanning several hundred
kilometers. Following the classification of
wind gusts into convective and synoptic
categories, the dominant and most
frequently occurring atmospheric circulation
patterns associated with these events were
investigated using the National Centers for
Environmental Prediction/National Center
for Atmospheric Research (NCEP/NCAR)
reanalysis dataset. The analyzed variables
included omega vertical velocity, specific
humidity, zonal and meridional wind
components, and geopotential height at the
1000, 925, 850, 700, and 500 hPa pressure
levels.

Results and discussion

The results indicated that the highest
potential for wind gusts occurred across the
northern and northeastern parts of the
region. On an annual basis, 68% of the
recorded wind gust events were of synoptic
origin, whereas 32% were associated with
convective processes. Seasonally, synoptic
wind gusts occurred most frequently during
winter, while convective wind gusts reached
their maximum frequency in spring. The
classification of atmospheric circulation
patterns revealed that convective wind gusts
exhibit  substantially greater  synoptic
diversity than their synoptic counterparts,
with 20 seasonal circulation patterns
identified for convective events compared
with 12 patterns for synoptic events. This
greater diversity reflects the combined
influence of large-scale  atmospheric
circulation,  thermodynamic instability,
surface heating, atmospheric moisture, and
complex topography on the development of
convective wind gusts. In contrast, synoptic
wind gusts are primarily governed by well-
defined large-scale atmospheric circulation
patterns. Despite these differences, both
types of wind gusts are favored by the
presence of upper-level troughs, moisture
transport from the Mediterranean Sea and
the warm southern seas, strong pressure and
temperature gradients, dynamically forced
ascent, and the downward transport of
momentum from the middle and upper
troposphere to the surface. These processes
constitute  the primary  dynamical
mechanisms responsible for the
intensification of wind gusts across western
and northwestern Iran.

Conclusion

Across western and northwestern Iran,
approximately 68% of annual wind gust
events are of synoptic origin, whereas the
remaining 32% are associated with
convective processes. Convective wind
gusts exhibit substantially greater diversity
in atmospheric circulation patterns than
synoptic wind gusts. A total of 20 seasonal
circulation patterns were identified for
convective events, including seven in spring,
six in autumn, five in winter, and two in
summer.  Analysis of the dominant
convective patterns indicates that, across all



seasons, interaction between the Arabian—
Pakistan thermal low or the Sudan low and
migratory highs, the Siberian—Tibetan High,
and, in some cases, the Mediterranean
trough, generate strong pressure and
temperature gradients, enhance moisture
transport from the Mediterranean Sea and
the warm southern seas, and destabilize the
lower troposphere. Simultaneously, deep
upper-level troughs, negative omega values,
intensified  upper-level  winds, and
downward momentum transport promote
dynamically forced ascent and the
development of deep convection, thereby
creating favorable conditions for severe
wind gusts. In contrast, synoptic wind gusts
are primarily influenced by a more limited
range of large-scale atmospheric circulation
configurations, resulting in lower pattern
diversity. Overall, 12 circulation patterns
were identified for synoptic wind gusts,
comprising four patterns in spring, two in
summer, two in autumn, and four in winter.
The dominant circulation pattern in each
season accounts for a substantial proportion
of the observed events, explaining
approximately 64% of spring, 89% of
summer, 86% of autumn, and 77% of winter
occurrences. A common characteristic of all
synoptic wind gust patterns is the concurrent
establishment of the subtropical high-
pressure system adjacent to thermal lows or
cyclones associated with the polar trough.
This configuration produces strong pressure
gradients, facilitates moisture transport from
the Mediterranean Sea and the warm
southern seas, strengthens the prevailing
westerly and southwesterly flows, enhances
dynamically forced ascent, and promotes the
downward transfer of momentum from the
middle and upper troposphere to the surface,
thereby creating favorable conditions for the
development of severe wind gusts. Overall,
the results demonstrate that although
synoptic and convective wind gusts share
several key dynamical  mechanisms,
including the influence of upper-level
troughs, dynamically forced ascent, and
downward momentum transport, they differ
fundamentally in their dependence on
thermodynamic  processes and local
circulations. Convective wind gusts arise
from the complex interaction between large-
scale atmospheric circulation and mesoscale

to local processes and therefore exhibit
greater circulation-pattern  diversity. In
contrast, synoptic wind gusts are largely
governed by well-defined large-scale
circulation regimes. These findings advance
the climatological understanding of wind
gusts across western and northwestern Iran
and provide a scientific basis for improving
forecasting models, enhancing early warning
systems, and strengthening risk management
strategies for severe wind events in the
region.
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