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_ Cold anomalies can cause ecological disruptions in many
Research Article

regions; however, in the southern coastal areas of Iran—where
the warm season is characterized by extremely high
temperatures—temperatures below normal may temporarily
improve thermal comfort conditions. This study investigates
the synoptic mechanisms associated with warm-season cold
anomalies using factor analysis. The warm season was defined

- as the period from April to October, and daily minimum
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study area. In total, 31 cold or cool waves were identified
comprising 113 days. The results indicate that 12 events were
associated with the Migratory Anticyclone, 11 events related
to the Siberian High, while the remaining events linked to the
Polar Vortex pattern, the African Anticyclone, and a
combined Siberian—Migratory circulation pattern. In the
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a high-pressure core extending from the Black Sea toward the
Caspian region, together with the advection of relatively cold
air from higher latitudes, resulted in a noticeable decrease in
temperature over the southern coastal regions of Iran.
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Extended Abstract

Introduction

Although the Persian Gulf region is
characterized by  extremely high
temperatures during the warm season,
occasional cold anomalies can occur due to
large-scale atmospheric circulation patterns.
These events, while relatively rare, may
significantly affect human comfort, energy
consumption, agriculture, and
environmental systems. Most
climatological studies in Iran have focused
on cold waves during the cold season, while
warm-season cold anomalies have received
far less attention. Understanding the
synoptic mechanisms responsible for such
events is therefore essential for improving
climatic interpretation and forecasting
capabilities. The present study aims to
identify and classify the synoptic
circulation patterns responsible for cold and
cool waves during the warm season in the
coastal regions of the Persian Gulf using
statistical and synoptic analysis methods,
particularly factor analysis.

Methodology

This study analyzed daily minimum
temperature data from meteorological
stations located along the northern coast of
the Persian Gulf for the warm-season period
(April-September) during 1990-2024. To
identify extreme cold anomalies,
temperature data were standardized using
the Z-score index, calculated based on
long-term  climatological means and
standard deviations. Cold events were
defined using three simultaneous criteria:
(1) standardized temperature values lower
than —1.8, (2) persistence for at least three
consecutive days, and (3) spatial coverage
involving at least 50% of the studied
stations.

After identifying the cold events, synoptic
circulation patterns were examined using
factor analysis in S-mode with the principal
component method. This technique was
applied to geopotential height fields to
identify the dominant spatial structures of
atmospheric circulation associated with the
detected cold events. The adequacy of the
dataset for factor analysis was confirmed
using the Kaiser—Meyer—Olkin (KMO)
measure. Factors were extracted based on
eigenvalues and explained variance, and the

dominant factors were selected and
interpreted based on their spatial loading
patterns. Each extracted factor represents a
distinct ~ synoptic  circulation  regime
influencing temperature anomalies over the
study region.

Results and Discussions

The analysis identified 31 cold and cool
waves during the warm season of the study
period. Factor analysis revealed several
dominant synoptic circulation patterns
responsible for the occurrence of these
events. The most influential pattern is
associated with the strengthening and
southwestward extension of the Siberian
High, which leads to the advection of
relatively cold continental air masses
toward the Persian Gulf region. Another
important pattern involves the influence of
migratory anticyclones originating from
higher latitudes that move southeastward
toward the Middle East, producing
temporary cooling over the region. A third
circulation pattern is linked to the
interaction between subtropical systems and
regional pressure anomalies that facilitate
the penetration of cooler air masses into the
Persian Gulf coastal areas. These
circulation regimes are  typically
accompanied by positive geopotential
height anomalies over northern Eurasia and
pressure gradients that channel cooler air
toward lower latitudes. The spatial
configuration of these systems plays a
pivotal role in controlling the intensity and
duration of warm-season cold anomalies in
southern Iran.

Conclusion

The results indicate that warm-season cold
anomalies in the Persian Gulf coastal region
are strongly influenced by large-scale
atmospheric circulation patterns originating
from higher latitudes. The extension of the
Siberian High, the passage of migratory
anticyclones, and interactions with regional
circulation systems constitute the main
mechanisms responsible for these events.
By applying factor analysis to synoptic
atmospheric fields, this study provides a
systematic classification of the circulation
patterns associated with warm-season cold
waves in southern Iran. The findings
improve understanding of the synoptic



drivers of temperature variability in the
Persian Gulf region and may contribute to
better forecasting, climate monitoring, and
energy management strategies in this
climatically sensitive area.
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