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In this study, the frequency of merging events between the polar-front
jet stream and the subtropical jet stream, along with their impact on
precipitation patterns in western Iran, was analyzed over a ten-year
statistical period (2010-2019). Utilizing coding in GrADS, 300 hPa
jet stream maps were produced at six-hour intervals. Throughout the
study period, the axes of these two jet streams merged on several
occasions.

An examination of the frequency of merging indicated that, prior to
2015, the frequency of merging in December exhibited an increasing
trend. However, this trend diminished in 2016 and 2017, only to
experience a resurgence in 2018 and 2019. It is noteworthy that not all
instances of jet stream merging resulted in significant precipitation
events (e.g., December 2011, 2014, and 2017). For instance, in light
of the substantial rainfall of 110 mm recorded at the Dehloran station,
the period from December 12 to 15, 2010, was selected for detailed
analysis to elucidate the atmospheric mechanisms responsible for the
rainfall. From December 12 to 15, 2010, a decline in air temperature
over Europe and Southwest Asia prompted a considerable meridional
displacement of the polar-front jet stream, resulting in its merger with
the subtropical jet stream. On December 12, 2010, as the polar-front
jet stream underwent meridional movement and extended into tropical
regions, its velocity core merged with that of the subtropical jet stream
over the northern Arabian Peninsula, the Red Sea, and northeastern
Africa. The convergence of these two jet streams led to a vertical
expansion of the jet stream into lower atmospheric levels. At the mid-
levels of the atmosphere, minimal meridional movement was
observed. As a result, the Sudan low-pressure system migrated to
higher latitudes, merging with the Mediterranean low-pressure
system.
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Introduction

The jet stream represents one of the most significant phenomena in the fields of meteorology
and aviation. Jet streams can originate, dissipate, bifurcate, or converge. Most global studies
primarily focus on the structural characteristics of jet streams and their spatial and temporal
distributions. Numerous investigations have been conducted regarding the polar-front jet
stream (Zhu et al., 2018; Kim & Choi, 2021; Rodriguez et al., 2022; Zhou et al., 2022; Zhang
et al., 2023). For instance, Zhang et al. (2023) explored the impact of the subtropical jet
stream in conjunction with climatic changes on the Tibetan Plateau. Iran, situated between
25° and 40° north latitude, displays diverse climatic conditions attributable to its elevation
and topography. Throughout both the warm and cold seasons, the tropical and polar jet
streams exert influence over Iran's atmosphere, playing a crucial role in maintaining
atmospheric balance and precipitation patterns. Precipitation, a critical atmospheric
phenomenon, is intricately linked to the dynamics of the jet stream. The distribution of
precipitation corresponds with the dynamic theory of direct circulation at the entrance of the
jet stream and indirect circulation at its exit (Johnson & Daniels, 1954).

Material and Methods

To examine the merging of the polar-front and subtropical jet streams, coding was executed
using GrADS. Reprocessed and digital data, encompassing wind components at 200 and 300
hPa, geopotential height, sea level pressure, temperature, wind, and precipitable water
components at 500 hPa and sea level, were sourced from the NCEP-NCAR center. The data
possessed a spatial resolution of 2.5 degrees and a temporal resolution of 6 hours for the
month of December from 2010 to 2019. Utilizing GrADS, jet stream maps were produced at
6-hour intervals for December over the 10-year period. The study area was confined to 10°—
80° east longitude and 10°-60° north latitude. Additionally, 24-hour rainfall data from
meteorological stations in western Iran were acquired from the Iranian Meteorological
Organization for the same time frame.

Results and Discussion

The frequency of merging events between the polar and subtropical jet streams and their
subsequent impact on precipitation patterns in western Iran were analyzed over the 10-year
period (2010-2019). The analysis indicated that the frequency of merging increased until
2015, decreased in 2016 and 2017, and subsequently rose again in 2018 and 2019. However,
it is noteworthy that not all instances of jet stream merging resulted in significant
precipitation events (e.g., December 2011, 2014, and 2017). From December 12 to 15, 2010,
a decline in air temperature over Europe and Southwest Asia triggered a considerable
meridional shift of the polar jet stream, culminating in its merger with the subtropical jet
stream. This merging intensified wind speeds at lower atmospheric levels and reinforced the
mid-level low-pressure system. The core of the jet stream was positioned over northeastern
Africa and the Red Sea during this interval.
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Conclusion

The merging of the polar and subtropical jet streams significantly influenced the positioning
and dynamics of the jet stream core, resulting in a pronounced meridional displacement of
the low-pressure system. This phenomenon rendered the Sudanese low-pressure system
increasingly dynamic, facilitating its movement to higher latitudes and its merger with the
Mediterranean low-pressure system. The combined effects of these two low-pressure
systems resulted in precipitation across the majority of regions in Iran, with the exception of
certain areas in the central region. During this interval, the western and southwestern regions
of Iran emerged as the primary conduits for low-pressure systems, which were further
intensified by the Zagros Mountain range. This interaction weakened the low-pressure
systems as they traversed Iran (Farooghi, 2016: 87). Consequently, the northward shift and
transformation of the Sudanese low-pressure system can be attributed directly to the merging
of the two jet streams.
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