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To study the cyclogenesis within the Mediterranean region in different phases of Madden-
Julian Oscillation (MJO) during the cold season (November, December, January, and
February) between 1989 and 2020, MJO index and mean sea level pressure data from the
European Centre for Medium-Term Atmospheric Prediction, ERA5 section were utilized.
For visualizing the frequency, depth, and tracking characteristics of cyclogenesis, the
University of Melbourne method was used. The results showed that the strongest cyclones
in the region formed in phases 8, 6, and 7, respectively, with a pressure less than 994 hPa.
In terms of the frequency of cyclogenesis and the core of cyclones in the region, the
highest and the lowest amount of cyclogenesis were related to phase 7 and 1, respectively.
The results showed that phases 6 and 7 have the strongest central pressures, whereas
phases 1, 3, and 5 have the weakest central pressures of the MJO phases. Phase 2 has the
lowest value of central pressure and the highest average pressure is related to phase 5. The
tracking of cyclones that formed within the Mediterranean region showed that most of the
paths that ended in the western regions of Iran were in phases 2 and 8, whereas in other
phases, these tracks had a southwest to northwest direction. These situations were the case
during phases 3, 4, 6 and 7, which caused most of the cyclones formed in the cold season
of the year to affect most of the north-western regions of Iran.
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Introduction

The Madden-Julian Oscillation (MJO) is an intra-seasonal oscillation associated with a large-scale convective
system (approximately 10,000 kilometers in its active phase) that propagates eastward with a temporal frequency
of 30 to 90 days, moving at an average speed of about 5 meters per second across the tropical regions of the
Indian Ocean and the western Pacific Ocean in the Northern Hemisphere. It significantly influences global
precipitation and climate patterns. In addition to its effects on tropical climates, it has a wide-ranging impact on
the extratropical climate. On the other hand, mid-latitude cyclones play an important role in the general
atmospheric circulation due to the transfer of momentum, heat, and moisture between higher and lower latitudes.
There are two major regions in the Northern Hemisphere where cyclones influence the hemisphere's climate,
particularly in terms of the water cycle, extreme weather events, and on a synoptic scale. These regions are the
North Atlantic, the Mediterranean, and the North Pacific. The Mediterranean basin is one of the world's key
cyclone-generating regions. Mediterranean cyclones affect the climates in areas of central and eastern Europe,
Asia, and northern India.

Materials and Methods

In this study, to examine cyclogenesis conditions during different phases of the Madden-Julian Oscillation
(MJO) in the Mediterranean region during the cold season (November, December, January, and February), MJO
index data and sea level pressure data from the European Centre for Medium-Range Weather Forecasts
(ECMWF) ERAGS section between 1989 and 2020 were utilized. Three aspects of cyclogenesis characteristics —
frequency, depth, and cyclone tracking — were analyzed using the Melbourne University Cyclone Detection and
Tracking Algorithm. In this analysis, days with MJO occurrences having an amplitude of 0.75 or higher, as well
as phases one through eight where this amplitude was consecutively maintained, were extracted as the study
period. Notably, due to the limited number of selected periods based on these specified conditions, phases that
missed one cycle were also included, resulting in 42 selected periods for the cold season overall. Filters were
applied to the extracted data using the Melbourne University algorithm, which included: a) cyclones located
within the defined spatial and temporal boundaries (10-55°E / 10-45°N, during 1989-2020) were included; b)
cyclones lasting less than 24 hours (four time steps: 00:00, 06:00, 12:00, 18:00) were excluded; c) cyclones
identified over multiple time steps (assigned identical numbers) were reviewed, and only the instance with the
lowest recorded pressure was considered; d) the median pressure during selected days of different phases was
calculated, with the maximum pressure for the cold season set at 1010.87 hPa.

Results

The study of cyclogenesis in the eight phases of the Madden-Julian Oscillation (MJO) revealed that cyclogenesis
nucleii in the Mediterranean region vary (from 993 to 1010 hPa). Among these, the strongest cyclones formed
over the Mediterranean in phase 8. In terms of cyclone occurrence diversity, phases 8, 1, and 2 exhibited the
highest diversity compared to other MJO phases. During the cold season, cyclogenesis regions are observed
throughout the Mediterranean basin, western Iran, the southern Persian Gulf, the western Red Sea, northern
Africa, and tropical Africa. Regarding the frequency of cyclonic nucleii and cyclogenesis in the region, phase 7,
with 39 centers (19.40% of the long-term seasonal average), and phase 1, with 12 centers (5.97% of the long-
term seasonal average), exhibited the highest and lowest numbers of cyclogenesis centers, respectively. Notably,
phase 2 had the lowest central pressure in cyclonic nucleii, whereas the highest mean pressure in the cyclones
formed in the region was related to phase 5. Furthermore, an analysis of the pressure depth of the cyclonic
centers in the region showed that phases 6 and 7 had the most frequent low-pressure minima, whereas phases 1,
3, and 5 had the least. Most low-pressure nucleii formed over the Mediterranean, with some also forming in
western Iran. February, January, and December recorded the strongest cyclones compared to other months of the
cold season. Cyclone tracking over the Mediterranean region indicated that the most tracks ending in western
Iran occurred in phases 2 and 8, whereas in other phases, the trajectories were northwesterly, ending in
northwestern Iran, especially in phases 3, 4, 6, and 7. During the cold season, cyclone paths were more dense
over the Mediterranean basin and western Iran, with less dense paths observed in the western Red Sea, tropical
Africa, and the southern Persian Gulf.

Conclusion

The results indicated that the strongest cyclones in the region were formed in phases 8, 6, and 7, with pressures
below 994 hPa. In terms of cyclone frequency and cyclogenesis in the region, phases 7 and 1 recorded the
highest and lowest cyclogenesis, respectively. The analysis of central pressure depth in cyclones showed that
phases 6 and 7 produced the strongest cyclones, while phases 1, 3, and 5 had the weakest cyclones during the
Madden-Julian Oscillation. Phase 2 exhibited the lowest central pressure in cyclogenesis, whereas phase 5 had
the highest average pressure within cyclones formed in the region. Cyclone tracking over the Mediterranean
revealed that most paths ending in western Iran occurred in phases 2 and 8. In other phases, the tracking shifted
from southwest to northwest, particularly in phases 3, 4, 6, and 7, causing most of the cyclones formed during
the cold season to primarily impact northwestern Iran.
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