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In this study, the relationship between the break of Rossby waves and the occurrence of
extreme precipitation in northwestern Iran was investigated on a synoptic scale. The
research focused on the synoptic analysis of potential vorticity at the potential temperature
level of 330 Kelvin. During the 34-year statistical period (from 1990 to 2024), 270
precipitation systems were identified, based on which the break of Rosshy waves was
examined. Through long-term analysis of both anticyclonic and cyclonic breaks of Rosshy
waves, four patterns of Rossby wave break related to extreme precipitation events in
northwestern Iran were identified. The results indicate that the patterns in the spring and
autumn seasons have the highest frequency, while those in winter and summer have the
lowest occurrences of Rossby wave breaks, respectively. The highest frequency of
cyclonic break events occurred in the months of April and May, while the highest
frequency of anticyclonic breaks was noted in the months of October and November. The
analysis of potential vorticity streamers and their connection to extreme precipitation
events reveals a seasonal dependency between the break of Rossby waves, which influence
both latitudinal and longitudinal extents, contributing to the occurrence or intensification
of extreme precipitation in northwestern Iran. Therefore, the findings of this research can
enhance the understanding of extreme precipitation patterns and improve medium- to long-
term weather forecasting in the country.
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Introduction

Iran is located in a semi-arid region of the world, and one of the prominent features of the climate in these areas
is the occurrence of heavy rainfall. Heavy precipitation is formed through the vertical transport of moisture
within rain-producing clouds, which is enhanced by upward force, reduction of static stability, and provision of
water vapor (Zhong et al., 2020). Large amounts of rainfall are generally associated with substantial convection
of moisture within moist air and unstable environments. When conditions are established, this often occurs in
connection with the relative stability of synoptic scale flows and the slow movement of systems and precipitation
patterns at the mesoscale (Arger et al., 2021; Barnes et al., 2023). The occurrence of Rosshy wave breaking on a
larger scale and its connection to heavy precipitation events in Northwest Iran indicates that significant changes
are induced in the regional atmospheric patterns. Cyclonic and anticyclonic breakups, along with the transport of
warm and cold moist air, create synoptic and dynamic conditions for convection and moisture uplift, leading to
heavy rainfall. The combination of these two phenomena, especially during seasonal changes, can result in rapid
and sudden alterations in the precipitation and atmospheric patterns of the region (Holton, 2013).

Materials and Methods

The occurrence of heavy precipitation in Northwest Iran and its relationship with Rossby wave breaking were
examined for the statistical period of 1990-2024. Initially, using rainfall data from synoptic stations in the
northwest of the country, 275 heavy precipitation systems were identified for the region. To identify Rossby
waves, an amount of 2 PV units (2PVU) was examined on potential temperature levels of 330 Kelvin (330K).
The streamer detection index developed by Wernli and Sprenger (2017) was used to determine and classify the
breaks. After identifying and classifying the wave breaks, the frequency of occurrences was calculated and
underwent synoptic and climatic analysis.

Results

The results indicate that the identified patterns exhibit the highest frequency of Rossby wave breaking events in
spring and autumn, while winter and summer rainfall patterns show the lowest frequencies. The highest
frequency of cyclonic wave breaking events (CWB) occurs in the months of Farvardin (March-April) and
Ordibehesht (April-May), while the highest frequency of anticyclonic wave breaking events (AWB) occurs in
the months of Mehr (September-October) and Aban (October-November). The analysis of potential vorticity
streamers (2PVU) and their relationship with heavy rainfall events in the studied region shows a strong seasonal
dependency between Rossby wave breaking that penetrates both latitude and longitude, contributing to or
enhancing heavy rainfall in northwest Iran. Consequently, this research can provide a better understanding of
synoptic and dynamical rainfall patterns and improve medium- to long-term weather forecasting in the country.

The hypothesis of this study posits that Rossby wave breaking provides a primary synoptic and dynamic
pathway for the occurrence of Extreme Precipitation Events (EPEs) in Northwest Iran. This hypothesis was
examined through a systematic review using EPE climatology and PV streamers, focusing on Rossby wave
breaking. In the spring breaking pattern for AWB, a significant frequency core is formed in Central Asia. The
spring pattern represents the most critical frequency pattern for CWB streamer occurrences and accounts for the
highest frequency values. The frequency core in this pattern completely covers Northwest Iran and the Caspian
Sea, playing the most important role in wave breaking and heavy rainfall events in Northwest Iran. In the autumn
pattern, maximum frequency occurs for AWB breaking, with frequency cores forming over the Mediterranean
Sea and southern Turkey. In the prevailing winter breaking pattern, a strong anomaly core is established at 30
degrees North latitude and approximately 15 degrees West longitude, over the northwestern continent of Africa
and the North Atlantic Ocean. The summer breaking pattern shifts upward to 40 to 80 degrees North latitude.
The frequencies of AWB breaking create a secondary core in the northern half of the Caspian Sea, extending into
the northern strip of the Alborz Mountains and areas of Northwest Iran

Conclusion

The annual total of AWB (Atlantic Wave Breaking) and CWB (Continental Wave Breaking) events during the
studied statistical period of 1990-2024 demonstrates that the frequency of Rossby wave breaking correlates with
the frequency of precipitation events. AWB and CWB events show a higher frequency from 2004 to 2024.
Climate change, resulting from global warming, has led to dynamic and synoptic changes, increasing instances
of Rossby wave breaking and heavy, sudden rainfall in recent decades. The higher frequency of CWB breaking
events compared to AWB suggests that intense and convective rainfall has also increased in recent decades,
owing to the mechanism by which CWB influences convective rainfall and severe thunderstorms accompanied
by lightning. Research indicates that with rising temperatures, the intensity of storms and atmospheric
phenomena increases significantly. These storms can impart additional energy to waves, resulting in more
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frequent breakages (IPCC, 2021). In Iran, the study by Rafati and Sadeghinia (2023) confirms this issue
concerning lightning occurrences and their trends in recent decades.

Keywords: Extreme Precipitation, Rossby wave break, potential vorticity, northwest Iran.
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