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Article Info ABSTRACT

Article type: Objective: Precipitation concentration denotes the temporal and spatial distribution of
Research Article

precipitation within a watershed, and has a substantial influence on hydrology and water
resource management. This study examines the spatial and temporal patterns of
precipitation concentrations in Mazandaran Province.
Arti(‘:le history: Methods: Precipitation data from eight meteorological stations covering the period from
iigig’tzg 252’ %C;?cierggg? 2002 to 2021 were used, and the Precipitation Concentration Index (PCI) was employed
Published online 12 March for data analysis.
2025 Results: The findings revealed that the precipitation concentration in this province
exhibited significant spatial and temporal variation. The highest PCI values were recorded
in the western regions, particularly in Babolsar and Nowshahr, indicating high

concentrations of precipitation during specific seasons. Conversely, the eastern region

PKey\_Nc_Jtrcti_s: displayed a more uniform precipitation distribution. Seasonal analyses confirmed that
recipitation, . . -

PCI (Precipitation spring was the least rainy season and autumn was the wettest. Additionally, Inter-annual
Concentration Index), variations in PCI indicated an increasing trend at some stations, suggesting a growing
Mazandaran.

concentration of precipitation in recent years. Spatial analysis of PCI patterns also
indicated that the southwestern and eastern regions of the province, influenced by
topographic factors and distance from the Caspian Sea, experienced relative precipitation
concentration during specific months. In contrast, the northern and northwestern regions,
which are affected by Mediterranean weather systems and recent climate change,
demonstrate an irregular and seasonal distribution of precipitation.

Conclusions: The findings of this study underscore the necessity of considering spatial
and temporal variations in precipitation concentrations in the management of water
resources and hydrological processes in Mazandaran Province. The observed increasing
trend in PCI highlights the need to develop adaptive strategies to address the challenges
posed by extreme precipitation events and prolonged dry periods

Cite this article: Nasserzadeh, M.H., Karbalace Doree, A.R ., & Ghaderi Rastaghi, M. (2025). Spatial and Temporal
Analysis of Precipitation Concentration and Its Zonation in Mazandaran Province. Spatial Analysis
Environmental Hazards, 11 (4), 95-108. http//doi.org/10.61186/jsaeh.11.4.5

© The Author(s) Publisher: Kharazmi University
BY NC DOI: http//doi.org/10.61186/jsaeh.11.4.5



https://orcid.org/0000-0000-0000-0000
mailto:nasserzadeh@khu.ac.ir
https://orcid.org/0000-0003-2200-4929
http://orcid.org/0000-0002-1877-5045

Spatial Analysis Environmental Hazards, Volume 11, Issue 4, 2025 96

EXTENDED ABSTRACT

Introduction

Precipitation is one of the most critical climatic elements, playing a vital role in water resource
management and environmental planning. The temporal and spatial distribution of
precipitation, particularly in regions with complex climates such as Mazandaran Province, is of
great importance. Due to its unique geographical location, Mazandaran is influenced by
Mediterranean weather systems and diverse topography, resulting in distinct precipitation
patterns. This study aims to investigate the spatiotemporal patterns of precipitation
concentration in Mazandaran Province using the Precipitation Concentration Index (PCI) to
analyze precipitation variability at seasonal and annual scales.

Methods

This research utilized monthly precipitation data from eight meteorological stations in
Mazandaran Province over a 20-year period (2002-2021). The Precipitation Concentration
Index (PCI) was employed as the primary tool to analyze the temporal and spatial distribution
of precipitation. The PCI (Precipitation Concentration Index) is used as an indicator to
determine the distribution aspect of rainfall throughout the year. In fact, it can be utilized to
extract seasonal or intra-seasonal variations. Additionally, this index enables the classification
of precipitation data based on whether it is seasonal or non-seasonal. This index was initially
introduced by Oliver (1980). According to Michiels et al. (1992), this index is an indicator of
the erosive power of rainfall and demonstrates the relationship between variability and the
monthly distribution of precipitation

Results

The results revealed significant spatial and temporal variations in precipitation concentration
across Mazandaran Province. The western regions, particularly Babolsar and Nowshahr,
exhibited the highest PCI values, indicating intense precipitation concentration during specific
seasons. In contrast, the eastern regions experienced more uniform precipitation distribution.
Seasonal analysis showed that autumn was the wettest season, while spring was the driest. The
study also identified an increasing trend in PCI values at some stations, suggesting a rise in
precipitation concentration in recent years, likely due to climatic changes and the intensification
of extreme precipitation events.

Conclusion

This study highlights the strong influence of geographical and climatic factors on precipitation
patterns in Mazandaran Province. The western regions, influenced by proximity to the Caspian
Sea and Mediterranean weather systems, receive higher precipitation and exhibit more seasonal
patterns. In contrast, the eastern regions, farther from the sea and less influenced by these
systems, experience more uniform precipitation distribution. The increasing trend in
precipitation concentration in recent years underscores the impact of climate change and the
need for adaptive strategies in water resource management. The findings of this research can
significantly contribute to environmental planning and water resource management in
Mazandaran Province.

The findings revealed that the precipitation concentration in this province exhibited significant
spatial and temporal variation. The highest PCI values were recorded in the western regions,
particularly in Babolsar and Nowshabhr, indicating high concentrations of precipitation during
specific seasons. Conversely, the eastern region displayed a more uniform precipitation
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distribution. Seasonal analyses confirmed that spring was the least rainy season and autumn
was the wettest. Additionally, Inter-annual variations in PCI indicated an increasing trend at
some stations, suggesting a growing concentration of precipitation in recent years. Spatial
analysis of PCI patterns also indicated that the southwestern and eastern regions of the province,
influenced by topographic factors and distance from the Caspian Sea, experienced relative
precipitation concentration during specific months. In contrast, the northern and northwestern
regions, which are affected by Mediterranean weather systems and recent climate change,
demonstrate an irregular and seasonal distribution of precipitation. The findings of this study
underscore the necessity of considering spatial and temporal variations in precipitation
concentrations in the management of water resources and hydrological processes in
Mazandaran Province. The observed increasing trend in PCI highlights the need to develop
adaptive strategies to address the challenges posed by extreme precipitation events and
prolonged dry periods.
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