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The torrential rains that occurred in April 2017 in Lorestan Province
exemplified severe precipitation that inflicted substantial damage on
agricultural, urban, transportation, and communication infrastructures.
This study aims to investigate and elucidate the relationship between the
physical structure of clouds responsible for two waves of heavy rainfall
in April 2017 within the Doroud catchment area of Boroujerd. In this
context, the statistical characteristics of two precipitation events on March
25 and April 1, 2019, were analyzed. The microphysical properties of the
clouds generating these two heavy rainfall events were examined utilizing
the Madis superconductor product and MODO6. Four microphysical
factors contributing to the formation of clouds during these two rainfall
waves in the Doroud-Borujerd basin—including cloud top temperature
(CTT), cloud top pressure (CTP), optical cloud thickness (OCT), and
cloud cover ratio (CFR)—were analyzed. Statistical assessments
indicated that the first wave of heavy rainfall, occurring on March 25,
2019 (5 April 1398), accounted for 15% of the total annual rainfall, while
the second wave on April 1, 2019 (12 April 1398) contributed 20% of the
region's average annual rainfall within these two days. The findings from
the analysis of the microphysical structure of the clouds producing these
two precipitation waves, based on data from the MODIS cloud sensor
product, revealed a significant spatial correlation between the four
microphysical factors and the recorded precipitation values of these two
heavy rainfall events. Specifically, the cloud top temperature and
pressure, indicative of vertical cloud expansion in the area, exhibited a
significant inverse relationship with the precipitation amounts in the
basin. Conversely, the cloud cover ratio and optical thickness
demonstrated a direct and significant spatial correlation with the recorded
rainfall values. The results of this study thus establish a significant and
robust relationship between the microphysical structure of clouds and the
precipitation amounts recorded in the region during these two heavy
rainfall events.
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Introduction
Climate change has emerged as a significant driver of atmospheric anomalies, intensifying extreme

weather events on a global scale. In Iran, this phenomenon has manifested through unprecedented
occurrences of drought, torrential rainfall, heatwaves, and unseasonal frosts, thereby disrupting the
natural climatic equilibrium. The floods that occurred in Lorestan Province in April 2019, which
resulted in widespread devastation, exemplify this trend toward climatic extremes. These events
underscore the urgent need to understand the microphysical properties of clouds, which serve as
crucial mediators of precipitation dynamics. Recent studies have emphasized the role of cloud
parameters such as Cloud Optical Thickness (COT), Cloud Top Pressure (CTP), and Cloud Fraction
(CF) in modulating rainfall patterns. Satellite remote sensing, particularly through NASA's Moderate
Resolution Imaging Spectroradiometer (MODIS), provides high-resolution data for the analysis of
these parameters. This study utilizes MODIS-derived cloud products (MODO6) to investigate the
microphysical characteristics of clouds during two extreme rainfall events in Lorestan Province on
April 5 and April 12, 2019, and their correlation with recorded precipitation. The objective of this
research is to elucidate the relationship between the physical structure of clouds and the two waves
of heavy rainfall experienced in April 2019 within the Doroud catchment area of Boroujerd.

Material and Methods
This research examines the Dorood-Borujerd watershed located in Lorestan Province, which is a sub-

basin of the Karun River system. The area encompasses 2,546 km?2 and features a wide range of
elevations from 1,437 m to 4,015 m, exhibiting diverse topographical and climatic conditions. Data

Sources: This study employs two types of data: Ground Data: Daily precipitation records were

collected from the Borujerd and Dorood synoptic stations for April 2019, sourced from the Lorestan
Meteorological Administration. Satellite Data: The study utilizes the MODIS Terra/Aqua Level-2

Cloud Product (MODO06) with a spatial resolution of 1 km, providing the following parameters: cloud
Fraction (CF): The percentage of the sky covered by clouds. Cloud Top Pressure (CTP): The vertical
extent of cloud layers (hPa). Cloud Top Temperature (CTT): The thermal profile of cloud tops
(Kelvin). Cloud Optical Thickness (COT): The density and water content of clouds. A Pearson's

spatial correlation matrix at a 95% confidence level was employed to quantify the relationships
between cloud parameters and precipitation. Geographic Information System (GIS) mapping was
conducted to analyze the distribution of rainfall and cloud microphysical features across Lorestan
Province. In this context, the statistical characteristics of two significant precipitation events

occurring on March 25 and April 1, 2019, were analyzed. The properties of the clouds responsible
for these two heavy rainfall events were assessed using the MADIS superconductor product and
MODO6 data. The microphysical factors influencing the formation of clouds associated with these
two precipitation events in the Doroud-Borujerd basin were examined, including Cloud Top
Temperature (CTT), Cloud Top Pressure (CTP), Cloud Optical Thickness (COT), and Cloud Fraction
(CF) . Statistical analysis revealed that during the first heavy rainfall event on March 25, 2019 (5

April 1398), 15% of the total annual rainfall was recorded, while the second event on April 1, 2019
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(12 April 1398) accounted for 20% of the region's total average annual rainfall over the course of
these two days.

Results and Discussion
Statistics Data regarding the two incidents of heavy rainfall indicated that during the first event on

March 25, 2019 (5 April 1398), 15% of the total annual rainfall was recorded, while the second event
on April 1, 2019 (12 April 1398) accounted for 20% of the region's total average annual rainfall,
occurring within these two days. An analysis of the microphysical structure of the clouds responsible
for these precipitation events, utilizing data from the MODSI cloud sensor product, revealed a
significant spatial correlation among four microphysical parameters of the clouds and the recorded
precipitation values from both heavy rainfall events. Specifically, the cloud peak temperature and
pressure, which indicate vertical cloud expansion in the region, exhibited a notable inverse
relationship with the amount of precipitation observed in the basin. Conversely, the cloud ratio and
cloud optical thickness demonstrated a direct and significant spatial correlation with the recorded
rainfall values. The findings of this study indicate that a substantial and robust relationship exists
between the microphysical structure of the clouds and the amount of rainfall recorded during these
two heavy precipitation events.

Conclusion

The two factors of cloud top temperature and cloud top pressure, which represent the vertical extent
of clouds over the study area, demonstrated a significant inverse correlation with basin-level
precipitation. In contrast, the cloud cover ratio and cloud optical thickness (COT) exhibited a direct
and significant spatial correlation with recorded precipitation values. The findings of this study
indicate that during the two heavy precipitation events analyzed, a robust and significant relationship
existed between the microphysical structure of clouds and the recorded precipitation levels in the
region. Research conducted by Sarengi et al. (2017) and Chakraborty (2013) established that
widespread and significant monsoon rainfall in the region occurs when the cloud cover ratio exceeds
70%. The cloud optical thickness (COT), derived from the visible bands of the MODIS sensor in the
MODO06 product—which reflects aerosol density and cloud moisture content—plays a critical role
in determining recorded precipitation amounts. Previous studies have indicated that thick clouds are
essential for the formation of heavy precipitation, whereas this factor is less critical for light rainfall
(Choubary & Chakraborty, 2017). In this study, the optical thickness of clouds exhibited significant
spatial correlation during the two heavy rainfall events. In addition to cloud cover ratio and optical
thickness, cloud top temperature and pressure were also analyzed in relation to the two heavy
precipitation cases. These factors demonstrated a significant inverse correlation with basin-level
precipitation. Similar findings were reported by Halimi et al. (2017), who examined the relationship
between cloud microphysical parameters and precipitation in Fars Province. In conclusion, this study
posits that the optical and physical structure of clouds during heavy and widespread precipitation
events can serve as substantial and precise predictors of rainfall.
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