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Abstract

Cirrus clouds play a role in the greenhouse effect by interacting with the outgoing thermal radiation 
released by the Earth's surface. There has been a growing interest in studying these clouds in recent 
decades, and scientists globally have been gathering data on their physical and optical characteristics. 
Understanding their impact on climate is crucial for improvements in atmospheric models. The positive 
impact of cirrus clouds on the radiative budget is attributed to their thickness and their ability to allow 
shortwave solar radiation while blocking longwave radiation emitted from the surface. These clouds 
have extensive coverage across the globe, particularly in tropical regions, significantly influencing the 
climate. This study presents an extensive analysis of cirrus cloud characteristics in the São Paulo state 
region using data collected by the CALIPSO satellite over eleven years (2007-2017). The investigation 
covers various aspects of cirrus clouds, including their distribution, altitude, thickness, temperature, 
and optical properties. Yearly distributions reveal prevalent cirrus clouds occurring between 10 and 
15 km, with little variations over the years. Monthly distributions highlight seasonal dynamics in base 
and top altitudes, while cirrus thickness remains relatively consistent. This study explores cirrus 
cloud optical depth (COD), showing variations across different thicknesses. This research aims to 
contribute to a deeper understanding of cirrus cloud behavior in South America and its implications 
for atmospheric processes.
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Abstract

Cirrus clouds, crucial in regulating Earth's energy balance, pose challenges in climate modeling due 
to their complex interactions with solar and terrestrial radiation. To address this, our study employed 
19,943 hours of lidar measurements (July 2011 - December 2017) in the Amazon rainforest. We applied 
an automated algorithm for detecting cloud base and top heights and a combination of the Klett and 
transmission methods to invert the lidar signals and derive optical properties. These were corrected 
for multiple scattering effects. Here we discuss the diurnal cycle, seasonality, and long-term trends of 
cirrus clouds' optical and geometric characteristics.

Our findings indicate a 70.9% frequency of cirrus clouds, with thin cirrus (COD 0.03-0.3) most frequent 
at 38.7%, followed by subvisual cirrus (COD < 0.03) at 22.3%, and opaque cirrus (COD > 0.3) at 14.1%. The 
study detailed cloud base/top heights (mean 13.0 ± 2.2 km / 14.5 ± 1.8 km), geometric thickness (1.50 ± 
1.17 km), and optical depth (0.24 ± 0.38). Lidar ratios varied by cirrus type, with opaque cirrus showing 
higher values (mean 26.1 ± 8.3 sr), indicating diverse ice crystal structures.

The data revealed a strong correlation between cirrus occurrence and local convection patterns, with 
notable diurnal and seasonal fluctuations. The analysis also indicated higher cirrus cloud frequencies 
during the rainy season (79.9%) compared to the dry season (55.4%), with significant peaks in spring 
and fall.

Challenges were faced in detecting long-term trends due to the limitations of ground-based lidar, 
particularly in data quality affected by low clouds. Nevertheless, the study observed a downward 
trend in cirrus occurrence and variations in their optical and geometric properties, aligning with other 
literature but lacking statistical significance.

This research provides critical insights into the behavior of cirrus clouds in tropical forests, offering 
contributions to climate prediction models.
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