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Abstract. Cloud cover has a major influence on planetary albedo, which in turn plays a key role in the surface radiation
balance and the regulation of Earth’s energy budget. Therefore, the objective of this study was to generate and analyze
time series (2002-2024) of daily cloud cover data obtained from MODIS sensor imagery onboard the Terra satellite,
available through the Google Earth Engine (GEE) catalog, for the state of Rondénia and Marajé Island, in the Northern
region of Brazil. To obtain daily cloud cover data, the MOD09GA.061 Terra Surface Reflectance Daily 1 km and 500 m
collection available in the GEE catalog was used. Cloud cover values were extracted using the cloud bitmask found in
the "State_1km" quality control band. The data obtained from GEE were exported in CSV format for time series analysis
in the R software. The Breaks for Additive Season and Trend (BFAST) package was used to decompose the time series
into three components: seasonality, trend, and residuals. Both locations showed high cloud fraction values throughout
the study period, with averages of 0.82 for Rondénia and 0.87 for Maraj6 Island. Marajé Island showed lower variability
in the data and a higher frequency of cloudy days compared to Rond6nia, which presented greater variability and more
frequent occurrences of less cloudy days. Regarding the time series decomposition, both locations exhibited well-
defined seasonal patterns. The state of Rondonia showed stable cloud cover throughout the study period, while Marajé
Island presented a trend break and a decline in cloud cover beginning in 2021. It was concluded that the proposed
approach shows potential for large-scale cloud cover monitoring, although future studies should be conducted to
confirm the reliability of the data obtained.
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1. Introduction

Electromagnetic radiation, when interacting with
the environment, can be absorbed, transmitted, or
reflected. In this way, the Earth's energy balance can
be determined by the difference between incoming
and outgoing radiation within the system composed
of the atmosphere, clouds, and surface. This balance
is influenced by the absorption, transmission (or
scattering), and reflection of shortwave
electromagnetic energy, as well as the emission of
longwave thermal infrared (IR) radiation by the
surface or the atmosphere. Therefore, clouds
directly affect the Earth's energy balance by
reflecting shortwave radiation back into the
atmosphere (cooling effect) and absorbing
longwave IR radiation emitted by the surface
(warming effect)

Several studies have been conducted to investigate
cloud and aerosol dynamics and their influence on
the Earth’s energy budget. Herman et al. ,
retrieved the Earth's Lambertian Equivalent
Reflectivity (LER) for the period 1979-2011. The
LER at 340 nm is directly related to cloud and
aerosol cover due to the low surface reflectance at
this wavelength, while non-absorbing clouds and

aerosols reflect more strongly in this region. The
authors observed a global decrease in reflectivity
due to clouds and aerosols over time, along with a
consequent increase in surface incident radiation
(+2.7 W m™?) and surface absorption (+2.3 W m™2),
particularly over the USA, Brazil, and Central
Europe.

In 2023, the Global Mean Surface Temperature
(GMST) reached a record high of 1.5 K above the
pre-industrial average . Factors such as El Nifio
and the 11-year solar cycle partly explain this
increase. However, Goessling et al. investigated
the drivers behind a 0.2 K anomaly in the 2023
GMST record. Using satellite data and reanalysis
products, the authors identified a record-low
planetary albedo as the main contributor, which
they attributed primarily to a reduction in cloud
cover over tropical oceans, particularly the Atlantic,
and northern mid-latitudes. In this context, the use
of higher-resolution data, such as that from the
Moderate Resolution Imaging Spectroradiometer
(MODIS), may be strategic for obtaining more
detailed information on cloud cover and aerosol
properties to better understand these trends and
variations



MODIS sensors are onboard the Terra and Aqua
satellites, which have been in orbit since 2000 and
2002, respectively, collecting surface and
atmospheric data through 36 spectral bands ranging
from 3.75 pm to 14.24 pm . With moderate
spatial resolution, excellent temporal resolution,
and a long daily time series, MODIS sensors serve as
key instruments for monitoring global dynamics
and understanding various processes on the surface,
oceans, and atmosphere

Therefore, the objective of this study was to obtain
and analyze time series of daily cloud cover data
from MODIS products for the period 2002-2024,
using the Google Earth Engine (GEE), for two
locations in the Northern region of Brazil.

2. Research Methods
2.1 Study areas

Two areas at distinct longitudes in the Northern
region of Brazil were selected for this study: Marajé
Island and the state of Rondonia (Figure 1). Marajé
Island is the largest river-maritime island on the
planet (40,000 km?) and is located in the state of
Par3, at the mouth of the Amazon River, between
parallels 1°N and 2°S and meridians 51°W and
49°W . The island can be divided into two
distinct regions: a well-drained area characterized
by tropical forests, and a flood-prone area
composed of grasslands, savannas, and mangroves
. According to the Koppen climate classification,
the climate is transitional between Am and Aw, with
an average annual temperature ranging from 25-
29°C and average precipitation between 2000-4000
mm . The state of Ronddnia is located in the
northwestern region of Brazil, between latitudes
7°59'S and 13°42'S and meridians 66°37'W and
60°44'W, covering a total area of 237,590.35 km?
. Its economy is based on extensive cattle
ranching and agriculture, and it has the third-
highest deforestation rate among Brazilian states

2.2 Cloud cover data

To obtain daily cloud cover data for the study areas
from 2002 to 2024, images from the MODIS sensor
onboard the Terra satellite were used, specifically
from the MOD09GA.061 Terra Surface Reflectance
Daily 1 km and 500 m collection available in the
Google Earth Engine (GEE) catalog. This collection
provides atmospherically and aerosol-corrected
surface reflectance data across seven spectral bands

. Bands 1-7 (620-2155 nm) are available at 500
m spatial resolution in a daily gridded product using
a sinusoidal projection, and the quality control
layers are provided at spatial resolutions of 500 m
or 1000 m . Bands 1-7 (620-2155 nm) are
available at 500 m spatial resolution in a daily
gridded product using a sinusoidal projection, and
the quality control layers are provided at spatial

resolutions of 500 m or 1000 m

To extract cloud cover data from this MODIS
collection, the bitmask from the quality band
“State_1km” (Reflectance data State QA) was used,
where bits 0-1 indicate the presence of clouds.
Thus, we have:

Cloudy pixels (1) 89)
All pixels(0,2A3)

Cloud cover =

Where:

Cloudy pixels = 1;
Clear pixels = 0;
Mixed pixels = 2;

Not set pixels (assumed clear) = 3.

The main steps for obtaining the daily cloud cover
data in GEE were as follows: importing the Region of
Interest (ROI); defining the temporal range for data
extraction; importing the desired collection
(MOD09GA.061), selecting the band of interest
(“State_1km”), and applying spatial clipping based
on the ROI; creating a function to calculate cloud
cover, as described in Equation 1; extracting the
daily value within the ROI; and exporting the data as
Comma Separated Values (CSV).

Thus, with the code implemented in JavaScript in
the GEE platform, a daily cloud cover value was
obtained for each day within the period 2002-2024,
for the selected regions. The data were
subsequently exported in Comma Separated Values
(CSV) format.

2.3 Time series analysis

For the time series extraction and analysis, the CSV
data were imported into the R software
Initially, linear interpolation was performed to fill in
87 missing values, which were non-consecutive and
well distributed across a dataset of 8,362
observations . After gap interpolation, a time
series of the “zoo” class was created, which was
later converted to the “ts” class. These “ts”-type time
series were then used as input for the Breaks for
Additive Season and Trend (BFAST) package to
decompose the cloud cover time series, as described
by Verbesselt et al.
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Fig. 1: Location of the study areas with the Northern Region of Brazil highlighted.
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Fig. 2: Descriptive statistics (boxplots) of cloud cover
for the study areas Maraj6 Island (MI) and Ronddnia
(RO).

3. Results and Discussion

The state of Ronddnia and Marajé Island showed
high average cloud cover values for the period
2002-2024, with means of 0.82 and 0.87,
respectively. The boxplots in Figure 2 demonstrate
that Marajé Island exhibited lower variability in the
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data, with a higher occurrence of cloudy days
compared to the state of Rondonia, which showed
greater variability in cloud cover and a higher
occurrence of less cloudy days.

The time series obtained in GEE for Marajo Island
and the state of Ronddnia allowed the identification
of clear seasonal patterns, with a higher incidence of
clouds in the summer and lower incidence in the
winter (Fig. 3). However, it was not possible to
identify any trends just from the generated graphs.

The BFAST package implemented in R performed
the decomposition of the time series, which made it
possible to identify clearer seasonal patterns and
trend breaks. The components generated by the
decomposition were the original time series (Yt),
the seasonality (St), the trends (Tt), and the
residuals (et). Both locations showed very strong
seasonal behavior. For the state of RondoOnia, no
trend breaks were detected, and cloud cover for the
period remained stable, without positive or negative
trends. Marajo6 Island also exhibited great stability
in cloud cover for most of the period from 2002 to
2024. However, starting in 2021 (Fig. 4 and 5), a
trend break was identified, indicating a decrease in
cloud cover in the area, similar to the study by
Goessling et al. [2]. Nevertheless, further
investigations are needed to assess the reliability of
the data and the existence of random errors.
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Fig. 4: Time series decomposition (2002-2024) of
cloud cover for the state of Ronddnia and Marajé
Island. Yt is the original time series; St is the seasonal
component; Tt is the trend component; et is the
residual component.

4. Conclusions

The applied methodology shows potential for cloud
cover monitoring and time series analysis. The
analyses indicate a well-defined seasonality for both
areas. The state of Ronddnia exhibits stability in
cloud cover, while a decrease in cloud cover in
Marajé Island is observed starting in 2021. Future
investigations should be conducted to assess the
reliability of the methodology and the data obtained.
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Abstract.  Cloud cover has a major influence on planetary albedo, which in turn plays a key role in the surface radiation balance and the regulation of Earth’s energy budget. Therefore, the objective of this study was to generate and analyze time series (2002–2024) of daily cloud cover data obtained from MODIS sensor imagery onboard the Terra satellite, available through the Google Earth Engine (GEE) catalog, for the state of Rondônia and Marajó Island, in the Northern region of Brazil. To obtain daily cloud cover data, the MOD09GA.061 Terra Surface Reflectance Daily 1 km and 500 m collection available in the GEE catalog was used. Cloud cover values were extracted using the cloud bitmask found in the "State_1km" quality control band. The data obtained from GEE were exported in CSV format for time series analysis in the R software. The Breaks for Additive Season and Trend (BFAST) package was used to decompose the time series into three components: seasonality, trend, and residuals. Both locations showed high cloud fraction values throughout the study period, with averages of 0.82 for Rondônia and 0.87 for Marajó Island. Marajó Island showed lower variability in the data and a higher frequency of cloudy days compared to Rondônia, which presented greater variability and more frequent occurrences of less cloudy days. Regarding the time series decomposition, both locations exhibited well-defined seasonal patterns. The state of Rondônia showed stable cloud cover throughout the study period, while Marajó Island presented a trend break and a decline in cloud cover beginning in 2021. It was concluded that the proposed approach shows potential for large-scale cloud cover monitoring, although future studies should be conducted to confirm the reliability of the data obtained.



Keywords. Cloud cover, GEE, Remote Sensing, Time series, Climate change.

		Introduction



Electromagnetic radiation, when interacting with the environment, can be absorbed, transmitted, or reflected. In this way, the Earth's energy balance can be determined by the difference between incoming and outgoing radiation within the system composed of the atmosphere, clouds, and surface. This balance is influenced by the absorption, transmission (or scattering), and reflection of shortwave electromagnetic energy, as well as the emission of longwave thermal infrared (IR) radiation by the surface or the atmosphere. Therefore, clouds directly affect the Earth's energy balance by reflecting shortwave radiation back into the atmosphere (cooling effect) and absorbing longwave IR radiation emitted by the surface (warming effect)[1]. 

Several studies have been conducted to investigate cloud and aerosol dynamics and their influence on the Earth’s energy budget. Herman et al. [1], retrieved the Earth's Lambertian Equivalent Reflectivity (LER) for the period 1979–2011. The LER at 340 nm is directly related to cloud and aerosol cover due to the low surface reflectance at this wavelength, while non-absorbing clouds and aerosols reflect more strongly in this region. The authors observed a global decrease in reflectivity due to clouds and aerosols over time, along with a consequent increase in surface incident radiation (+2.7 W m⁻²) and surface absorption (+2.3 W m⁻²), particularly over the USA, Brazil, and Central Europe.

In 2023, the Global Mean Surface Temperature (GMST) reached a record high of 1.5 K above the pre-industrial average [2]. Factors such as El Niño and the 11-year solar cycle partly explain this increase. However, Goessling et al. [2] investigated the drivers behind a 0.2 K anomaly in the 2023 GMST record. Using satellite data and reanalysis products, the authors identified a record-low planetary albedo as the main contributor, which they attributed primarily to a reduction in cloud cover over tropical oceans, particularly the Atlantic, and northern mid-latitudes. In this context, the use of higher-resolution data, such as that from the Moderate Resolution Imaging Spectroradiometer (MODIS), may be strategic for obtaining more detailed information on cloud cover and aerosol properties to better understand these trends and variations [2].

MODIS sensors are onboard the Terra and Aqua satellites, which have been in orbit since 2000 and 2002, respectively, collecting surface and atmospheric data through 36 spectral bands ranging from 3.75 µm to 14.24 µm [3]. With moderate spatial resolution, excellent temporal resolution, and a long daily time series, MODIS sensors serve as key instruments for monitoring global dynamics and understanding various processes on the surface, oceans, and atmosphere [4].

Therefore, the objective of this study was to obtain and analyze time series of daily cloud cover data from MODIS products for the period 2002–2024, using the Google Earth Engine (GEE), for two locations in the Northern region of Brazil.
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Two areas at distinct longitudes in the Northern region of Brazil were selected for this study: Marajó Island and the state of Rondônia (Figure 1). Marajó Island is the largest river-maritime island on the planet (40,000 km²) and is located in the state of Pará, at the mouth of the Amazon River, between parallels 1°N and 2°S and meridians 51°W and 49°W  [5].  The island can be divided into two distinct regions: a well-drained area characterized by tropical forests, and a flood-prone area composed of grasslands, savannas, and mangroves [6]. According to the Köppen climate classification, the climate is transitional between Am and Aw, with an average annual temperature ranging from 25–29°C and average precipitation between 2000–4000 mm [7]. The state of Rondônia is located in the northwestern region of Brazil, between latitudes 7°59'S and 13°42'S and meridians 66°37'W and 60°44'W, covering a total area of 237,590.35 km² [8]. Its economy is based on extensive cattle ranching and agriculture, and it has the third-highest deforestation rate among Brazilian states

				Cloud cover data







To obtain daily cloud cover data for the study areas from 2002 to 2024, images from the MODIS sensor onboard the Terra satellite were used, specifically from the MOD09GA.061 Terra Surface Reflectance Daily 1 km and 500 m collection available in the Google Earth Engine (GEE) catalog. This collection provides atmospherically and aerosol-corrected surface reflectance data across seven spectral bands [9]. Bands 1–7 (620–2155 nm) are available at 500 m spatial resolution in a daily gridded product using a sinusoidal projection, and the quality control layers are provided at spatial resolutions of 500 m or 1000 m [9]. Bands 1–7 (620–2155 nm) are available at 500 m spatial resolution in a daily gridded product using a sinusoidal projection, and the quality control layers are provided at spatial resolutions of 500 m or 1000 m [9].

To extract cloud cover data from this MODIS collection, the bitmask from the quality band “State_1km” (Reflectance data State QA) was used, where bits 0–1 indicate the presence of clouds. Thus, we have:



		

		(1)





Where:

Cloudy pixels = 1;

Clear pixels = 0;

Mixed pixels = 2;

Not set pixels (assumed clear) = 3.



The main steps for obtaining the daily cloud cover data in GEE were as follows: importing the Region of Interest (ROI); defining the temporal range for data extraction; importing the desired collection (MOD09GA.061), selecting the band of interest (“State_1km”), and applying spatial clipping based on the ROI; creating a function to calculate cloud cover, as described in Equation 1; extracting the daily value within the ROI; and exporting the data as Comma Separated Values (CSV).

Thus, with the code implemented in JavaScript in the GEE platform, a daily cloud cover value was obtained for each day within the period 2002–2024, for the selected regions. The data were subsequently exported in Comma Separated Values (CSV) format.

				Time series analysis







For the time series extraction and analysis, the CSV data were imported into the R software [10]. Initially, linear interpolation was performed to fill in 87 missing values, which were non-consecutive and well distributed across a dataset of 8,362 observations [11]. After gap interpolation, a time series of the “zoo” class was created, which was later converted to the “ts” class. These “ts”-type time series were then used as input for the Breaks for Additive Season and Trend (BFAST) package to decompose the cloud cover time series, as described by Verbesselt et al.  [12].Fig. 1: Location of the study areas with the Northern Region of Brazil highlighted.
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 Fig. 2: Descriptive statistics (boxplots) of cloud cover for the study areas Marajó Island (MI) and Rondônia (RO). A diagram of a study area
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AI-generated content may be incorrect. The state of Rondônia and Marajó Island showed high average cloud cover values for the period 2002–2024, with means of 0.82 and 0.87, respectively. The boxplots in Figure 2 demonstrate that Marajó Island exhibited lower variability in the data, with a higher occurrence of cloudy days compared to the state of Rondônia, which showed greater variability in cloud cover and a higher occurrence of less cloudy days.

 







The time series obtained in GEE for Marajó Island and the state of Rondônia allowed the identification of clear seasonal patterns, with a higher incidence of clouds in the summer and lower incidence in the winter (Fig. 3). However, it was not possible to identify any trends just from the generated graphs.

The BFAST package implemented in R performed the decomposition of the time series, which made it possible to identify clearer seasonal patterns and trend breaks. The components generated by the decomposition were the original time series (Yt), the seasonality (St), the trends (Tt), and the residuals (et). Both locations showed very strong seasonal behavior. For the state of Rondônia, no trend breaks were detected, and cloud cover for the period remained stable, without positive or negative trends. Marajó Island also exhibited great stability in cloud cover for most of the period from 2002 to 2024. However, starting in 2021 (Fig. 4 and 5), a trend break was identified, indicating a decrease in cloud cover in the area, similar to the study by Goessling et al. [2]. Nevertheless, further investigations are needed to assess the reliability of the data and the existence of random errors.
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Fig. 4: Time series decomposition (2002–2024) of cloud cover for the state of Rondônia and Marajó Island. Yt is the original time series; St is the seasonal component; Tt is the trend component; et is the residual component.



		Conclusions



The applied methodology shows potential for cloud cover monitoring and time series analysis. The analyses indicate a well-defined seasonality for both areas. The state of Rondônia exhibits stability in cloud cover, while a decrease in cloud cover in Marajó Island is observed starting in 2021. Future investigations should be conducted to assess the reliability of the methodology and the data obtained.
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