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Abstract. The effects of climate change can be perceived in several ways, including the
cloud-albedo relationship, along with the effects of aerosol and temperature. Satellites are a
widely used tool to perform this type of assessment. The European Space Agency and the Japan
Aerospace Exploration Agency joined forces to launch an innovative satellite, the Earth Cloud,
Aerosol and Radiation Explorer (EarthCARE). Equipped with state-of-the-art tools to measure
the relationships between clouds, albedo, temperature and aerosol. An assessment of its
usability to understand the cloud-albedo relationship was made by collecting articles that use
albedo, cloud, aerosol and temperature data, and comparing the specificity of each satellite and
mission most used in this field. Of the articles collected, 37 were analyzed, indicating that the
most used data were those related to reflection, properties and cloud cover, followed by
characteristics and presence of aerosol. The most common satellites and missions used as data
sources were MODIS, CERES and AVHRR, which were capable of measuring all the necessary
climate spectra. The articles tended to have low temperature assessments, with a tendency to be
able to assess clouds. The data were condensed, which caused a lack of specificity, but allowed
for a better understanding of the data. The comparison of tools from the most cited data sources
showed that EarthCare has better resolution and can play an important role for finer analyses.
The survey showed that EarthCare has the necessary tools to study the cloud-albedo
relationship, and can play an important role for future analyses.
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1. Introduction

Global climate change has its effects perceived in
several ways, including changes in temperature, in
addition to these anthropogenic effects, changes in
the composition of aerosols and the atmosphere as a
whole [1]. Aerosols have a direct impact on cloud
formation, as well as on the albedo rate of the
atmosphere, directly, through their own reflection,
and indirectly, through reflection from clouds [2]. It
is known that clouds have the capacity to reflect part
of the solar rays that enter the atmosphere [3], thus
being able to cool regions with greater cloud cover.

Analysis made using satellite data is widely used to
assess climate conditions, and can evaluate a wide
range of data, such as: temperature, atmospheric
components, cloud cover, glacier displacement, etc.
It has been used for over 40 years and is a
traditional method of obtaining data to analyze the
climate [4]. To process satellite data, various

programs and software are used to condense and
interpret this information.

In order to better understand the impacts of
aerosols on clouds, the European Space Agency
(ESA) and the Japan Aerospace Exploration Agency
(JAXA) have joined forces to build the Earth Cloud,
Aerosol and Radiation Explorer (EarthCARE)
satellite. Launched on May 28, 2024, it is the largest
and most complex satellite in the Earth Explorer line
launched to date [5]. Equipped with four
instruments: Atmospheric LIDAR (ATLID), Cloud
Proliferation Radar (CPR), Multi-Spectral Imager
(MSI) and Broadband Radiometer (BBR) [6].
Capable of globally assessing characteristics of
clouds, aerosols, humidity, albedo and heat. The
EarthCARE mission will measure: “vertically
resolved profiles of clouds, aerosols and
precipitation at the satellite nadir track; 3D
cloud-aerosol scenes extending across track; and
co-located solar and thermal broadband radiances
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and fluxes”. The aim is to understand the radiative
impact of clouds and aerosols in a warming climate

[7].

Even though the data collected by EarthCare is
intended to directly analyze the impact of clouds
and aerosols on climate, its applicability in
cloud-albedo assessment needs to be evaluated,
other more popular data sources promote a
comparison of this applicability.

The present study aimed to evaluate the usability of
the data obtained by the EarthCARE mission for
cloud-albedo analysis. Understanding the data
popularly required for this analysis, and where this
data usually comes from.

2. Research Methods

To assess the applicability of the data obtained by
EarthCARE, a bibliographic survey was conducted
for articles that performed analyses with cloud and
albedo. Using the Google Scholar search platform,
the search was filtered using the terms:
“clouds*cloud, temperature, aerosol,
Albedo+satellite”. The selected articles were
evaluated according to what type of data was
collected and used in the cloud-albedo relation and
where the data was obtained from.

For a better understanding, the types of data were
condensed into eight categories: surface
temperature (ST), atmospheric temperature (AT),
cloud reflection (CR), surface reflection (SR), aerosol
characteristics (AC), aerosol presence (AP), cloud
cover (CC) and cloud properties (CP). All
temperature data that specified being from a surface
were condensed into ST, specific to the top of the
atmosphere were condensed into AT. Measured
reflections that were not specific to the surface or
cloud were not counted. Articles that commented on
aerosol and cloud properties, characteristics, and
conditions were condensed into AC and CP. Aerosol
and cloud data that cited their presence were
condensed into AP and CC.

The origin of the data used in the articles considered
projects, satellites, specific tools, and other forms
cited by the articles themselves to refer to the data
source. Each cited data source was divided into the
type of data they have the potential to measure, in
the following categories: temperature, aerosol,
cloud, and albedo. Generalizing all measurements
that involved the types of data cited, data that did
not fit into any category were classified as other. The
scope of each source was compared with the types
of data that the EarthCARE satellite is capable of
measuring. The three most used data sources had
the specificities of their tools compared with those
of EarthCARE.

3. Results

The literature review selected 37 articles, with
publication dates from 1995 to 2019, all of which in
some way used satellite data to assess clouds,

albedo and/or aerosol.

The most common types of data were cloud
reflection and cloud properties, both measured in
62.16% of the articles each. Cloud cover was
measured in 43.24% and aerosol composition in
40.54% of the articles (Figure. 1).
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Fig. 1 - Type of data collected; Cloud Reflection (CR),
Cloud Propriety (CP), Cloud Cover (CC), Aerosol
Characteristics (AC), Aerosol Presence (AP), Surface
Temperature (ST), Surface Reflection (SR) and
Atmospheric Temperature (AT).

All articles had at least two types of data evaluated,
and a maximum of 5 different types of data
evaluated.

The data came from 18 different sources cited by the
authors. The most used was MODIS in 51.35%,
followed by CERES in 32.43%, AVHRR in 18.91%,
CALIPSO in 16.21% and CloudSat in 13.51% of the
articles (Figure. 2).
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Fig. 2 - In the left the cited source of the data according
to the articles. In the button the amount of articles



where this data source was cited.

The EarthCare mission has the capability to evaluate
clouds, albedo, aerosol and temperature. Comparing
the data types capable of evaluating it, it is similar in
functionality to the data types of MODIS and CERES,
and also to AVHRR only not evaluating aerosol
(Table 1).

Tab. 1 - Type of data from each source

Source Temperatu Albe Clou Aeros  Othe Usag
re do d ol rs e
EarthCARE X X X X X
MODIS X X X X X 19
CERES X X X X 12
AVHRR X X X X 7
CALIPSO X X 6
CloudSat X X 5
Meteosat X X X 2
AERONET X X X 2
ERBE X 1
AMSR-E X X 1
OMI X X 1
MISR X X 1
Isccp X X 1
TRMM X 1
ADEOS X X 1
SHEBA X X X X 1
GLAS X X X 1
ECWF X X X 1
SRB X X X 1

Some articles used more than one data source, in
order to complement the missing data types,
increase the data obtained or compare them.

As MODIS, CERES and AVHRR were the most cited in
the articles, the specificities of the tools were
compared. While EarthCare has four different tools
to analyze different aspects of the atmosphere,
MODIS and CERES are instruments of the TERRA
satellite, promoting specific analyses of several
atmospheric characteristics. AVHRR is a scanning
system that, like MODIS, uses a spectroradiometer
that analyzes some atmospheric characteristics.

In a quality comparison, all the data sources cited
are limited to a resolution of 1 km, while EarthCARE
has a resolution of 300 m to 1 km depending on the
instrument. EarthCARE has tools such as LIDAR and
high-performance radars, in addition to offering
Doppler capability. MODIS has sensitivity to fires
and the ability to measure botanical data. CERES
offers analyses related to the cloud-albedo
relationship and other meteorological
measurements. And the AVHRR has no specificity,
analyzing different characteristics in general.

4. Discussion

The literature review helped to better understand
the types of data used in similar studies. The lack of
restriction on the period of the article allowed us to
have a general idea of all the use, but ended up
excluding more recent articles.

As expected, cloud reflection, cloud properties and
cloud cover were the most evaluated data types,
followed by composition and aerosol presence. This
is easily explained by the large number of data
sources capable of evaluating them.

However, temperature is rarely evaluated and there
are few data sources capable of evaluating it. Even
so, MODIS, CERES and AVHRR, being the most used
data sources, have the capacity to evaluate
temperature. This indicates that there is no need to
evaluate temperature in the articles surveyed.

The condensation of the data types certainly
obscures the specific use of each data, but it helps to
understand them. Data on cloud properties ranged
from size and shape to formation conditions and
depth. This could make the evaluation of the data
type more refined, but it makes it difficult to find a
common trend.

The greater use of data from sources such as MODIS
and CERES can be explained by the scope of
information they collect and their time of activity.
This contrasts with more specific data sources
and/or those that had a shorter collection time. The
greater use of AVHRR must be caused by the
non-specificity of its data and its daily monitoring of
the same points.

The comparison with EarthCare, although indicating
that it may be useful for evaluating the same types of
data that other popular sources use, did not evaluate
the quality of the data from these sources. Even
though their general data quality has been
confirmed, and the mission has been evaluated as an
evolution of CloudSat, CALIPSO, MODIS and CERES

[8].

The specificity of the tools was difficult to compare,
since they do not have easily accessible information
on their more specific characteristics. Even so, it is
expected that EarthCARE, as a newer mission, will
have better measurement equipment. Which in the
long term may outperform other data sources.

5. Conclusions

EarthCare has the necessary tools to assess the
albedo-cloud relationship, and can be as useful as
widely used data sources such as MODIS, CERES and
AVHRR. The innovation of its tools and the higher
resolution can be differentiating factors for refined
analyses. There is a high chance that the data
obtained in this mission will be used in future
studies in this area.

The launch of EarthCARE becomes yet another
source of data of high interest for climate studies.
Replacing, with new analysis techniques, old but
popular data obtained from climate monitoring



satellites.
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