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Remote sensing of clouds is a subject of intensive study in modern atmospheric remote sensing.
Cloud systems are important in weather, hydrological, and climate research, as well as in practical
applications. Because they affect water transport and precipitation, clouds play an integral role in
the Earth’s hydrological cycle. Moreover, they impact the Earth’s energy budget by interacting with
incoming shortwave radiation and outgoing longwave radiation. Clouds can markedly affect the
radiation budget, both in the solar and thermal spectral ranges, thereby playing a fundamental role
in the Earth’s climatic state and affecting climate forcing. Global changes in surface temperature
are highly sensitive to the amounts and types of clouds. Hence, it is not surprising that the largest
uncertainty in model estimates of global warming is due to clouds. Their properties can change over
time, leading to a planetary energy imbalance and effects on a global scale. Optical and thermal infrared
remote sensing of clouds is a mature research field with a long history, and significant progress has
been achieved using both ground-based and satellite instrumentation in the retrieval of microphysical
cloud parameters.

This Special Issue (SI) presents recent results in ground-based and satellite remote sensing
of clouds, including innovative applications for meteorology and atmospheric physics, as well as
the validation of retrievals based on independent measurements. The aim of this SI is to provide
an overview of recent scientific and technological advances in the field of cloud remote sensing.
In particular, the papers published in this SI focus on (i) new methodologies for cloud detection and
classification [1–5], (ii) the retrieval of optical [6] and micro- [7–9] and macro-physical [10] cloud
parameters, (iii) the prediction of hazards [11,12], and (iv) the study of mesoscale convective systems
and precipitation [13,14].

The papers that discuss new methods for cloud detection and classification constitute an enormous
contribution to improving this important aspect of this research area, and they cover a wide range of
approaches using several instruments, ranging from ground-based [2,4] to satellite [1,5] and airborne [3]
approaches. In 2016, the authors of [2] used cloud radar to observe clouds and precipitation in China,
and an algorithm for the quality control of Doppler spectral density data was developed by exploiting
the different radar operating modes. The recalculated moments of the Doppler spectra were of
better quality than those merged from raw data. Taking a different approach, the authors of [4] used
all-sky imaging, and their work was focused on the assessment of a modified k-means++ color-based
segmentation algorithm, which was specifically adjusted to the WILLIAM (WIde-field aLL-sky Image
Analyzing Monitoring system) ground-based remote all-sky imaging system for cloud detection.
The authors of [1] developed a cloud detection method by exploiting the advantages of the GaoFen4
geostationary satellite. Specifically, the algorithm was based on the spatial and spectral uniformity of
clouds and primarily targeted situations that feature a variety of underlying surfaces, such as coastal
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regions, which represents a major challenge in cloud detection. The authors of [5] implemented an
unsupervised k-means/k-means++ clustering algorithm on daily images of standardized anomalies
of brightness temperature (Tb) derived from the Geostationary Operational Environmental Satellite
(GOES)-13 infrared data acquired from 1 December 2010 to 30 November 2016. Each Tb image was
separated into four clusters to capture the characteristics of different cloud regimes.

The second group of papers published in this Special Issue, as mentioned above, primarily
target the retrieval of crucial cloud parameters. The authors of [6] performed a study on black-sky
cloud albedo, which was obtained from UV (340 nm) observations from NOAA and NASA satellites.
The aim was to infer long-term (1980–2018) shortwave cloud albedo variations induced by volcano
eruptions, the El Niño–Southern Oscillation, and decadal warming. No long-term trend was evident
after 1980, but the study highlights statistically significant reductions over the North Atlantic and over
the marine stratocumulus decks off the coast of California; additionally, an increase in cloud albedo
was found in Southeast Asia and over cloud decks off the coast of South America. Combining different
data sources is a key element in the remote sensing of clouds and the retrieval of cloud parameters.
The authors of [7] used a ground-based infrared cloud measuring instrument with a ceilometer to
perform retrievals of cloud effective emissivity. Through an inversion procedure, the authors found
that the uncertainty of the derived effective emissivity was largely associated with errors in the
radiance measurement and the simulated radiance of clear sky and blackbody cloudy sky. The results
are in good agreement with MODIS/AQUA MYD06 Collection 6 (C6) cloud products. The authors
of [8], similarly to those of [2], used ground-based radar measurements to estimate raindrop size
distribution (DSD) and liquid water content. Comparing the measurements with in situ airplane
observations revealed an overall agreement. The authors of [9] performed an analysis based on lidar
measurements and focused on the observation of falling mixed-phase virga from a thin supercooled
liquid layer cloud base. The diameters of the ice crystals in the virga were estimated using an ice
particle sublimation model along with lidar and radiosonde observations. The results indicated that
the ice crystal particles in these virgae tended to have smaller mean diameters and narrower size
distributions with increasing altitude. Another work [10] was also focused on the retrieval of cloud
properties, particularly optical and geometrical properties, such as the optical thickness of clouds.
This study showed that the mean extinction coefficient of cirrus clouds increased with temperature.
Conversely, the measurements indicated that the linear particle depolarization ratio decreased with
increasing temperature, as determined from lidar and radiosonde measurements.

Importantly, this Special Issue also includes works that focus on the prediction of severe rainfall
events. The authors of [11] investigated the potential use of several predictors of convective initiation
based on infrared satellite observations. They used MSG-SEVIRI Rapid Scan to distinguish convective
weak precipitation events from those leading to intense rainfall. The authors of [12] detected
atmospheric aviation hazards using multispectral (two channels or more) infrared imaging from an
aircraft perspective. Their results show that it is possible to use this information to provide tactical
awareness tools for aviators.

Finally, the last two works also focus on precipitation but address mesoscale events and their
lifecycle [13] and warm clouds [14]. The analysis in [13] was conducted through a combination of a
geostationary satellite (Himawari), ground-based radar, and gauge measurements, while the authors
of [14] used cloud radar, a disdrometer, and a ceilometer. The integration of different instruments
allowed the authors to exploit the advantages of each one in order to investigate the vertical structure
and diurnal variation of clouds and precipitation, as well as the raindrop size distribution.

The published papers discussed above cover a wide range of topics involving several characteristics
and variables, thereby representing a large and complete set of methodologies based on various
instruments. The different approaches presented in these papers (ground and satellite measurements,
as well as measurements in different spectral regions) reflect the substantial interest in this topic
and demonstrate how each work increases the current knowledge about cloud formation, detection,
and microphysics. Many measurement systems have been designed for specific applications and
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thus have limitations, including range, coverage, resolution, precision, and continuity. A synergistic
approach that uses ground-based and satellite measurements, aided by numerical modeling, appears
to be a promising avenue to further improve cloud knowledge.
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