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Abstract. Stratocumulus clouds represent one of the key components of the
Earth's radiative balance because it generally reflects incident solar radiation. The aim
of the study is to understand the occurrence and characteristics of stratocumulus clouds
using satellite data collected from Dec 2019 to Feb 2021. A series of macrophysically
and microphysical cloud parameters (cloud cover fraction, cloud types, cloud geometrical
depth, cloud top temperature, cloud top pressure, cloud height, cloud optical depth,
liquid water path) were extracted from the Clouds and the Earth's Radiant Energy
System (CERES) database for a region in south west Bucharest, were the Măgurele
Center for Atmosphere and Radiation Studies (MARS) is located.
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1. INTRODUCTION

Clouds play a major role in the Earth’s radiative balance and provide an
important source of information on the evolution of the weather. Their micro-,
macrophysical and optical properties vary greatly in space and time and detailed
knowledge on these properties and their variations are requested for both modelling
and applicative studies. To obtain quantitative information about the evolution of
clouds in space and time, instruments that can provide high temporal and spatial
resolution data about the vertical structure of clouds are necessary. Observation of
such highly variable phenomena requires the use of both active (e.g., cloud radar)
and passive (e.g., microwave radiometer) remote sensing instruments [1] that can
be used separately or synergistically (e.g., lidar-radar synergy). Therefore, detailed
information on the macrophysical and microphysical evolution of different types of

Article no. 705

G. L. Săftoiu (Golea) et al.

2

clouds can be gathered. Remote observation of clouds on a global and regional scale
can be also done using instruments installed on board of meteorological satellites.
Remote sensing instruments such as radar, lidar, sodar, or microwave radiometer
are used to observed cloud from a local perspective. Using these instruments together
with radiosonde observations and numerical weather prediction models allow a
three-dimensional analysis of atmospheric processes at high spatial and temporal
resolutions. This, in turn, provides practical solutions to issues related to human
activities, both forecasting atmospheric phenomena (e.g., precipitation, storms,
extratropical cyclones) and forecasting the risks that meteorological phenomena
exert on road, sea and air transport [1]. Stratocumulus clouds (from Latin‚ stratus –
layer and cumulus – pile) are low clouds (altitude between 500–2000 m), being
composed of a set of individual convective elements. This type of cloud is one of
the key components of the Earth's radiative balance because it generally reflects the
incident solar radiation determining a cooling effect at the surface of the Earth. The
albedo of stratocumulus clouds depends on both the macroscopic properties of the
clouds (e.g., horizontal extension, depth) and the microphysical properties (e.g.,
total water mass, radius of cloud droplets, distribution of hydrometeors) [2–4].
Construction of databases containing detailed information on cloud properties are
of great importance especially for clouds formed over areas where the air pollution
has increased levels (it is known that anthropogenic aerosol affects the cloud
radiative properties [5–7]).
Clouds and the Earth’s Radiant Energy System (CERES) database
(https://ceres.larc.nasa.gov/data/) provides simultaneous measurements of radiation
and clouds at global scale to be used for improving the knowledge, understanding
and modeling of the interaction between clouds and radiation, both at the surface
and at higher levels of the atmosphere [8]. CERES uses the Visible and Infrared
Scanner (VIRS) from the Tropical Rainfall Measuring Mission (TRMM) and the
Moderate Resolution Imaging Spectroradiometer (MODIS) from the Earth and Earth
missions. Since 2011, the Visible Infrared Imaging Radiometer Suite (VIIRS) aboard
the Suomi-NPP satellite has contributed to the production of higher-resolution
images of the Earth's surface.
There are five CERES instruments on satellites that orbit the Earth and collect
data. CERES is a key component of the Earth Observation System (EOS), the Suomi
National Polar-orbiting Partnership (S-NPP) and the NOAA-20 observatories. The
first CERES instrument was launched in the Tropical Precipitation Measurement
Mission (TRMM) in 1997, and the following were launched on EOS Terra in 1999,
Aqua in 2002, Soumi – NPP in 2011 and most recently on NOAA-20 in 2017 [9, 10].
It has been developed a cloud classification algorithm [11–15] subsequently
implemented within the International Satellite Cloud Climatology Project (ISCCP).
Based on the data on the cloud optical depth and the pressure at the top of the cloud,
they obtained the so-called weather states (WSs). Through a combination of
CloudSat and Cloud – Aerosol data Lidar and Infrared Pathfinder Satellite Observations
(CALIPSO), Tselioudis and Rossow (2013) obtained the vertical distribution of
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clouds in 11 weather states on a global scale, each WS representing a distinct cloud
structure [13].
The aim of article is 1) to develop a database on low clouds, and 2) to study
the frequency of occurrence and their characteristics, in particular of stratocumulus
clouds using remote sensing instruments onboard of meteorological satellites. The
database of stratocumulus clouds will be further use to understand their evolution
and microphysical characteristics using the suite of remote sensing instruments
installed at the Măgurele Center for Atmosphere and Radiation Studies (MARS,
44.35°N, 26.03°E).
The paper is structured as follows: Section 2 describes data and methods
used in the current study, including the cloud classification algorithm, and Section 3
presents and discusses the results. The conclusions are presented in the last section
of the paper.
2. DATA AND METHODS

In this paper, the data provided by the CERES instruments on board the
Terra and Aqua satellites, from December 2019 to February 2021, were used to
study the macro- and microphysical characteristics of clouds, in particular that of
stratocumulus clouds, in the Bucharest-Măgurele area. The data were obtained from
the CERES time database SYN1DEG-1Hour, accessed on March 2nd, 2021 [8].
For the classification of clouds according to altitude (i.e., pressure at the top
of the cloud) a statistical model based on humidity profiles was developed. Each
cloud type was classified as high (high, H), medium (medium, M) or low (low, L),
depending on the pressure at the top of the cloud, using the ISCCP categories.
Therefore, the level of 680 hPa (corresponding to the pressure at the top of the
cloud) separates the low and middle clouds and the level of 440 hPa separates the
middle and high clouds. These two pressure levels, combined with the values of
cloud optical depth separate and classify all cloud types (Rossow et al. 2005;
Rossow and Zhang, 2010), as showed in Fig. 1 [14, 15]. The low clouds (Cumulus,
Stratocumulus and Stratus) correspond to the pressure range 680–1000 hPa and
optical thickness between 0–380. The middle clouds (Altocumulus, Altostratus and
Nimbostratus) correspond to the pressure range 440–680 hPa and optical thickness
between 0–380.
High clouds (Cirrus, Cirrostratus and Deep Convection) correspond to the
pressure range 10–440 hPa and the optical thickness between 0–380. Stratocumulus
clouds correspond to the pressure range 680–1000 hPa and to the optical thickness
between 3.6 and 23.
The data obtained has an overall spatial resolution of 1° × 1°. There are
60 pixels (Fig. 2) for Romania. In each pixel there is information on: cloud cover,
cloud top pressure, cloud top temperature, optical thickness, liquid water path, liquid
particle size [9]. In the current analysis, the pixel whose centre is closest to the
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Măgurele Center for Atmospheric and Radiation Studies (MARS, 44.348°N, 26.029°E,
93 m.a.s.l.) was considered.

Fig. 1 – Classification of clouds according to optical depth and pressure at the top of the cloud.
The number of clouds detected in each category between Dec 2019 and Feb 2021. The data were
obtained from the CERES time database (SYN1DEG-1Hour, accessed on March 2nd, 2021
https://ceres.larc.nasa.gov/data/).

Fig. 2 – Cloud cover fraction from the CERES database on 18 Dec 2020 (01:30 UTC) for Romania.
The location of the Magurele Center for Atmospheric and Radiation Studies (MARS)
is also indicated.
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3. RESULTS AND DISCUSSIONS

The time series for cloud characteristics at MARS contained 10,944 hourly
profiles. Out of the total number of clouds observed between December 2019 and
February 2021, Cumulus clouds were the most frequently detected, followed by
Altocumulus clouds, Cirrus clouds and Stratocumulus clouds (Table 1).
Table 1
Number of cases and frequency of occurrence for different types of clouds using CERES database
extracted for MARS
Cloud type
Stratocumulus
Altocumulus
Altostratus
Cumulus
Stratus
Nimbostratus
Cirrus
Cirrostratus
Deep-Convection
Unclassified
non available
Total

Number of cases
1513
1914
1129
2900
158
145
1862
952
160
50
161
10944

Percentage (%)
13.82
17.48
10.31
26.49
1.443
1.324
17.013
8.698
1.461
0.456
1.471

Stratocumulus clouds represent a higher percentage of the total number of
clouds detected especially in the winter months (Dec 2019–Jan 2020, Nov 2020,
Dec 2020–Feb 2021) (Figs. 3 and 4). This result is in line with the climatology
developed by Hahn and Warren (2007), in which January is indicated as the month
with maximum Stratocumulus cloud cover fraction [3].
The characteristic parameters of the stratocumulus clouds obtained from the
CERES database are described in detail below.
Cloud height. The height of the stratocumulus clouds had lower values in
wintertime (i.e., 1.37 km in winter 2019–2020, 1.55 km in winter 2020–2021) and
higher values in the other seasons with a maximum median value of 2.37 km in
spring 2020) (Fig. 5). This result reflects the higher number of days of winter
instability.
Cloud optical depth. The cloud optical depth (τ) depends directly on the
thickness of the cloud, the liquid or ice water content and the size distribution of
the water droplets or ice crystals. Figure 6 shows that during the study period the
optical depth of Stratocumulus clouds is lower in summer (τ = 5.72) compared to
other seasons when τ > 6. The maximum value τ = 8 is attained in spring 2020.
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Fig. 3 – Frequency of monthly occurrence of different cloud types
between December 2019 and February 2021.

Fig. 4 – Monthly occurrence frequency for stratocumulus clouds for the period December 2019 –
February 2021. The data were obtained from the Terra / Aqua database being selected the region
of Magurele. The percentage is calculated from the total number of cases (1513 cases)
observed during the study period.
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Fig. 5 – Seasonal distribution of cloud top height (km) of stratocumulus clouds. The data were
obtained from the Terra / Aqua database, selecting the Magurele region. For each season the lower
limit of the rectangle represents the 25th percentile and the upper the 75th percentile. The vertical lines
extend from the upper (lower) limit of the rectangle to the highest (smallest) value, but not more than
1.5*(75th percentile – 25th percentile).

Fig. 6 – As in Fig. 5, but for the seasonal distribution of the optical depth
of stratocumulus clouds.

The seasonal distribution of the temperature difference between the cloud
top and the cloud base is opposite to the distribution of the height of the cloud top.
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The temperature difference has a median value of –5.39 °C in spring 2020 and
–3.70 °C in winter 2019–2020 (Fig. 7).

Fig. 7 – Same as in Fig. 5, but for the temperature difference distribution
between the top and the cloud base (°C).

Liquid water path. Liquid water path parameter WP combines the measured
optical cloud thickness with the assumed particle size distribution to calculate the
mass density in the cloud column. Liquid water path (kg·m–2) is defined as:
WP   air rL dz,

(1)

where ρair is the density of moist air, and rL is the mixing ratio of liquid water, and
the integral is considered from bottom to the top of the column. The reported
values assume that the entire cloud layer has the same aqueous phase and particle
size as at the top.
The highest median value of liquid water path (i.e., 61.4 g·m2) was observed
in winter 2020–2021, reflecting the large number of Stratocumulus clouds
observed during this period. The lowest median value for liquid water path was
35.14 g·m2 in summer 2020 (Fig. 8). Figure 9 shows that the radius of the liquid
particles has similar median values (8.67–8.92 μm) during the study period except
for the winter 2020–2021, when the median value of the radius had the maximum
value of 9.69 μm.
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Fig. 8 – Same as in Fig. 5, but for the distribution of liquid water path (g·m–2).

Fig. 9 – Same as Fig. 5, but for the distribution by liquid particle size (μm).

Geometric thickness. The optical and microphysical properties of clouds can
be used to calculate the geometric thickness (∆Z) of low clouds (e.g., stratocumulus).
Bendix et al. (2005) [14] showed that ∆Z can be calculated using the relationship
Z 

LWP


LWC  ext

(2)
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where LWC is liquid water content (g·m–3), τ is the optical depth, and βext is the
extinction coefficient (m–1) [16]. A number of empirical relationships have also been
proposed depending on the availability of data. Minnis et al. (1992) [17] proposed
the following relation for marine stratocumulus clouds in California:
ΔZ = – 45.6 + 84.3τ0.5.

(3)

Heidinger and Stephens (2000) [18] proposed a modified version of the equation
of Minnis et al. (1992) [17]. Using the hypothesis that LWP is a product of adiabatic
processes, Brenguier et al. (2000) [19] proposed the following relationship:

Z 

LWP
0.5Cw

(4)

where Cw is the wet adiabatic condensation coefficient (g·m–4). The coefficient Cw
depends on temperature, ranging from 1 × 10–3 g·m–4 to 2.5 × 10–3 g·m–4 when
temperature varies between 0 and 40°C (Brenguier, 1991) [20]. The distribution of
stratocumulus cloud depth using the relationship proposed by Brenguier et al.
(2000) and considering Cw = 1.75 × 10–3 g·m–4 [19] is represented in Fig. 9.

Fig. 10 – Same as in Fig. 5, but for the geometric thickness distribution of the clouds.

Figure 10 shows that the median values for the geometric thickness of
stratocumulus clouds at MARS vary between 141.7 m (Summer, 2020) and 187.3 m
(Winter 2020–2021). These values are comparable to those summarized by Wood
(2012) [21].
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4. CONCLUSIONS

The macro- and microphysical parameters determined in present research
help us to better understand these low clouds, dominant on the globe by the area of
coverage and with such great importance in the radiative balance of the Earth.
The main conclusions of this study are as follows:
 Stratocumulus clouds had higher frequency in winter and lower in
summer;
 The height of the cloud top had lower values in winter and higher values
in the other seasons, with the maximum median value in spring;
 The optical depth of the Stratocumulus clouds was lower during the
summer, compared to the other seasons, having the maximum in spring;
 The distribution of the difference between the temperature at the top of
the cloud and that at the base of the cloud is opposite to the distribution of
the height of the cloud top;
 LWP had the highest median value in winter, which corresponds to the
highest number of Stratocumulus cloud observations during this period;
 The radius of the liquid particles had similar median values during the
study period, with one exception, in winter, when the median value of the
radius had the maximum value;
 The geometric thickness of Stratocumulus clouds varied between 141.7 m
in summer (thinner clouds) and 187.3 m in winter (thicker clouds).
The cloud database developed in this article can be further used for detailed
studies regarding, for example, the cloud thermodynamics. In the near future, each
of identified stratocumulus clouds will be analyzed using cloud radar to obtain
supplementary information about cloud structure (i.e., reflectivity, Doppler speeds),
using microwave radiometer to obtain liquid water path, temperature and humidity
profiles, using wind Doppler lidar to determine the scattering coefficient and radial
velocity, and using ceilometer to obtain information about the cloud base. The greater
the complexity of the database, the larger the area of further researches using
parameters included in the database.
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