Journal of Environmental Science and Engineering A 6 (2017) 431-438
doi:10.17265/2162-5298/2017.09.001

~PUBLISHING

Long-term Observation of Nighttime Clouds over Sao
Joao do Cariri (7.4° S, 36.5° W)

Joyrles Fernandes de Moraes, Igo Paulino, Edyvania Emily Pereira Martins, Amauri Fragoso de Medeiros, Ana
Roberta Paulino and Ricardo Arlen Buriti
Department of Physics, Federal University of Campina Grande (UFCG), Campina Grande 58429-900, Brazil

Abstract: Using images collected by an all sky imager deployed in Sdo Jodo do Cariri (7.4° S, 36.5° W) from September 2000 to
November 2010, the nighttime incidence of clouds has been observed and studied. Most of the nighttime cloudy occurred from
February to July, which is related to the rainy season in the area of the observatory. The best period to run optical observations over
Sdo Jodo do Cariri starts in the early night up to 22:00 LT (Local Time) throughout the period between August and December. An
anti-correlation between the F10.7 cm solar flux index and the number of cloudy nights was observed, which is an evidence of the
cosmic rays activity in the lower earth’s atmosphere. The location of the all-sky imager provides reliable optical observations all year
through.
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1. Introduction latent heat is released, clouds may act as a cooling

) o agent depending on the water’s phase transition. In
Energy from the sun in the form of radiation is . .
s general, the circulation of the atmosphere and the
fundamental for the earth’s climate system [1]. The ) . o
o . ) increase of the diffuse radiation are affected by the
radiation from the sun ultimately provides the only .
, clouds [12-23]. The importance of cloud has also been
energy source for the earth’s atmosphere and changes ) ] , .
] o ] studied and cirrus clouds’ role in the budget
in solar activity clearly have the potential to affect L i
) ) atmosphere radiation. Other studies focus on the
climate. There are numerous arguments suggesting . . . .
o ) ) decisive role of clouds in the Arctic region [24, 25].
that solar variability affects the global climate in . T .
] ) . The understanding of cloud behavior in a specific
different aspects and on different time [2-6]. An . . L .
) ) ] ] region may contribute to the scientific community
important factor affecting the terrestrial environment . . .
) ) o presenting the relationship among weather factors,
is the flux of cosmic rays permanently impinging on L .
. . , precipitation, solar radiation and earth’s energy
the cloud formation, and consequently, in earth’s

climate [7-11].
The presence of clouds can also interfere in the

balance. Furthermore, the cover of clouds is very
important to preparation and implementation of

aeronomic and astronomic experiments, since the
weather system around the world, for example, clouds ] . ) ) o
] . o clouds interfere in optical observations. In addition to
are important in the determination of the energy and . L
) , ) that, since the clouds are related to the precipitation,
heating on the earth’s surface since they can reflect . . . o
o o they have direct impact in all human activities for a
the solar radiation maintaining the planet warm. i )
) given region.
Otherwise, the absence of clouds makes the ) ) o ) .
. Satellites bring a significant advance in relative
atmosphere cold. In the midst of the water cycle, when . } i .
cloud cover information, but satellite retrievals have

known weaknesses in quantifying small and/or low
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radiances [26]. The satellites are more efficient when
they are used together with ground techniques. Hence,
researchers have used ground-based imaging devices
to study clouds property, and developed techniques
for automatic detection from comparison with other
instruments, because it is efficient for local cloud
cover detection [27-36].

In this paper, characteristics of the cover of clouds
in Sdo Jodo do Cariri (7.4° S, 36.5° W) were studied
using an all-sky imager. The main goal of this work is
to contribute to the understanding of cloudy during
nighttime and to enhance to the comprehension of the
probable relationship between sun and earth’s climate
in that region. The observatory is located in the
northeast of Brazil, which is one of the driest regions,
having long periods of drought and short rainy season

period.
2. Instrumentation and Methodology

The data used in this work were collected daily by a
high-resolution all-sky imager that has been operated
in Sdo Jodo do Cariri (7.4° S, 36.5° W). The all-sky
imager is an optical instrument designed with a fish
eye lens, a CCD (Coupled-Charge Device) camera, an
optical system, an interference filter wheel, a
refrigeration system and a microcomputer. The CCD
camera consists of a large area (6.45 cm?), high
resolution and 1,024 x 1,024 back illuminated array
with a pixel with quantization of 14 bits. The high
quantum efficiency, low dark noise level, low readout

noise and high linearity of this device made it possible

to achieve quantitative measures of the airglow, for
example, NIR OH, OI 557.7 nm (OI5577), 01630.0
nm (016300), O,, 01777, 4 nm (OI7774) and NaD
which are localized in different wavelengths [37-39].
Factors as precipitation (cloudy nights), the presence
of the moon and the surrounding lights interfere in the
measurements of aeronomic events.

Images from September 2000 to November 2010 of
nighttime airglow were used in this paper. The images
were collected by an all-sky imager every night,
however sometimes it is not possible to observe
images every night, i.e, nights or even months of
observation can be lost. After analyzing the images, it
was identified the presence of clouds in 1,210 nights.
The period of occurrence of clouds was defined as the
interval between the time of appearance beginning of
clouds in this images (as illustrated in Fig. 1 on the left
side) and the time in which the clouds leave the
images and the sky become clear as shown in Fig. 1
(on the right side).

From the observed images, it was calculated the
duration of the cloudy period and the start time of
occurrence of the clouds. Whenever the duration of
the cloudy period was greater than 6 hours, the night
was assumed to be completely cloudy night.

3. Results

Fig. 2 shows the number of nights per month that
had completely cloudy nights during the period of
observation i.e, the period that clouds appeared was
greater than 6 hours. The values over the bars in Fig. 2

P S

Fig.1 Example of the airglow images for a cloudy night (on the left side) and a clear night (on the right side).
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Fig. 2 Histogram for the observed completely cloudy nights along the year; On the top of each bar, one can see the ratio
between the completely cloudy nights and the total observed nights.

are the ratios between the quantity of completely
cloudy nights and the total number of observation
nights in a given month. Note that there are months
with a greater number of observations (October for
instance) comparing to other months with less
observed nights (January for instance).

One can observe in Fig. 2 that the number of
completely cloudy nights over Sao Jodo do Cariri was
larger in February and extended to the middle of the
winter. April was, by far, the month with the largest
number of completely cloudy nights. From August to
January, the number of the cloudy nights was reduced,
together with a reduction in the ratio of cloudy nights
to observed nights, except in October.

Fig. 3 shows a three dimensional histogram for the
occurrence of cloudy nights from September 2000 to
November 2010. One can observe that the number of
cloudy nights is a function of year and the local time.
In this image, it was also possible to observe nights
with period of occurrence less than 6 hours. Blank
space represents that there is no observation or
information about it. Fig. 3 shows that the clouds
appear more frequently closer to the dawn. The largest

occurrence of clouds was registered from 23:00 to
04:00 LT (Local Time) and it was more evident in
2005-2006 and 2008-2009. From the beginning of the
night up to 22:00 LT, there was few occurrence of
clouds.

From the present dataset, it was possible to make
the histogram shown in Fig. 4. One can see the
number of nights completely cloudy against the year,
from 2000 to 2010. Again, on the top of the bars are
shown the ratio of cloudy nights to the total of
observed nights.

The ratios in Fig. 4 have, practically, the same
shape of the bars, which reveal that the cover of
clouds in Sdo Jodo do Cariri increased significantly
along the observed years. Furthermore, there is an
anti-correlation between the cloudy nights over Sao
Jodo do Cariri and the solar flux at F10.7 cm
(overplotted chart in Fig. 4). The solar flux at 10.7 cm
is one of the most used indexes to measure the solar
activity. Note that the solar activity decreased in 2002
and reached the lower values between 2008 and 2010.
In contrast, the number of cloudy nights was larger
during this period of minimum solar activity.
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Fig. 3 Three dimensional histogram for the appearance of clouds over Sio Jodo do Cariri as a function of the local time (y
axis) and years (x axis).
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Fig. 4 Histogram for completely cloudy nights as a function of the years; The solar flux at 10.7 cm was overplotted; On the
top of each bar, one can see the ratio between the cloudy nights and the total observed nights.
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4. Discussion and Conclusions

The occurrence of cloudy nights is not necessarily
related to precipitation. However, it reveals a relevant
insight about the rainy period of a given region, since
without clouds, the precipitation does not occur.
Moreover, the occurrence of precipitation depends on
the types of clouds and the atmosphere instability, i.e.,
convective clouds are necessary to rainfall.

The most accepted mechanism to explain the
precipitation in the northeast of Brazil is the ITCZ
(Inter-Tropical Convergence Zone) [40, 41]. The
ITCZ reaches the most southern points around the
autumn of the southern hemisphere and it is the
responsible by the rainy season to be more pronounced
in the first trimester of the year [42]. The results
shown in Fig. 2 are in agreement, i.e., the period of
year that has a greater number of completely cloudy
nights is comprised between February and April, with
a decrease of the cloudy nights in May. The precipitation
in Paraiba state (northeast of Brazil) may be also
associated with others meteorological phenomema as
the vortices of high levels, easterly waves systems,
instability lines, land and sea breezes, cloud cover,
local orographic effects, mesoscale convective system
and the ENSO (El Nifio Southern Oscillation) [43].

The El Nifio occurs due to the temperature
anomalies of the sea in the Pacific Ocean, which
produces large-scale anomaly in the circulation of the
atmosphere [43]. However, the presence of El Nifios
was registered only in 2002 and 2003. On the other
hand, La Nifias are the opposite of El Nifios, i.e., they
are responsible for the strong rainfall in Brazilian
northeast. A strong La Nifia was reported, from 2007
to 2008, and it coincided with the period with many
cloudy nights observed in this work. This occurs
because the El Nifio changes the ITCZ position, which
controls the rain distribution in Brazilian northeast
[44].

An anti-correlation between the cloudy nights and
solar activity was clearly in Fig. 4 with a minimum

CCC (Cross Correlate Coefficient) of -0.89 using a lag
of 0, ie., the occurrence of cloudy nights was
completely out of phase compared to the solar
activity.

The anti-correlation between the solar activity and
cover of clouds has been explained by using
parameters of the cosmic rays. This anti-correlation
has been also observed in the present work [45]. The
cosmic rays decrease with increasing solar activity.
The configuration of the interplanetary magnetic field
deflects the entrance of cosmic radiation that transits
in the sphere of influence controlled by the Sun.
During periods of high solar activity, fewer cosmic
rays are detected on the earth’s surface. A shower of
energetic particles from the cosmic rays may cause
ionization, resulting in an increase in cloud
condensation nuclei. During the periods of low solar
activity, a great amount of cosmic ray flux is observed
on the earth’s surface and, consequently, there is an
increase in the formation of clouds [46].

Explosive events on the sun provide a sudden
reduction, over hours to days, in the influx of GCRs
(Galactic Cosmic Rays), first noticed by Forbush, S. E.
[47] in 1937. This reduction is now known as FD
(Forbush Decrease), which is a consequence of
heliospheric storms and very often observed
simultaneously with a geomagnetic storm. All these
three kinds of perturbations: in the solar wind, in the
magnetosphere and on the flux of cosmic rays are
closely interrelated and caused by the same active
processes on the sun [48-51].

The daily parameters
(preceding and during FD) between 1987 and 2005
demonstrate the whole chain from solar activity to

cloud formation [52]. The data gathered by the author

averages of climate

presents a clear response to the decrease in cosmic
ray’s flux: the density of aerosols in the atmosphere
and the liquid water to cloud fraction both are reduced
following strong FD, also demonstrated in
experiments [53, 54]. The ionization is also important

for aerosol production and growth in the troposphere,
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which leads to stable clouds formation [55]. The data
presented in this article is in agreement with such
hypothesis of direct link between solar activity and
cloud formation.

Observations made by an airglow imager deployed
in S30 Jodo do Cariri from September 2000 to
November 2010 allowed to observe clouds and study
their characteristics, as the duration, seasonality and
their relation to the solar activity. The main
conclusions from those observations are summarized
as:

The months with the largest number of cloudy
nights are comprised between February and July,
whereas the cloudy nights from February to April are
directly associated to the rainy season, caused
primarily due to the dynamics of the ITCZ;

The best period to do either astronomic or
aeronomic observations (i.e., more likely cloudless
nights) in Sdo Jodo do Cariri starts in the early
evening up to 22:00 LT during the second semester of
the year. In general, there were few nights completely
cloudy along the year because Sdo Jodo do Cariri is
located in one of the driest regions of Brazil. Thus, the
airglow observation at this site is always possible;

The number of cloudy nights over Sdo Jodo do
Cariri was inversely proportional to solar activity.
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