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One important of satellite remote sensing is the count of cloudy days of a
particular region. Cloud cover hampers radiation received from the sun
therefore controls LST (land surface, SST (Sea Surface Temperature)
accordingly humidity, evaporation, agriculture, aquaculture, tourism, and
other human activities.

Present work investigated long term cloud cover of the Black Sea using high
resolution 6927 daily and 207 monthly composite AVHRR satellite data from
March 1993 to December 2012. The results could give a clue for regional and
global climate change to take an action for the feature. Results mapped
potential availability of obtaining cloud free images for use of other
disciplines.

The results were discussed as well as the geographical planetary factors that
determine the climate of the Black Sea basin and in the context of global
climate change. The results obtained also for other disciplines (climate,
meteorology, oceanography, hydrography, biology, environmental science,
agriculture, tourism, such as Industry) will create a data source. SST patterns
also revealed oceanographic events which was studied in earlier work too.

Key words: Black Sea; AVHRR; Cloud cover, SST; Remote Sensing, Global
Warming

1. Introduction

The Black Sea is a sea in Southeastern Europe. It is bounded by Europe, Anatolia and the Caucasus,
and drains through the Mediterranean into the Atlantic Ocean, via the Aegean Seas and various straits.
The Bosphorus Strait connects it to the Sea of Marmara, and the Strait of the Dardanelles connects that
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sea to the Aegean Sea region of the Mediterranean. These waters separate Eastern Europe and western
Asia. The Black Sea is also connected to the Sea of Azov by the Strait of Kerch.

The Black Sea has an area of 436,400 km2 (not including the Sea of Azov) [1], a maximum depth
of 2,212 m[2], and a volume of 547,000 km3][3] The Black Sea forms in an east-west trending elliptical
depression which lies between Bulgaria, Georgia, Romania, Russia, Turkey, and Ukraine[4]. It is
constrained by the Pontic Mountains to the south and by the Caucasus Mountains to the east, and features
a wide shelf to the northwest. The longest east-west extent is about 1,175 km.

The Black Sea has a positive water balance; that is, a net outflow of water 300 km3 per year through
the Bosphorus and the Dardanelles into the Aegean Sea. Mediterranean water flows into the Black Sea
as part of a two-way hydrological exchange. The Black Sea outflow is cooler and less saline, and floats
over the warm, more saline Mediterranean inflow — as a result of differences in density caused by
differences in salinity — leading to a significant anoxic layer well below the surface waters. The Black
Sea also receives river water from large Eurasian fluvial systems to the north of the Sea, of which the
Don, Dnieper and Danube are the most significant.

2. Materials and Methods

2.1. Cloud Cover

When the world’s first satellite pictures of the atmosphere were viewed, the most striking feature
was the extensive cloud cover over large parts of the Earth. Even today, the first feature that is usually
noticed in a meso-scale satellite image is the clouds.

Typically 50 percent of the Earth’s surface is covered by cloud at any time [5]. Clouds seen on a
satellite image are of course of great importance from the meteorological point of view. However, in
studying the surface of the Earth, the necessary information in that case can only be obtained if the path
of the electromagnetic radiation, which is the carrier of the information between the satellite and the
surface of the Earth, is free from any obstacle, which in this case is the cloud field.

Clouds have a severe effect on the infrared and visible radiation that is received by satellite.
Clouds have to be removed from the satellite imagery if the Earth’s surface is going to be observed using
optical remote sensing techniques. For example, the effect of clouds on the average SST received by
satellite can be seen in Fig.1.
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Figure 1. Effect of clouds partially filling the nadir field of view in the 10.5-12.5um region.
Calculations are for the VHRR (Maul, 1985).

2.2. Sea Surface Temperature

One of the most useful data sets offered by remote sensing of oceans is SST, SST is defined as
the water temperature close to the ocean's surface about 201 1m [6]. Thermal IR sensors on environmental
satellites can be used to measure the temperature across large expenses of the ocean surface[7]. Satellite
data has many important applications, such as ship routing and fisheries (Brown et al., 1993), the
detection and monitoring of ocean currents [7-13], water fronts, eddies and rings[14-22], shallow sea
fronts[23], upwelling zones[24], sea ice cover[25-27,] ice movement [28,29], polar meteorology [30-
33], flood monitoring [34-36] and current vectors [37-40]

SST affects the behavior of the Earth's atmosphere above, so their initialization into atmospheric

models is important. While sea surface temperature is important for tropical cyclogenesis, it is also
important in determining the formation of sea fog and sea breezes[41]. Heat from underlying warmer
waters can significantly modify an air mass over distances as short as 35 kilometers to 40 kilometers[42].
For example, southwest of Northern Hemisphere extra tropical cyclones, curved cyclonic flow bringing
cold air across relatively warm water bodies can lead to narrow lake-effect snow (or sea effect) bands.
Those bands bring strong localized precipitation, often in the form of snow, since large water bodies
such as lakes efficiently store heat that results in significant temperature differences—Ilarger than 13 °C
between the water surface and the air above[43,44]. Because of this temperature difference, warmth and
moisture are transported upward, condensing into vertically oriented clouds which produce snow
showers. The temperature decrease with height and cloud depth are directly affected by both the water
temperature and the large-scale environment. The stronger the temperature decrease with height, the
taller the clouds get, and the greater the precipitation rate becomes[45,46].
Black Sea was studied as it has a large influence on regional global climate and weather. Seasonal SST
field and interannual variability of Black Sea using AVHRR studied from 1982 to 2000[47], physical
oceanography of the Black Sea[48], Circulation in the surface and intermediate layers of the Black Sea
[49].
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2.3. Study Area
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Figure 2. Geographic setting and bathymetry of the Black Sea.

To perform cloud cover and SST investigation of the Black Sea (Fig.2) NOAA-AVHRR HRPT
data has been used. HRPT (High Resolution Picture Transmission) data were acquired from the DLR
(German Aerospace Center) via the Internet (DLR, 2013) Earth Observation on the WEB interface
(EOWEB). Cloud removal process was performed by DLR. AVHRR data was chosen for investigation
of cloud cover over the Black Sea for the following reasons as it has Large swath width (3000km)
compared to the width (east west), spatial resolution (1km), spectral resolution (4 or 5 AVHRR
channels), temporal resolution (a daily SST image from DLR is formed by using up to five acquisitions),
availability (data on line), cost (free), and data processed (ready for analysis). A total of 6927 daily
composites images were downloaded for processing. According to the DLR each daily image has been
acquired from at least five NOAA-AVHRR passes; this gives a total of 34635 passes or more. The
numbers of available data sets are listed in table 1.

Table 1. List of 6927 daily composite images acquired from DLR.

Jan | Feb | Mar | Apr| May | JTun | Jul | Aues | Sep | Oct| INowv | Dec
1993@31 30 [=31 30 |31 [31 30 |31 |z2o 31
1904 |30 |28 [31 30 |31 30 [ 31 [31 30 |31 |30 31
1oos |20 [2z8 |31 30 [31 30 |30 [31 30 |31 |30 31
1996 |30 [zo |31 30 |31 30 |30 [31 30 |31 |30 31
1907 |30 |26 |20 30 |30 30 |31 [30 30 |30 |zo 31
1ges |31 [=z7 |31 30 |zo 30 |31 [31 30 |30 |30 2o
1999 |30 |28 |zo 2o |[zo 30 |31 |zo 30 |31 |30 31
2000 [ 31 |20 [31 30 |31 30 [ 31 [31 20 [31 |30 31
2001 (30 |28 |31 30 [31 30 |31 [31 30 |31 |30 18
zooz EL b iEEEE 30 [ 31 30 (31 |31 30 |31 |30 30
2003 (31 |28 [31 28 |31 30 [ 31 [31 28 |31 |30 31
2004 |24 |20 |17 25 [=31 30 |31 |29 20 |31 |zo 25
2005 (30 |28 [31 2o [ 3o 2o [ 31 [31 30 |30 |30 30
2006 |31 |28 |30 20 [ =31 30 [ 31 [31 26 |25 |24 24
2007 |31 |27 |20 30 [31 30 |31 [31 30 |31 |30 31
2008 (31 |28 [31 30 [=31 30 [ 31 [31 30 |31 |30 31
zo09 [31 |28 [31 30 | 30 30 |30 |18 Eoogdaad 30 31
2010 (31 |28 [31 30 |26 30 |31 [30 30 |31 |30 30
2011 (31 |28 [31 20 [=31 30 |31 [31 2o |31 |30 27
2012 |17 |22 [31 2o [30 2o |31 [31 30 |28 |zs 31
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2.4. Data Processing

In order to analyze and generate cloud cover patterns for individual months, PIXEL41 software
was written in Fortran 90 programming language. First, all the files have to be converted into raw file
format; this was achieved by using the Paint Shop Pro [50]image processing software.

The software (PIXEL41) counts the number of cloud (255) pixels in a particular point from multiple
images. It reads pixels on each row and records the number of digital values of (representing cloud)
255 into a new binary raw image until it finishes all rows. At the end of the process, an image file is
produced that represents cloud density of the input month (see Fig.3).
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Figure 3. Schematic diagram of how monthly cloudiness is computed from daily input files.
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When all the daily files for each month of each year was processed, there were a total of 233 images
representing cloud density (This images will not be displayed as it will exceed the length of the paper)
of the individual months 20 yearly and 12 monthly over and the twenty year period.

Once the process described above was completed, the 233 monthly files were imported
individually to ERMapper to create resized and pseudo colored of all months. The mean monthly mean
was calculated from the monthly images results were presented on table 2, table 3 and plotted in Fig.4-
5 and generated pattern in Figure 6 and Fig.7.

2.5. Sea Surface Temperature

The monthly MCSST data with the resolution of 1 km AVHRR from March 1993 to December
2012 was downloaded. The SST values are stored as follows: Greyvalue “0” is reserved for “LAND”,
greyvalue “255” is reserved for “CLOUD” and no “NO DATA” The temperature range starts with 0.00C
and is referred to greyvalue “1”. The radiometric resolution is 0.1250C; greyvalue 254 is therefore
referred to 31.750C (maximum temperature). Images were containing whole Europe, so to study the
area of interest (The Mediterranean Sea) whole images were imported to ERMapper 5.2 (ERMapper).
Then the SST of each month for MS was calculated excluding flagged pixels A total of 206 monthly
composite SST images were downloaded from aforementioned DLR web site to process SST of the BS.
The result presented on Figure 8.

3. Results And Discussions

3.1. Cloud Cover

Table 2. Statistical table of monthly average cloudiness.

Jan |Feb |[Mar | Apr |May|Jun | Jul [ Aug| Sep | Oct | Nov |Dec | AVG
1993 0,84 0.77| 0.85|0.55]| 0,52 0.51]| 0.53| 0,72| 0.90| 0.80| 0,70
1994 | 0,83 0.83|0.80|0.78| 0,56 |0.33|0,28| 0,40| 0,43| 0,70| 0,89 | 0,91 | 0,64
1995 | 0,98 0,94 |0,95|0,77]| 0,61 |0,38|0,39| 0,43| 0,55|0,71| 0,86 | 0,91 | 0,71
1996 | 0,92 0.87]0.89|0.72]|0,57|0.31|0,23| 0,50| 0,72| 0,74| 0,50| 0,87 | 0,65
1997 | 0.86| 0,75 | 0,67 0.70| 0,43 | 0,42 | 0,32| 0,40| 0,44| 0,67 | 0,70| 0,82 | 0,60
1998 | 0,79 0.71]0,75|0.53| 0,76 | 0,48 | 0,24 | 0,13| 0,35| 0,46 | 0,78 | 0,78 | 0,56
1999 | 0,74 0,72 | 0.,64|0.45| 0,47 0.,35|0,17| 0,28| 0,34| 0,68| 0,82|0,71| 0,53
2000 | 0,84| 0,60|0,52|0,52| 0,29 |0,30|0,15| 0,26 0,38| 0,47| 0,52| 0,74 | 0,47
2001 | 0,72 0,75|0.61|0.62| 0,42 |0,26| 0,14|0,21| 0,33]| 0,45| 0,70| 0,89 0,51
2002 0,52 0,26 |0,32|0.20|0,32|0,37|0.54| 0,59 | 0,77 | 0,43
2003 | 0,78 0.80|0.64[0.51| 0,19/ 0.12]0.35]|0.22| 048] 0.63]0.75]|0.77| 0,52
2004 | 0,90|0.82|0,71|0,51| 0,48 | 0,36| 0,20| 0,41 0,29| 0,55|0,67|0.71| 0,56
2005 | 0,79| 0,84 |0,75| 0,54 0,46 | 0,34 0.27| 0,24| 0,45| 0,52| 0,76| 0,81 | 0,56
2006 | 0,90| 0.80|0,72|0,57| 0,48 | 0,31 ]| 0,34| 0.,36| 0,81| 0,84| 0,75| 0,72 0,63
2007 | 0,79| 0,82 |0,69| 0,49| 0,35 |0,29|0,12| 0,28 0,37| 0,52| 0,67| 0.83 | 0,52
2008 | 0,75|0.69|0,57|0.,65| 0,34 | 0,26| 0,29| 0,21 0,57| 0,42| 0,56| 0,73 | 0,50
2009 | 0,72 0.82|0,71|0.31| 0,36 |0,21|0.,35| 0,27 0,62|0.84| 0,52
2010 | 0,91|0,85|0,69|0,44| 0,28 | 0,48| 0.37| 0,26 0,38| 0,66| 0,45|0,70| 0,54
2011 | 0,83|0.85|0.,69|0.,67| 0,48 |0,34]|0,23|0,22| 0,26| 0,63|0,70|0.75| 0,56
2012 | 0,93 0.87|0,71|0,47| 0,58 | 0,19]|0,21|0,35| 0,24| 0,45| 0,69| 0,78 | 0,54
AVG|0,83|0,80|0,71|0,58| 0,46 |0,33]|0.27|0,31| 0,44| 0,60| 0,69|0,79| 0,56
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Table 3. Statistical table of yearly average cloudiness

Year 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
Minimum | 0,003 0,003 0,003 0,003 0,003 0,003 0,003 0,003 0,003 0,004
Maximum | 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000
Mean 0,697 0,636 0,701 0,652 0,592 0,555 0,526 0,463 0,486 0,429
Std. Dev. | 0,063 0,053 0,052 0,058 0,059 0,059 0,060 0,061 0,058 0,064
Year 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Minimum | 0,003 0,003 0,003 0,003 0,003 0,003 0,003 0,003 0,003 0,375
Maximum | 0,850 0,907 0,916 0,974 0,851 0,827 0,862 0,838 0,869 0,962
Mean 0,511 0,538 0,557 0,618 0,509 0,497 0,528 0,536 0,547 0,522
Std. Dev. | 0,049 0,054 0,053 0,072 0,059 0,060 0,052 0,040 0,060 0,048

The highlighted values (in red) in table 2 and 3 are i

Figure 4. 20 year’s average monthly cloudiness (%) of each month and yearly average
cloudiness for 20 years (1993-2012).

ndication of either maximum or minimum values.

Figure 4 shows the average monthly cloud cover over the Black Sea. As expected, cloud density
is high during the winter and low during the summer. The main results of table 2 and Figure 4 are 1993
from May to August is quite off the average. In general Black Sea is 56% is cloudy. From statistical
table highlighted in red June 2003 and January 1995, are 0,12% and 98% was cloudy with minimum
and maximum respectively. Figure 4 showing 20 years average (thick black line) with linear trend line
(thick red line) which shows decrease in the amount of cloud cover over the Black Sea.
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Figure 7. Yearly average cloud pattern (%o) for each year (1993-2012).
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The climatic conditions of the Black Sea and its surroundings are under the effect of general
circulation of atmosphere and physical geography (especially high mountains surrounding eastern Black
Sea region act like a wall). A large part of the region, especially in the north polar introduced under the
influence of the air mass. However, these air masses, they come up to the main features of the source
field is undergoing some changes. Most of the time the Black Sea undergoes to polar air masses from
the north which causes high cloud cover particularly eastern Black Sea. Prevailing wind direction,
depending on the pressure conditions and anticyclone cyclonic conditions, Rossby waves in the upper
levels of the atmosphere, the North Atlantic and Arctic oscillations, the Black Sea and around important
role to play.

3.2. Sea surface temperature

A total of 206 monthly composite SST images were downloaded from aforementioned DLR web
site to process SST of the BS. The result presented on figure 8, 9.

Figuure 8. Seasonal variation of SST for 20 years in °C (Celsius) and yearly average SST for 20
years in °C (Celsius).

Figure 9. 20 year’s average SST pattern for each “C (Celsius).
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Figure 10. Yearly average SST pattern for 20 years in °C (Celsius).

Figure 9-10 are showing monthly and yearly average of SST pattern for the BS over 20 years. From
November to Februarry where polar air masses effective low cloud cover obseved at eastern part of the
BS this causes eastern part of the sea to be exposed to solar heating therefore an increase in SST.
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Figure 11. 20 year’s average SST pattern °C (Celsius) and average cloud density pattern (%)
respectively.
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Figure 12. 20 year’s average SST (°C) along with cloud density (%) and general trend of both
for 20 years (1993-2012).

Figure 12 shows SST along with cloud cover, a lag between SST and cloud cover is due to thermal
conductity of water boady. Trendline also shows a decrease on cloud cover accordingly a slight increase
on SST with respect to each other.

4. Conclusion

In general, the possibility of compositing a 100% cloud free image of the Black Sea for a single
day is impossible. This information may be used by people wishing to employ optical remote sensing
with any kind of satellite since they may estimate the likelihood of there being cloud. Although in some
cases quick looks are available, they may not give all the detail. This information would be factor when
planning a remote sensing campaign, as it may save time and money. The potential availability may be
found from Fig. 7 and 5.

81



Cloud density is high during the winter and low during the summer. The main results of table 2 and
Fig.4 are from May to August 1993 and May to June 2003 are quite off the average. In general Black
Sea is 56% is cloudy. From statistical table highlighted in red June 2003 and January 1995, are 0,12%
and 98% was cloudy with minimum and maximum respectively. Linear trend line (thick red line) which
shows decrease in the amount of cloud cover over the Black Sea. The climatic conditions of the Black
Sea and its surroundings are under the effect of general circulation of atmosphere and physical
geography. A large part of the region, especially in the north polar introduced under the influence of the
air mass. However, these air masses, they come up to the main features of the source field is undergoing
some changes. Most of the time the Black Sea undergoes to polar air masses from the north which causes
high cloud cover particularly eastern Black Sea. Prevailing wind direction, depending on the pressure
conditions and anticyclone cyclonic conditions, Rossby waves in the upper levels of the atmosphere, the
North Atlantic and Arctic oscillations, the Black Sea and around important role to play

Monthly and yearly average of SST pattern for the BS over 20 years. From November to February
where polar air masses effective low cloud cover observed at eastern part of the BS this causes eastern
part of the sea to be exposed to solar heating therefore an increase in SST. Despite of low average cloud
rate at the western side SST is lower due to geographic setting and cold water input from the rivers
nearby. The results are also coherent with the Landscape formation of the Black Sea.
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