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ABsTrRACT. Eastern Anatolia Observatory (DAG) project was initiated in
Erzurum/Turkey in 2011. DAG will have Turkey’s largest (4 m) and first infrared
telescope. The installation process is planned to be by taking its first light in the end
of 2021. This study was focused on a new analysis method about the atmospheric
properties of DAG site in terms of the cloudiness as known the most vital
atmospheric parameter for ground-based astronomical observatories. In this regard,
the cloudiness for DAG site is comprehensively examined using the “Cloud Mask”
(CMa) and “Cloud Type” (CT) products from Satellite Application Facility on
Support to Nowcasting and Very Short-Range Forecasting (NWC SAF). Firstly, the
cloudiness and the cloud types over DAG site were determined. Secondly, NWC
SAF CMa and CT data have been redefined for astronomical purposes, and the pixel
values/meanings in CMa and CT images have been reduced from 6 to 4 and from
21 to 4 pixels, respectively. Thirdly, these new data were used to define a new index
named as “Astronomical Clearness Index” (ACI), and finally, the observable days
for DAG site were determined using this newly defined index.

1. INTRODUCTION

One of the most determining factors for ground-based astronomical observations is
the atmosphere of the Earth. Continuous monitoring of the characteristic features of
the atmosphere with high accuracy is crucial to plan and prepare observation types,
projects and devices, and of course to obtain quality observational data. This issue is
also important for the effective use of valuable observation time for an observatory.
The quality of the Earth's atmosphere for astronomical observation is evaluated by
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primary parameters such as cloudiness, temperature, precipitation, pressure,
humidity and wind which are fundamental for the meteorological studies. The first
main meteorological parameter for all astronomical observations (visible or infrared)
is the cloudiness information (e.g. clouds coverage, cloud types, cloud coordinates
on the sky, cloud altitude, or time-dependent cloud changes). The cloudiness
information for an observatory site not only gives information about the quality of
the site chosen for the observatory and how often it is suitable for observation, but
also provides a great opportunity to prepare the observational devices to be used and
decide on the types of observations.

In astronomy, meteorological data are widely used for an observatory site selection,
and instant and continuous monitoring of short-term and long-term atmospheric
conditions. Meteorological analyses are also important for scheduling the
observations during time allocation for observations, especially. There are many
studies conducted in this context and cloudiness information is evaluated especially
in order to determine the number of the “clear nights” to observe [1-10].

Today, meteorology obtains the cloudiness information needed by different
disciplines (agriculture, transportation, astronomy etc.) in different ways.
Traditionally, the cloudiness information is determined as a percentage by the
observers at meteorological stations; in recent years, it can be obtained by analysing
the images of the sky taken with the ground-based wide-angle cameras (ASC: All
Sky Camera). Also, numerical weather forecast models produce cloudiness
information. Another way to obtain the cloudiness information is to use remote
sensing methods from some meteorological satellites in certain orbits around the
Earth. From the satellite data, cloud mask (CMa), cloud type (CT) and cloud fraction
(CF) information are obtained as categorical and continuous values of cloudiness
information. Cloud data is used in studies of different disciplines such as energy,
transportation, climate change and astronomy [9, 11-13].

Nowadays, for astronomical observatories, the instant and continuous monitoring of
the atmospheric and astronomical conditions, and predictions have been made with
much more accuracy by remote sensing methods and the analysis of meteorological
satellite data. Such studies have become indispensable today for all observatories
having a large telescope. Remote sensing data has many advantages over ground-
based data such as being digital, covering large areas and low costs.

In this study, the geostationary meteorological satellite (METEOSAT) data, which
covers Turkey as well, was used to determine the method for cloudiness. The NWC
SAF (Satellite Application Facility for Nowecasting and Very Short-Range
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Forecasting) unit of EUMETSAT (European Organisation for the Exploitation of
Meteorological Satellites) produces various data sets from METEOSAT data for
short-term weather forecast. NWC SAF cloud products are generated from records
of the SEVIRI (Spinning Enhanced Visible and InfraRed Imager) sensor onboard
METEOSAT satellites. We used two of these data sets together (CMa and CT
products) for the first time, to define an astronomical cloudiness parameter (ACI:
Astronomical Clearness Index). Using this new index (ACI) together with the ASC
data obtained from the Eastern Anatolian Observatory (DAG) site (3170 m,
Karakaya summit, Konakli, Erzurum), the cloudiness information and characteristics
of DAG site were determined for the first time.

2. SITE, DATA AND METHOD
2.1. Eastern Anatolia Observatory (DAG) Site

Eastern Anatolia Observatory (DAG) is located at the coordinates of 39.78 degree of
North latitude and 41.23 degree of East longitude on the Karakaya summit with an
altitude of 3170 m, within the 2500 acres of land, in Erzurum, Turkey. Erzurum,
which is a city in the east part of Turkey, and DAG site can be seen in Figure 1.

The basic climatic characteristics for Erzurum are of a dominantly continental
climate; winters are long, cold and snowy; summers are short and warm. The basic
meteorological properties for Erzurum city and DAG site are given in Table 1. The
data for Erzurum were taken from the web page! of TSMS (Turkish State
Meteorological Service).

! https://www.mgm.gov.tr/veridegerlendirme/il-ve-ilceler-istatistik.aspx?k=undefined\ &m=ERZURUM
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FiGURE 1. DAG Site at 3170 m altitude, Karakaya summit in Konakli, Erzurum, Turkey.

TABLE 1. The basic meteorological properties for Erzurum city and DAG site. The
measurements are taken from TSMS and DAG databases, and recorded between 1929 -2019,
and 2012 - 2019 for Erzurum and DAG site, respectively.

. Tmean Tmean
. Altitude . Tmin Tmax Hmean Vmean
Location Winter Summer
m | e | S| ey | o) | o6 |
Erzurum 1860 -7.5 17.8 -37.2 36.5 63.3* 2.7*
DAG site 3170 -9.1 12.4 -34.5 32.8 54 6.9

Tmean: Mean Temperature, Tmin: Minimum Temperature, Tmax: Maximum Temperature,
Hmean: Mean Relative Humidity, Vmean: Mean Wind Speed, *: Average of values between

1975-2008 [14]
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2.2. Data
2.2.1. MSG-SEVIRI Instrument Characteristics

SEVIRI (Spinning Enhanced Visible and InfraRed Imager), which is the primary
sensor carried by MSG (Meteosat Second Generation) satellites, has 12 channels,
and it provides images with 3 km spatial resolution (1 km for HRV: High Resolution
Visible channel) and 15 min temporal resolution at full scan (5 min in fast scan
mode). SEVIRI has four channels called visible or shortwave and eight channels
called thermal (IR). SEVIRI's VIS0.6, VIS0.8, NIR1.6 and HRV channels are
sensitive to Solar radiation reflected from the ground and the atmosphere. The best
performing channel for detecting clouds is VIS0.6, for terrestrial properties and
vegetation is VIS0.8, for ice and snow is NIR1.6, and for low clouds and fog is IR3.9.
As the IR3.9 channel is permeable to radiation with wavelength centred at 3.9 um,
it is sensitive to Solar radiation reflected during the daytime, and thermal radiation
emitted during an entire day. The IR3.9 channel is primarily used for the detection
of low clouds and fog, and wind vectors. This channel also supports ground and
water surface temperature measurements for night time. Since the IR3.9 channel is
sensitive to CO, absorption around 3.9 pm, CO; correction is applied for the
reflectance calculated from daytime records. HRV channel is a high resolution (1
km) visible channel. By providing high-resolution images, this channel allows the
processing of data from other channels to be more advanced. It can be used to check
the presence of the clouds in the corresponding pixel on lower resolution channels
of the displayed region. Therefore, it allows for more advanced cloud detection and
sub-pixel processing of SEVIRI data for some products. The main features of the
channels of the MSG SEVIRI sensor were given in Table 2.

Infrared channels are sensitive to thermal radiation emitted from land or ocean
surfaces and clouds, and they provide information both day and night. The WV 6.2
and WV7.3 channels are centred on 6.2 um and 7.3 um, respectively, and sensitive
to radiation emitted by the water vapor in the upper parts of the troposphere. These
channels show the vortex-shaped moisture at a height of 5 - 8 km in the high-level-
cloud-free parts of the area being viewed. While the IR8.7 channel is permeable to
infrared radiation coming from the window centred around 8.7 um, the IR9.7
channel is permeable to radiation emitted from O3 molecules at 9.7 pm. The IR10.8
and IR12.0 channels are centred at 10.8 pm and 12.0 um, respectively, and are
channels showing clouds and surfaces at these wavelengths. The IR13.4 channel is
permeable to radiation emitted from CO, molecules at 13.4 pm.

The IR8.7 channel provides the separation of ice and water clouds, and information
about the quantity of thin cirrus clouds. The IR10.8 and IR12.0 channels basically
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measure land and sea surface temperature, and cloud-top temperature. In addition,
cirrus clouds and volcanic ash clouds are detected in these channels. The IR9.7 and
IR13.4 channels are permeable to radiation emitted from clouds and surfaces as well
as O3 and CO, absorption. This effect is eliminated by comparison with other
channels. Other channels are used to identify clouds and remove background surface
radiation. When this is done, the remaining signal gives information about special
atmospheric conditions (O3 and CO;). While the IR9.7 channel is sensitive to the O3
density in the lower stratosphere, the IR13.4 channel is sensitive to CO> gas at the
bottom of the troposphere.

TABLE 2. The properties of MSG SEVIRI channels?.

Channel S%e;r:gal . Wavel;cngtth (um) X Main Observational
Number mn enter max Application
@m) | @m) | (@m) | (um) R
1 VI1S0.6 0.56 0.635 0.71 Surface, clouds, wind fields
2 VI1S0.8 0.74 0.81 0.88 Surface, clouds, wind fields
3 NIR1.6 1.50 1.64 1.78 Surface, cloud phase
4 IR3.9 3.48 3.90 4.36 Surface, clouds, wind fields
5 WV6.2 | 535 6.25 7.15 Water vapor, high level
clouds, atmospheric instability
6 WV7.3 | 6.85 7.35 7.85 Water vapor, atmospheric
instability
7 IR8.7 8.30 8.70 9.10 Surface, c_Iouds,_ qtmospherlc
instability
8 IR9.7 9.38 9.66 9.94 Ozone
9 IR10.8 | 980 | 1080 | 11.80 | Surface clouds wind fields,
atmospheric instability
10 IR120 | 11.00 | 1200 | 1300 | Surface, clouds, atmospheric
instability
11 IR134 | 1240 | 1340 | 14.40 Cirrus cloud height,
atmospheric instability
12 HRV Broadband (~0.4 - 1.1 pm) Surface, clouds

2.2.2. NWC SAF Cloud Mask (CMa) Product

The CMa product® developed by the NWC SAF, aims to support nowcasting
applications and to detect land-ocean surfaces remotely. The CMa product allows us
to identify cloudless areas where other satellite products (such as precipitable water

* https://www.mgm.gov.tr/genel /meteorolojikuydular.aspx7s=61
% https://www.nwesaf.org/cma_ description
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vapor - PWYV, land or sea surface temperature, snow or ice identification) can be
calculated. It also enables the detection of cloudy areas where products such as CT
and cloud-top temperature/height can be obtained. In addition, the product provides
information about the presence of snow or sea ice, dust clouds, and volcanic ash
(plumes) [15]. However, the main purpose of the CMa product is to give all cloudless
pixels in a satellite image with high accuracy. Table 3 shows the pixel values and
what they mean in CMa images produced with NWC SAF 2013 version. A sample
CMa image produced with the 2013 version of NWC SAF is given in Figure 2. The
sample CMa image is an instantaneous data and was obtained at 2020-01-01 00:00

UTC.

M Cloud free I Cloud contaminated

FIGURE 2. A Sample image that we produced using NWC SAF CMa data.

TABLE 3. Meaning of pixel values in NWC SAF CMa images.

CIOI,Id filled

Pixel Value

CMa (Cloud Mask)

Non-processed

Cloud free

Cloud contaminated

Cloud filled

Snow/Ice contaminated

g |lW|IN|(FL|O

Undefined

I Snow/lce contaminated Il Missing value
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2.2.3. NWC SAF Cloud Type (CT) Product

The CT product’, developed by the NWC SAF unit mainly aims to support
nowcasting applications by providing a detailed cloud analysis. The CT product can
be used as input for a mid-range target analysis, as an intermediate product input to
other products or as a final image for a forecaster. For example, CT product is
required to produce cloud-top temperature and cloud-top height products, and
determination of precipitation clouds. In addition, this product is used to calculate
the radiation flux on the sea or land. When a pixel defined as cloudy in a CMa
images, the corresponding pixel in CT images contains information about main cloud
classes such as partial or fractional clouds, semi-transparent clouds, high, medium
and low clouds [15]. Table 4 shows the pixel values and what they mean in the CT
images produced with the NWC SAF 2013 version. A sample CT image produced
with the 2013 version of NWC SAF is given in Figure 3.

'Cloud free land ) Low and stratiform clouds

|
Il Cloud free sea Medium and cumuliform clouds

Land contaminated by snow Medium and stratiform clouds

Sea contaminated by snow/ice High opaque and cumuliform clouds

Very low and cumuliform clouds High opaque and stratiform clouds

Very low and stratiform clouds B Very high opaque and cumuliform clouds
B Low and cumuliform clouds Very high opaque and stratiform clouds
W High semitransparent above low/medium clouds High semitransparent thin clouds
Bl Fractional clouds (sub-pixel water clouds) High semitransparent meanly thick clouds
I Missing value W High semitransparent thick clouds

FIGURE 3. A Sample image that we produced using NWC SAF CT data.

* https://www.nwesaf.org/ct _description


https://www.nwcsaf.org/ct_description

66

K. KABA, C. YESILYAPRAK, O. SATIR

TABLE 4. Meaning of pixel values in NWC SAF CT images.

Pixel Value CT (Cloud Types)
0 Non-processed
1 Cloud free land
2 Cloud free sea
3 Land contaminated by snow
4 Sea contaminated by snow/ice
5 Very low and cumuliform clouds
6 Very low and stratiform clouds
7 Low and cumuliform clouds
8 Low and stratiform clouds
9 Medium and cumuliform clouds
10 Medium and stratiform clouds
11 High opaque and cumuliform clouds
12 High opaque and stratiform clouds
13 Very high opaque and cumuliform clouds
14 Very high opaque and stratiform clouds
15 High semi-transparent thin clouds
16 High semi-transparent meanly thick clouds
17 High semi-transparent thick clouds
18 High semi-transparent above low or medium clouds
19 Fractional clouds (sub-pixel water clouds)
20 Undefined (undefined by CMa)

2.2.4. All Sky Camera Data

DAG-MAM (Meteorological and Astronomical Monitoring) System currently has
two all-sky cameras (ASC). These cameras are OMEA and EUDA models from
Alcor-System®. ASCs monitor the whole sky over the observatory during day and
night time (Figure 4). With these cameras, night sky quality and all-night events
(Rise and set of Milkyway, meteors/meteoroids, satellite passes etc.) are recorded.
The OMEA ASC has a colour sensor from ZWO ASI®, with a size of 4150 x 2800
pixels. The EUDA ASC has a CCD chip (G2-8300) from Moravian Ints.”, with 4600
x 3550 pixels and focal ratio of f/2.8. The EUDA ASC also has a filter wheel with
five standard filters (Light, Red, Green, Blue and Neutral). These two instruments

provide an all-sky image in about one-minute temporal resolution.

® http://www.alcor-system.com/new/AllSky /Omea_ camera.html
% https://astronomy-imaging-camera.com/
" https://www.gxced.com/?cat=0&lang=409
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FIGURE 4. ASC images from DAG site.
2.3. Method

NWC SAF CMa and CT products used in the study are produced by the TSMS and
transmitted to Astrophysics Research and Application Centre (ATASAM) via the
internet (i.e. ftp). This data spatially covers Turkey and its surroundings (e.g. Europe,
North Africa and the Middle East) with a 15-minute temporal resolution and
presented to users in HDFS5 (sometimes NetCDF) file format. The CMa and CT data
were prepared with the same properties, via Python scripts developed in this study,
and then produced in geotiff file format for Turkey (35-43 north latitude and 25-46
cast longitude) with about 5 km (0.045 degrees) spatial pixel resolution, in the
geographic coordinate system, geographic latitude/longitude projection, and datum
and ellipsoid of WGS84 (World Geodetic System 1984). Afterwards, one-pixel value
corresponding to the DAG site from the geotiff images with coordinates of Turkey
covering June 1, 2019 - March 31, 2020 timespan was analyzed and used to
determine the cloudiness criteria. The criteria determined for the astronomical
evaluation of CMa and CT products are given in detail below.

In astronomical observations, not all cloud types affect the observations in the same
way. For example, it is known that observations can be made in the presence of
clouds such as cirrus and cumulus. Therefore, with the aim of determining whether
the sky is clear or cloudy for astronomical purposes, CMa and CT products of NWC
SAF have been reclassified, considering the cloud classes of the World
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Meteorological Organisation (WMO), which are created based on the shape and the
height at which they are located (see Figure 5 and Table 5). During this
reclassification process, considering Turkey’s latitudes and the altitude of the DAG
site, we used the temperate region values for the cloud levels given in Table 5.
Eventuallyy, NWC SAF cloud information is reinterpreted for astronomical
observations by using the cloud definitions of WMO, and the experiences of

astronomers who have made different kinds of observations in different atmospheric
conditions.

TABLE 5. WMO cloud types and their approximate heights for different latitudes® regions.

Level Genera Polar region | Temperate region | Tropical region
Cirrus
High Cirrocumulus 3-8km 5-13km 6-18 km
Cirrostratus
Altocumulus
Middle Altostratus 2-4km 2-7km 2-8km
Nimbostratus
Stratus
Stratocumulus
Cumulus

Cumulonimbus

Low 0-2km 0-2km 0-2km

% https://cloudatlas.wmo.int /en/useful-concepts.html
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In our study, NWC SAF CMa and CT images with 15-minute temporal resolution
from June 1, 2019 to March 31, 2020 were analysed. As a first trial and example, the
values of only one pixel (~5x5 km? resolution) of the image at the zenith of the DAG
site are used. Combining the analysis of the amount and types of clouds formed over
the DAG site, WMO cloud classes, ASC images and the experience of experts on
astronomical observations; NWC SAF CMa and CT data were reclassified according

to astronomical observation types (photometric, spectroscopic, and unavailable), and

renamed as ACMa and ACT (A stands for astronomical).

? Image Credit: https://puppytales.com.au/wp-content /uploads/2015/04/cloudform2.jpg
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Since NWC SAF CMa values are simple (Table 3), ACMa values are obtained with
a simple definition and classification. When the pixel value in NWC SAF CMa data
is “0” (Non-processed) and “5” (Undefined), it is not processed (NaN); when the
pixel value is “1” (Cloud-free) and “4” (Snow / Ice_contaminated), it is defined as
clear (cloudless); when the pixel value is “2” (Cloud _contaminated), it is defined as
partly cloudy; and when the pixel value is “3” (Cloud filled), it is defined as cloudy.
If a pixel in NWC SAF cloud data is detected as snow or ice, it should be known that
the pixel is cloudless [15].

Unfortunately, NWC SAF CT values are not as simple as CMa values are. Thus, to
define ACT values from NWC SAF CT values, several additional parameters are
taken into account, such as WMO cloud classes, astronomical observations experts’
opinions, and ground-based ASC images (Figure 4). The details of the astronomical
reclassification of the NWC SAF cloud types (CT) are given in Table 6 and explained
below:
e The cloud types of 5, 7, 9, 11 and 13 are defined as “cloudless” as they are
type of cumulus and not visible over the DAG site (3170 m).

The cloud types of 6, 8, 10, 12 and 14 are defined as “cloudy” as they are
opaque and/or stratus type, which completely covers the sky and are opaque,
and occur at different levels over the DAG.

The cloud types of 15, 16 and 17 are defined as “partly cloudy” as they are
high level semi-transparent types, forming over the DAG site and partially
covering the sky.

The cloud type of 18 is defined as “cloudy” even though they are high-level
cirrus type clouds, as there are low and medium level clouds below them.
The cloud type of 19 is defined as "partly cloudy”" as it means there are
clouds at some parts of the pixel.

TABLE 6. We gather CMa and CT pixel values into four groups, where we assign new
standardised values, and name these new values as ACMa (Astronomical Cloud Mask), ACT
(Astronomical Cloud Type), NaN: Not a Number.

C'\\/I/ZIELXGI Q/E\I'\S :‘ CT Pixel Value \';“53;

Non-processed 0,5 NaN 0,20 NaN
Clear 1,4 0 1,2,3,4,57,9,11,13 0
Partly cloudy 2 1 15, 16, 17, 19 1
Cloudy 3 2 6, 8, 10, 12, 14, 18 2
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3. REsuLTs AND DISCUSSIONS

MSG satellites in geostationary orbit record high temporal resolution images with
15 minutes in nominal scanning. Using these images, the software developed by the
EUMETSAT NWC SAF unit produces various atmospheric or meteorological data
for nowcasting purposes. From these data, cloud mask (CMa) and cloud type (CT)
data were used in this study. ATASAM receives these cloud data, which is produced
by TSMS, and covers Turkey and its surroundings within a 15-minute resolution,
since May 28, 2019. These data were obtained from TSMS via ftp in the H5 file
format. In this study, we used the cloud data covering a 10 month-timespan from
June 2019 to March 2020. While it is expected that there will be 29280 images (or
files) for each cloud product in the 10 month-timespan; due to data losses during the
data transferring and processing procedures, we worked on only 27626 images for
CMa and 27618 images for CT data belonging to this period. Using these data sets,
the closest pixel values corresponding to the DAG site, the cloudiness of the DAG
site was analysed. The results of the analysis are given in Table 7 and Figure 6 for
the CMa, and in Table 8 and Figure 7 the CT values.

As it can be seen in Table 7 and Figure 6, the CMa values for DAG are 53.2% clear
(cloud-free and snow/ice contaminated), 38.0% cloudy (cloud-filled) and 8.7%
partially cloudy (cloud contaminated). Considering that, according to CMa values,
only 38.0% of the days are cloudy for DAG, and that partially cloudy days are
suitable for some observations, it can be said that “good nights” for observation are
approximately 61.9% in total. According to these percentages, approximately 186
days for the 10 months (~300 days) timespan, which corresponds to 226 days in a
year, in the DAG site can be labelled as observable days. Nevertheless, defining the
atmosphere as cloudy or clear, and scheduling astronomical observations using only
CMa information may not be very accurate, since one cannot know whether the
clouds detected are circus, transparent or low clouds.

TABLE 7. Distribution of pixel values in NWC SAF CMa images for DAG site.

NWC SAF Cloud Mask Pixel Value Count Percent
Cloud-free 1 13693 49.6
Cloud filled 3 10486 38.0
Cloud contaminated 2 2401 8.7
Snow/lce contaminated 4 1022 3.6
Non-processed 0 24 0.1
Total 27626 100
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FI1GURE 6. Distribution of the pixel values in NWC SAF CMa images for DAG site.

In Table 8 and Figure 7, the distribution of NWC SAF CT values determined from
images for the 10 month-timespan for DAG is given. NWC SAF CT product
provides information in 21 different categorical values, of which 15 are different
cloud classes (Table 4). We found that approximately 50% of our data set do not
contain clouds (cloud free land), while 10 different cloud types are observed in the
rest. The most common cloud types seen on DAG site are stratiform and high level
semi-transparent clouds. On the other hand, it is remarkable that five different
cumulus form cloud types are not seen on the DAG site in the aforementioned
timespan. While the sum of the cloud-free, snow covered and transparent cloud
values from Table 8 is about 68%; the stratus type and opaque cloud values are
approximately 31%. Hence, based on these percentages, approximately 204 days are
determined as observable days for the 10-month (~300 days) timespan at the DAG
site, which corresponds to approximately 248 days in a year.
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TABLE 8. Distribution of pixel values in NWC SAF CT images for DAG site.

NWC SAF Cloud Types Pixel Value | Count | Percent
Cloud free land 1 13692 49.6
Medium and stratiform clouds 10 2744 9.9
Low and stratiform clouds 8 2555 9.2
High opaque and stratiform clouds 12 2147 7.8
High semi-transparent meanly thick clouds 16 1593 5.8
High semi-transparent thick clouds 17 1554 5.6
Land contaminated by snow 3 1022 3.7
High semi-transparent above low/medium clouds 18 866 3.1
Fractional clouds (sub-pixel water clouds) 19 637 2.3
High semi-transparent thin clouds 15 414 15
Very high opaque and stratiform clouds 14 210 0.8
Very low and stratiform clouds 6 160 0.6
non-processed 0 24 0.1
Total 27618 100

While the number of clear days in a year for DAG is 226 days determined from the
NWC SAF CMa product; it is 248 from the NWC SAF CT product. On the other
hand, when the ground-based measurements or different cloud data from different
satellites are used to determine the number of clear days for an observatory, diverse
numbers are found [16]. Considering these discrepancies, we concluded that the use
of CMa and CT products together will yield more accurate results to determine the
number of astronomically clear days for an observatory with high accuracy. For this
purpose, here we define the “Atmospheric Clearness Index” (ACI) parameter, based
on CMa and CT products. In addition to these satellite products, we also used the
images from ASCs which are installed at the DAG site and recording the entire sky
at a wide angle. The ASC images were visually examined and used as an auxiliary
data set to decide whether observations could be performed in corresponding NWC
SAF CT cloud types. With an ASC, it can be easily detected whether the sky is clear
or cloudy, hence the usage of these data will both confirm and support the accuracy
of our results based on the new index, ACI. Thus, with this study, a new parameter
to determine observable nights for DAG was developed, and the number of
observable nights for the DAG site was determined depending on ACI values for the
first time.
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FI1GURE 7. Distribution of the pixel values in NWC SAF CT images for DAG site.

Astronomical observations are basically divided into two as spectroscopic
(observation of light received from celestial bodies in wavelength resolution) and
photometric (observation of light received from celestial bodies in time resolution).
In cases where the sky is completely clear (i.e. completely cloudless), firstly,
photometric observations are performed (spectroscopic observations can also be
made). When the sky is covered partially by clouds, photometric observations are
avoided and only spectroscopic observations can be performed. In cases where the
sky is completely cloudy, there is no observation opportunity. Therefore, the ACI
parameter we define from NWC SAF cloud data, not only indicates whether or not
observation can be made, but also which type of observation the weather is suitable
for.
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The ACI values and the Astronomical Observation Type (AOT) defined for the
different combinations of ACMa and ACT, which are defined based on CMa and
CT, are given in Table 9. As the ACI is eventually a parameter based on CMa and
CT, it is important to remember the basics about these products. The NWC SAF CT
product algorithm first classifies the clouds detected in the CMa product [15].
Therefore, CMa and CT products are expected to be highly compatible with each
other. In cases where the CMa product does not give a cloud value, it is expected
that there will not be a cloud type in the CT product. Even though this is the case,
taking into account the possibility that the CT algorithm could produce the wrong
cloud type value, all combinations of ACT and ACMa were considered, instead of
denoting ACT as “0” where ACMa is “0”.

TABLE 9. We define ACI (Astronomical Clearness Index) based on a combination of ACMa
and ACT (see Table 6). ACI takes values of 0, 1 or 2, meaning none, one or two types of
astronomical observation (AOT) can be conducted, respectively.

ACMA|ACT|ACI AOT
Photometric
Spectroscopic
Unavailable
Photometric
Spectroscopic
Unavailable
Photometric
Spectroscopic
Unavailable

NINDNINIFP|IPIPIOO|O
NIRPIOINIFP|IOIN|(—L|O
OIFRLINIORLIN|IO|FL DN

The ACI value being “2” means that the cloudiness values of the sky are suitable for
quality astronomical observation, for both spectroscopic and photometric
techniques. If the ACI value is “1”, it means that the sky is partly cloudy and/or only
the type of clouds that would not affect spectroscopic observations are present,
therefore some astronomical observations can be conducted. The ACI value of "0"
means that the sky is too cloudy for any type of astronomical observation.
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In Figure 8, the distribution of the ACI values produced from the whole data set (10
Months) for DAG is given. From this distribution, it can be seen that about 159 days
(53%) are suitable for both photometric and spectroscopic observations, about 45
days (15%) is only suitable for spectroscopic observations, and about 93 days (31%)
are not suitable for any type of astronomical observation. Based on these
percentages, 204 days (~7 months) are observable days for the 10-month (~300 days)
timespan at the DAG site. Observability is binary as the cloudiness is; however,
quality of observations is not, which depends strongly on the type and coverage of
the clouds as well as the wavelength of observation [17, 18]. Furthermore, the reader
should consider that this result is obtained only by cloudiness, and taking other
atmospheric effects such as wind, humidity, temperature and precipitable water
vapour into account, observable days will naturally decrease.



A NEW ASTRONOMICAL PARAMETER FROM REMOTE SENSING DATA: ASTRONOMICAL 77
CLEARNESS INDEX

4. CONCLUSIONS

Knowing the atmospheric conditions instantly and for the very near future (hours,
days) is very important for ground-based astronomical observatories. Nowadays,
with the usage of remote sensing methods via meteorological satellites, atmosphere
monitoring has become easier and more accurate. Two of many products of satellite
imagery are CMa and CT cloud products of NWC SAF, which are used in our study.
Since the use of any meteorological cloud product alone is not very accurate for
astronomical purposes, here we defined a new parameter (ACI); based on two cloud
products (CMa and CT), the ASC images taken at the DAG site and WMO cloud
definitions and classifications. The first application of the newly developed ACI
parameter was performed for the DAG site. According to ACI values calculated, for
the 10-month (~300 days) timespan in the DAG site, approximately 204 days (7
months) are suitable for both photometric and spectroscopic observations, while any
observations cannot be performed on 93 days.
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