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ABSTRACT

A comparative analysis of the night sky as seen from various observatories
and telescope sites is able to provide useful information to the astronomical com-
munity; individual site performance is one example. Historically, few analyses
have been published on comparative analyses. The need for such analyses is
clear: existing astronomical observatory sites, known to have excellent observing
conditions, are becoming crowded. The number of undeveloped potential sites of
similar quality is often limited by political, financial, and infrastructure consid-
erations. A need has therefore arisen to identify and simultaneously compare the
continued performance of existing sites. This paper presents one such compara-
tive analysis based on nearly identical fisheye CONCAMs that are now deployed
at many major observatories as part of the Night Sky Live (NSL) global network.
The instruments return real-time data to http://NightSkyLive.net almost every
night. Combined, these images create a unique ability to assess and compare
the relative ground-truth clarity of the skies above these observatories every few
minutes. To this end, data and images from CONCAMs are used to estimate the
fraction of time that bright stars are detectable in at least half the sky for each
month of 2004. This preliminary comparison was done by visual inspection of
on-line archived CONCAM images. Sites involved include Mauna Kea (Hawaii),
Haleakala (Hawaii), Siding Spring (Australia), Canary Islands (Spain), Kitt Peak
(Arizona), Cerro Pachon (Chile), Wise (Israel), and Sutherland (South Africa).
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1. Introduction

An objective assessment of sky conditions is critical in determining the percentage of
useful nights that may be deemed suitable for astronomical observations from a given site.
For this purpose, astronomers or organizations usually follow the practice of comparing sky
conditions at various sites before determining where they would like to mount their tele-
scopes. In other words, site selection is generally preceded by a qualitative survey of site
conditions. Typically, the conditions or major factors that would be considered in such a
survey may include:

a. Meteorological conditions such as temperature, wind, humidity and atmospheric trans-
parency (clear skies), which is largely determined by cloud cover and water vapor or precip-
itation,

b. Cloud cover statistics,

c. Seeing, and

d. Sky brightness and extinction.

In addition, a typical comparison would involve two to six sites; a combination of existing
and potential future sites.

Extensive research has been carried out at characterizing cloud cover, and calculating
cloud statistics or seasonal changes (5) at specific astronomical sites. This information
is typically obtained by observing cloud conditions at the given site during the course of
a day. Cloud cover data during the night is not always readily available. At the same
time, evaluating the potential of new astronomical sites and observatories involves detailed
analysis over long periods of time of seeing; more specifically, a calculation of the percentage
of optically photometric nights and nights used for astronomical work (4).

The identification of potential telescope sites has proven to be a rather difficult task,
however, either because such sites are located in remote areas, where meteorological data may
be scarce or non-existent or because of the lack of manpower and equipment required to make
in situ measurements. Additionally, more human considerations such as politics, financial
considerations, and infrastructure considerations may play a crucial role. As a result, many
an organization has been discouraged in their search of a telescope site knowing what is
involved in site selection.

In spite of manpower and equipment limitations, one might intuitively suggest mon-
itoring meteorological data in several wavebands from geostationary satellites. Such data
might be able to provide a quantitative measure of cloud cover and precipitation, in addi-
tion to the possibility of comparing data from different sites. On the other hand, the level of
cloudiness, which can also be equivalently referred to as the percentage of clear skies, may be
determined by a ground observer. Another possible suggestion might be to set up identical
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cameras that can see all of the sky just like a human would, with almost the same, if not
better, limiting depth of field visibility. In the interest of saving manpower, these cameras
could be automated.

Following are two examples of projects that apply such an approach. In the first example,
the Global Oscillation Network Group (GONG) project (GONG) monitors the Sun with
identical instruments set up at various locations around the world. While they are able to
continuously track activity on the Sun, they do not perform site comparisons. In the second
example, in a recent survey and comparison of six sites (fig 1) performed in conjunction
by the South African Astronomical Observatory and the European Southern Observatory,
a comparative analysis was carried out on the fraction of time that conditions were clear
(photometric), transitional (spectroscopic), and usable (sum of clear and transitional) during
a given observing night(1).

This is where the global network of Night Sky Live (NSL) cameras comes proves useful.
These CONtinuous CAMeras, dubbed CONCAMSs, typically run under all weather conditions
from nautical sunset to nautical sunrise and record not only clear skies, but rain, fog, and
snow as well.

The Night Sky Live project’s main goal is to create a useful live view and continuous
record of the night sky (8). While its main objectives include education (7; 6) and primary
science such as tracking of bright stars (12) and monitoring highly variable and transient
phenomena (13), a miscellaneous role played by the project involves support science. For
example, astronomers might be interested in images for the information they provide about
weather and seeing conditions. Real-time opacity maps have been computed for several
CONCAM locations (11). ILmages are transferred to Michigan Tech via the internet and
uploaded soon after being acquired to a publicly accessible web server which can be inspected
by astronomers in neighboring domes, astronomers attempting to observe from a remote
location, or others generally interested in observing site conditions on any particular date
and time.

Results from the current paper may be considered a form of comparison at various sites
of the calculation of cloud cover statistics over the same period of time. These results may
be able to complement the surveys mentioned above in the following way: site evaluators
could use real-time images taken by NSL cameras to compare any particular site of interest
to other sites where these NSL cameras are located. This comparison could be carried out
either over a single night or over the course of a week, month or year. They could then use
these comparisons to rank the site being evaluated on a global scale. While the NSL images
may only provide limited information, and no meteorological details such as water content,
atmospheric turbulence (3), etc., they may still be useful to evaluate and compare just the
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ground-truth clarity of the skies at these sites.

2. NSL Project Sites

Fig 2 shows the locations of all CONCAMs that make up the NSL global network,
superimposed over a map of the world showing real-time composite satellite images of cloudy
patches at the time the image was created. Camera locations enable the project coordinators
to monitor the sky continuously, barring technical difficulties.

3. Procedure of Sky Comparison for 2004

Evaluation of the ground-truth clarity of the sky above a certain observatory was a
relatively tedious process. To this end, data and images from CONCAM’s archives were
visually inspected to estimate the fraction of time that bright stars were detectable in at
least half the sky during each month of 2004. Of the 10 sites where NSL cameras had been
installed until the present time, only 8 were considered for the aforementioned comparison.
The two sites not included were left out due to their less than normal overall functionality
and performance. Based on visual inspections of archived images from these 8 sites, it was
then possible to conduct a comparative analysis of the relative ground-truth clarity of the
skies by simply selecting only those images that fit the following two criteria:

1. at least 50% of the images were available for any given night, and 2. the instrument
operated and generated images for at least 50% of the time in any given month.

Each inspected image was assigned a number based on the fraction of stars detectable in
that image. At the end of each night, the numbers assigned to images from that night
were added and then divided by the total number of images that night to create a 'nightly
average’. Similarly, at the end of each month, a 'monthly average’ was obtained. These
'monthly average’ comparisons are presented at the end in table 1 and plotted as histograms
in figures 3 to 8.

An important point to note is that assessment of ground-truth sky clarity from visual
inspection of the images was carried out independent of intrinsic instrumental phenomena
such as lens condensation or camera noise.
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4. Discussion

From figures 3 to 8, one might ask why the histograms are missing certain bars for some
months. These missing bars correspond to "NA” (Not Applicable) in table 1. The reason
for this was because the CONCAM at the given site operated for less than 50

5. Summary & Conclusions

From the results presented in the previous section, including the lowest standard devi-
ations, Mauna Kea had the highest amount and fraction of clear nights during 2004. Note
that Cerro Pachon appeared relatively clear for the limited time since a CONCAM became
operational there toward the end of 2004. Our results also do not relate the number of
fraction of “photometric nights”, during which photometry could be carried out more stable
than a given standard.

Of course, site and stringency measurements at each of these sites might provide results
completely different from those presented in this paper. For example, in terms of high
altitude wind speed statistics, La Palma is considered to be one of the best sites in the
world (3), whereas Llano de Chajnantour, a high-altitude plateau in the Atacama desert in
northern Chile, which was chosen for the ALMA project, suggests almost 80% nights for
good astronomical research, a number higher than at Mauna Kea. In yet another study
(MtGraham), Mauna Kea and Chile were rated as being only marginally better than Mount
Graham in visibility and number of nights suitable for astronomy.

The goal of this paper is to create an annual comparison of ground-truth sky clarity at
sites where the Night Sky Live project has its cameras installed. This research will continue
in 2005 and is expected to be more complete at the end of this year. Processing software
is already able to generate opacity maps (11), which will facilitate better future annual
comparisons. We ultimately endeavor to accomplish this goal of an annual comparison in a
more automated fashion and include a comparison of photometric nights as well.
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Fig. 1.— Fraction of time that sky cover conditions were clear (photometric) and transitional
(spectroscopic) for a specific observing night (22:00 - 10:00 LST).



Fig. 2.— Night-Sky Live locations around the world, superimposed upon a world map show-
ing typical night and day zones (Walker), cloud conditions (UW), sun and moon locations,
and moon phase at a particular time



— 10 —

A. Appendi aterial  istogram legend

In the histograms presented here, the initials of each observatory are aligned along the
x-coordinate, while the y-coordinate denotes the fraction (or percentage) of ”ground-truth”
clear nights during that month.

The following legend indicates the observatory name by its initials:
CI - Canary Islands, Spain

WO - Wise Observatory, Israel

HL - Haleakala, Hawaii

MK - Mauna Kea, Hawaii

CP - Cerro Pachon, Chile

SA - Sutherland, South Africa

SD - Siding Springs, Australia

KP - Kitt Peak, Arizona

B. 2004 Statistical Results

Fig. 3.— January and February 2004



Fig. 4— March and April 2004

Fig. 5.— May and June 2004

Fig. 6.— July and August 2004
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Fig. 7.— September and October 2004

Fig. 8.— November and December 2004
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Table 1: Numbers supporting the histogram data presented in figures 3 to 8. NA implies
”Not, Applicable” | the reasoning for which is described in the ” Discussion” section.
Month CI WO HL MK CP SA SD KP
January 80 50 NA NA NA 66 56 58
February 66 NA NA 8 NA NA NA 71
March 83 51 NA NA NA NA 71 73
April NA 55 NA NA NA NA 78 63

May 8 66 NA NA NA 70 77 82
June 9% NA NA 78 NA NA 68 77
July 81 NA NA 8 NA NA 73 46

August 87 83 NA 90 NA NA 66 58
September 76 78 79 8 NA NA 76 76
October 69 58 7 NA 75 NA 64 T4
November 57 62 78 NA 60 74 71 56
December 72 % T4 79 95 75 73 83

Fig. 9.— Annual average of the comparitive ground-truth sky clarity for 2004
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Table 2: Data supporting the histogram results in figure 9. An annual avergae of the com-
paritive ground-truth sky clarity for 2004.
Cl WO HL MK CPp SA SD KP
early Average 7 64 NA 84 NA NA 70 68
Standard Deviation 10.88 12.25 2.568 4.893 17.45 4.072 6.455 11.58
Median 80 62 NA 8 NA NA 71 72




