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Abstract

Cloud cover plays a pivotal role in assessing observational conditions for astronomical site-testing. Except for the
fraction of observing time, its fragmentation also wields a significant influence on the quality of nighttime sky
clarity. In this article, we introduce the function I" € [0, 1], designed to comprehensively capture both the fraction
of available observing time and its continuity. Leveraging in situ measurement data gathered at the Muztagh-Ata
site between 2017 and 2021, we showcase the effectiveness of our approach. The statistical result illustrates that
the Muztagh-Ata site affords approximately 122 nights that were absolutely clear and 205 very good nights
annually, corresponding to I' > 0.9 and I" > 0.36 respectively.
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1. Introduction

In the pursuit of identifying the most appropriate astronom-
ical site to host large optical telescopes, a comprehensive
evaluation of observing conditions becomes imperative.
Factors ranging from cloud coverage and seeing to meteor-
ological parameters necessitate thorough consideration. Among
these, cloud coverage emerges as the paramount parameter
when assessing potential sites (Tapia 1992; Graham et al. 2005;
Sarazin et al. 2006). This parameter directly determines the
available observing time (hereafter referred to as AOT) of
telescopes. The enduring practice of cloud coverage monitoring
is an integral part in the procedure of site-testing for prominent
grand telescope projects (Schock et al. 2009; Carrasco et al.
2012; Varela et al. 2014; Cao et al. 2020).

A multitude of techniques is employed in the monitoring of
cloud coverage to quantify and assess the fraction of AOT
within site-testing endeavors. One approach utilizing data
extracted from satellite-borne instruments focuses on identify-
ing the AOT in multiband image pixels. Cavazzani et al. (2011)
presented a new homogeneous methodology to quantify the
observing nights for several potential sites in the western
hemisphere by the data extracted from GOES12. Wang et al.
(2022) devised a method to recognize observing nights and
analyze astronomical sites in Indonesia and China mainly
rooted in the Fengyun-2 (FY-2) satellites. Notably, the
augmentation of satellite data in terms of both time and spatial
resolution has propelled more precise identification of obser-
ving nights (Aksaker et al. 2015). However, the availability of
high-resolution satellite data coverage is not universal, and on-
site measurements are still a valuable supplement (Tian et al.
2016; Xin et al. 2020; Deng et al. 2021). Sequence image data
captured by all-sky cameras, subjected to manual or automated

processing, are used to analyze the fraction of AOT (Skidmore
et al. 2008). Irrespective of the data source employed, these
methods evaluate the AOT at the different temporal resolutions,
without accounting for the fragmentation of observing time
periods.

In the earlier paper, we reported on the statistical outcomes
of the cloud coverage during the period from 2017 to 2021, as
derived from all-sky cameras situated at the Muztagh-Ata site.
With reference to the definitions of clear and cloudy nights
posited in works such as Morrison et al. (1973) and Tapia
(1992), we calculated the fraction of AOT and observing nights
for our site. The Muztagh-Ata site can provide 227 observing
nights, 175 clear nights, and 169 nights with continuous
observations lasting over 4 hr annually (Xu et al. 2023). From
an astronomical perspective, we assert that continuous obser-
ving time (hereafter referred to as COT) holds as much
significance as the fraction of AOT for an observatory. In this
manuscript, we present a fresh criterion that takes into account
both the fractions of AOT and the degree of their fragmenta-
tion, thereby enabling a quantitative analysis of the quality of
nighttime sky clarity at the Muztagh-Ata site. The organization
of this paper unfolds as follows: Section 2 outlines our
methodology and presents the corresponding validation.
Statistical results of this method for our site are given in
Section 3. The conclusions are summarized in Section 4.

2. Method

The presence of drifting clouds in the night sky above
astronomical observatories can significantly diminish the
quality and effectiveness of telescopic observations. This effect
becomes particularly pronounced in certain types of observa-
tions, such as time-domain astronomy, where the intermittent
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Figure 1. The distribution of Fraction of AOT and Fraction of the longest COT for a total of 1598 nights from 2017 to 2021 is illustrated. The colors represent
different ranges of Gamma (I") values: red for I" € [0, 1), green for I" € [2, 3), cyan for I' € [3, 4), blue for I" € [4, 5), pink for I € [5, 6), orange for I € [6, 7), dark
green for I' € [7, 8), purple for I' € [8, 9) and gray for I" € [9, 10). The color bar in the graph also displays the color annotations corresponding to different I' ranges.
We have marked the nights where T' > 0.36 with asterisks (*) and the nights where T' < 0.36 with dots (-) for distinction.

passage of clouds leads to a loss of valuable information. Even
among nights with comparable fractions of AOT, there are
variations in the extent of COT. It is unequivocal that the most
optimal night is the one characterized by the longest COT.
Thus, it becomes imperative to evaluate the quality of nights by
considering both the fraction of AOT and the degree of its
fragmentation. To address this concern, we introduce a
criterion function formulated as follows

2
r= 2w, o —(ﬁ) + 2(ﬁ), )
Nr Nr Nr

where k; is the length of the ith COT of one night, w; € [0, 1] is
the weight and N7 is the length of the night. I' can more
accurately describe the quality of sky clarity during the whole
night than only using the length of AOT or COT. Our data set
is sampled at 5 minute intervals. To better define continuous
observation time periods, we have established a threshold: If
observations are interrupted for five minutes or longer due to
cloud cover within a time interval, we consider our continuous
observations to be interrupted. In addition, if a brief observable
time occurs during a continuous non-observable time, we assert
that there must be at least 10 minutes or more of observable
time to acknowledge the presence of an observable time
interval. During the period from 2017 to 2021, we calculate the
value of I" for the nights that all had a record of all-sky images

for more than 50% of the nighttime. Finally, we obtained
statistically significant data for 1598 T' functions. The
scatterplot in Figure 1 displays the fraction of AOT values
and the longest COT duration for each of the 1598 nights we
calculated, corresponding to different I" values. In Figure 1, the
heatmap uses different colors to represent I' values in distinct
value ranges. To enhance visibility, we have marked data
points with I" > 0.36 using asterisks (*) and data points with
I" < 0.36 using dots (-). We regard I' = 0.36 as a threshold; on
nights with " > 0.36, the site can offer at least 50% AOT and
continuous observations for over 32% of the night, averaging
above 60% AOT and over 40% COT. This also simultaneously
meets the criteria we previously defined for observing nights
(Xu et al. 2023). Therefore, we define nights with I" > 0.36 as
very good nights with relatively high observability and
observational continuity and those with I" > 0.9 as absolutely
clear nights, during which observations can essentially be
carried out throughout the night.

The I' values of each night during 2019 September and
October are exhibited in Figure 2. This figure includes the
fractions of AOT and the duration of the longest COT for each
night. A noteworthy instance is observed from September 17 to
30, where continuous clear conditions prevailed throughout the
entire night, yielding I'=1. The I" value for October 8 was
lower compared to October 6. This discrepancy primarily arises
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Figure 2. I' (red stars) and the fraction of AOT (light blue) and the longest COT (dark blue) for the nights in 2019 September and October.
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Figure 3. The hourly distribution of observable time, on the nights of 2021 May 13th and 30th, is depicted. The blue areas represent the observable time, with two
segments of observability on May 14th and five segments on May 31st. The corresponding I' values for each night are indicated in the graph.

due to the fragmentation of AOT during the former night,
despite having a slightly higher fraction of AOT than the latter.
Figure 3 illustrates the AOT distribution on the nights of 2021
May 13th and May 30th. These two nights had nearly identical
AOT and the longest COT. However, due to more fragmented
observable periods on the night of May 30th, the I' value was
0.28. The same AOT and the longest COT can result in
different I" values due to varying degrees of fragmentation. It is
worth mentioning that due to the geographical location of the

observatory site, astronomical twilight occurs relatively late in
the summer, sometimes approaching midnight. That is also
why the start times for the two nights in Figure 3 are both at
0:00 of the following day. Figures 1, 2 and 3 all serve to
substantiate the practical efficacy of this method.

3. Analysis for the Muztagh-Ata Site

The nights for which we have computed I' values all had a
record of all-sky images for more than 50% of the nighttime.
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Figure 4. Statistical distribution of I" for the 1598 nights from 2017 to 2021.
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Figure 5. Monthly mean I" value (red dots) and the proportion of different lengths of COT during nighttime at the Muztagh-Ata site.

Over the five years, we gathered a total of 1598 nights for the I'
calculation, constituting 87% of the entire period. The
statistical outcomes for these 1598 nights are presented in
Figure 4. There were 522 nights exhibiting I' > 0.9, signifying
absolutely clear nights, while 888 nights surpassed the
threshold of I" > 0.36. This site can provide 122 absolutely
clear nights and 205 very good nights annually.

Further, we have conducted a monthly statistical analysis to
discern the fractions of four ranges of COT within nighttime.
The outcomes are depicted in Figure 5, wherein the red line
traces the monthly mean I" values. Through this approach, we
identify January as the month with the best nighttime cloud
coverage, with an average I' value of 0.64. Comprehensive
details regarding the mean number of nights characterized by
I'>0.9 and I" > 0.36 are enumerated in Table 1.

In our previous paper (Xu et al. 2023), an observing night
was defined as one with AOT exceeding 50%, while a clear
night was designated when the AOT surpasses 75%. The

Muztagh-Ata site can provide an average of 175 clear nights
and 227 observing nights per year. Within the data set of 1598
nights spanning from 2017 to 2021, we identified 744 out of
812 clear nights where the COT exceeded 50% of the night,
and 902 out of 1052 observing nights with COT extending
beyond 40%. These statistics indicate that the presence of
passing clouds is not a frequent disruption during either clear or
observing nights at the Muztagh-Ata site. The site can offer
approximately 160 clear nights with COT exceeding 50% and
195 observing nights with COT exceeding 40% each year. A
summary of the proportions for clear nights, observing nights
and non-observing nights corresponding to different lengths of
COT is presented in Table 2. Additionally, we analyze the
fragmentation of observing time across the other 546 nights.
Results reveal that 126 of these nights still exhibited COT
extending beyond 20%, which translates to approximately 61
hr of potential observing time per year during non-observing
nights.



Research in Astronomy and Astrophysics, 24:035003 (5pp), 2024 March

Table 1
Monthly Statistics on the Number of Nights I' > 0.9 and I > 0.36 at the
Muztagh-Ata Site

Month I'>09 I'>0.36
Jan 14.3 22
Feb 11.9 18
Mar 6.9 15.3
Apr 6.5 14.8
May 11.2 17.1
Jun 8.1 15.3
Jul 7.1 13.6
Aug 5.8 12.6
Sep 14.7 20
Oct 10.5 18.6
Nov 11.2 19.9
Dec 14.2 19.7
yearly 122.4 205.4
Table 2
Proportion of Different Lengths of COT in Clear and Observing Nights
COT
>220% 230% >240% >50%  >60%

Clear Nights (812 days) 100% 99% 96% 92% 85%
Observing Nights 99% 94% 86% 77% 69%

(1052 days)
Non-observing Nights 23% 10% ~ ~ ~

(546 days)

4. Conclusion

In this paper, we introduce a fresh approach for quantita-
tively assessing nighttime cloud coverage at astronomical
observatories and potential sites. This method provides a
comprehensive evaluation by considering both the extent of
AOT and its fragmentation. Employing this method, we
analyze the fragmentation of AOT across an all-sky image
data set encompassing 1598 nights, spanning the five years
from 2017 to 2021 at the Muztagh-Ata site. The outcomes
verify the validity of this approach.

Gu et al.

Our study yields more accurate monthly statistics regarding
nighttime cloud coverage at the Muztagh-Ata site. We ascertain
that the site offers approximately 122 absolutely clear nights
each year, as well as 205 very good nights each year. Absolutely
clear nights offer a minimum of 90% or more observation time,
with the fraction for continuous overnight observations exceed-
ing 90%. Very good nights provide an average of over 60%
observation time, with the fraction of continuous overnight
observations surpassing 40%, ensuring at least 50% of observ-
able time. Remarkably, over 92% of clear nights and 77% of
observing nights with COT extending beyond 50% of the
nighttime hours are realized at this site. These findings reveal the
remarkable advantages of nighttime sky clarity this site presents
for astronomical observations.
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