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THE IMPACT OF THE SITE QUALITY OF THE ZADKO OBSERVATORY
ON ITS SCIENTIFIC RESULTS

Bruce Gendre1,2,3, Richard Tonello4,5, Mitchell Studdert4,5, David Coward1, Alain Klotz6, Eloise Moore1,
John Moore1, and Fiona Panther1,7

RESUMEN

Presentamos el estudio de la calidad del cielo del Observatorio Zadko, centrándonos en el brillo del cielo y
los efectos del clima en la eficiencia del observatorio. Discutimos estos efectos y sus consecuencias para los
objetivos cient́ıficos del observatorio. Como se esperaba, la calidad general del cielo ha disminuido durante la
última década. Sin embargo, esta disminución se debe principalmente al patrón climático en el emplazamiento
más que a la contaminaciń lumı́nica. Ponemos énfasis en que lo importante es la preservación de la oscuridad
del cielo para los observatorios pequeños, con el fin de estabilizar la degradación global de la calidad del sitio,
ya que esto impacta directamente el retorno cient́ıfico de las observaciones.

ABSTRACT

We present the site quality of the Zadko Observatory, focusing on the brightness of the sky and the effects
of the weather on the efficiency of the Observatory. We discuss these effects and their consequences for the
scientific goals of the Observatory. Without surprise, the overall sky quality had decreased during the last
decade. However, this decrease is mostly due to the weather pattern at the Observatory rather than the light
pollution. We put an emphasis on how important the preservation of the sky darkness is for small observatories,
in order to stabilize the global degradation of the site quality, as this directly impacts the scientific return of
the observations.

Key Words: History and philosophy of astronomy — Site testing — Atmospheric effects — Light pollution

1. INTRODUCTION

The Zadko Observatory is located approximately
70 kilometres north of Perth in the Shire of Gingin,
Western Australia (Coward et al. 2017; Moore et al.
2021). It hosts the 1.0 m RitcheyChrtien f/4 Zadko
Telescope, which was installed in June 2008; this
telescope is the only fully robotic telescope hosted by
a Western Australian University (UWA), and is the
only metreclass optical facility at this southern lati-
tude between the east coast of Australia and South
Africa. At the time of its construction, the Zadko
Observatory was a state-of-the-art facility, and for
many years the Zadko Telescope performed obser-
vation campaigns in collaboration with various Aus-
tralian and international research teams (Coward et

1University of Western Australia, OzGrav ARC Centre of
Excelence, 35 Stirling Highway, M013, 6009 Crawley, WA,
Australia.

2Present address: University of the Virgin Islands, 2 John
Brewer’s Bay, St Thomas, 00802, VI, USA.

3Email: bruce.gendre@gmail.com
4Gravity Discovery Center, 1098 Military Road, 6503 Yeal,

WA, Australia.
5Chiro Observatory, IAU code 320.
6IRAP, Universite de Toulouse, CNRS, CNES, UPS,

31401, Toulouse, France.
7Forest Fellow.

al. 2011). This is mostly due to the Observatory
being in a very desirable location: some parts of
the sky can be observed only from the west coast of
Australia in night conditions in the early morning.
This has provided a niche opportunity for engaging
in pure research collaborations, international part-
nerships and research training on site (Laas-Bourez
et al. 2011), with approximately one hundred scien-
tists both National and International having worked
with the Observatory. Since that time, the observa-
tory has expanded to host several other instruments,
which are devoted to various research or commercial
programs.

In a companion paper (Moore et al., these pro-
ceedings), we have described how the global opera-
tions of the observatory are managed. In this paper,
instead, we will focus on the scientific goals of the
observatory, and how the quality of the site impacts
those goals. In Section 2 we will explain the scien-
tific goals of the Observatory. In Section 3 we will
explain how the darkness of the sky is impacting our
goals and how we try to mitigate this effect. In Sec-
tion 4 we show the effect of celestial bodies on the
observations. In Section 5 we will describe in more
detail the effects of the weather on the assets of the
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50 GENDRE, ET AL.

Fig. 1. Evolution of the mean darkness of the sky along
the year, with the effect of the Galactic bulge clearly
visible. The measurements have been taken at the start
of the night, explaining why the effect of the Galactic
bulge is at its maximum a couple of months before it
reaches the zenith.

Observatory, before concluding. A forthcoming pa-
per (Gendre et al., in preparation) will explore in
more detail the weather patterns at the Observatory
which are not addressed here.

2. SCIENTIFIC GOALS OF THE
OBSERVATORY

Historically, the Zadko Observatory has been
used to study the transient sky (Coward et al. 2010),
and particularly explosive events, such as gamma-ray
bursts, supernovae, and the emitters of gravitational
wave sources (LIGO Scientific Collaboration et al.
2012; Andreoni et al. 2017; Antier et al. 2020; Gen-
dre et al. 2021). However, due to the transient and
random nature of these events, the Observatory was
using fillers such as asteroid observations, long term
monitoring of red dwarf stars, satellite follow-up, or
even space junk monitoring (Zic et al. 2020; Micheli
et al. 2021).

However, Australia is expanding its role in the
space sector, both commercially and in strategic de-
fence. Space situational awareness programs, for in-
stance, are an increasing priority. Space debris can
be a serious hazard for commercial, communications,
military and research satellites.

Potential Earth colliders, so-called hazardous
Near-Earth Objects (NEOs) (Gladman et al. 2000)
are another well-known threat and are usually de-
tected only a few hours before impact, and can pose
a direct hazard to human activities. Space agencies,
such as ESA, monitor the sky continuously to pro-
vide an early warning for such an event, of which
the Zadko Telescope has been utilized for this task
in the preceding few years (Conversi et al. 2021).
All of those programs are now routinely run at the
Observatory, and with the current upgrade of the
facility, it is foreseen they will take more and more
importance.

Fig. 2. Breakout of the sky luminosity along one Moon
cycle, averaged over 12 months. The new moon is located
at phase 0.

One of those programs, for instance, uses the
Zadko Telescope to perform follow-up of radio obser-
vation of asteroids (Kruzins et al., in preparation).
This kind of program requests a long duration follow-
up, as the celestial body is in rotation, with a stable
sky transparency, and a low brightness of the sky,
due to the objects being very faint. In the follow-
ing, we will use this program as a template for our
considerations.

3. IMPACT OF THE DARK SKY AND HOW TO
MITIGATE LIGHT POLLUTION

The Zadko Observatory has been established on
a pre-existing scientific precinct, beside another Ob-
servatory aimed at outreach activities, the Gravity
Discovery Center Observatory (hereafter the GDC
observatory)8. It was constructed in 2009 with, at
that time, no controls to evaluate or mitigate the ef-
fects of light pollution. However, with the continued
expansion of Perths northern suburbs it was noted
there has been a significant increase in light pollution
on the southern horizon (Falchi et al. 2016). In fact,
under favourable conditions of low humidity and no
cloud the light dome extends to an altitude of ap-
proximately 25 degrees above the southern horizon.
In the case of unfavourable conditions, the light pol-
lution can reach an altitude of 35 degrees above the
southern horizon.

Starting in 2018, astronomers at the GDC ob-
servatory, preoccupied by the increasing glow of the
sky and its impact on the outreach activities, began
monitoring of the sky brightness and management
of onsite lighting to reduce the effects of local light
pollution on both the Zadko and GDC observato-
ries. For this purpose, they established the Gingin
Dark Sky Reserve, which encompasses 3211 Km2 of
protected dark sky, centered around the GDC and
Zadko Observatories.

8See https://gravitycentre.com.au/wp-
content/uploads/2023/12/Annual-Report-2022-2023-Final-2-
1.pdf for more information
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They started by replacing the majority of out-
door lighting on the site, and brought them into
compliance with international dark sky standards.
The impact of that local light pollution on the ob-
servatories was however insignificant, as one could
expect: most of the issues arises from the diffused
light and not the direct sources (Hänel et al. 2018).
In fact, observations taken in 2023 (Gendre et al. in
preparation) have shown that with all onsite lighting
turned on, the the limiting magnitude at zenith was
reduced by only 0.1 magnitude.

The GDC astronomers also started to continu-
ally monitor the sky quality, in order to record any
changes, establish trends, and assess whether local
light pollution has increased/decreased within the
reserve. For that purpose, a Unihedron SQM-LU
sky quality instrument has been installed on the roof
of the GDC observatory, together with an array of
detectors within the reserve itself. These observa-
tions demonstrated that the light pollution dome
from Perth is the largest factor in limiting magnitude
(as it can be also infered from Falchi et al. 2016),
with an effect of 0.5 magnitudes.

With the dark sky reserve, centred around the
Gingin Gravity Precinct to help mitigate the ingress
of light pollution towards the observatories, and a
strict lighting management plan in place within 40
kilometres around the observatories, the sky qual-
ity started to stabilize. With all those efforts,
the current sky brightness is at mimimum 21.4
magnitude.arcsec−1, which gives the limit of what
can be observed on site.

4. EFFECT OF CELESTIAL BODIES ON OUR
SCIENTIFIC GOALS

Natural celestial bodies can also affect the sky
background (Falchi et al. 2016; Hänel et al. 2018).
While this is barely noticeable within cities, in a
modern observatory, established at a reasonable dis-
tance from light pollution, the sky transparency al-
lows one to notice the effect of the Galaxy bulge,
which rises in the sky in April, and passes close to
the zenith in June-July in the Southern hemisphere.
In Figure 1, it is possible to see that the Galaxy has a
0.2 magnitude effect on the sky luminosity, and that
the best period to observe faint objects is during the
Southern Hemisphere’s Spring.

Another effect clearly at play is the effect of the
Moon, as anybody could guess. We present it on
Figure 2. Following the standard naming convention
(clear nights being the nights close to the full moon,
and dark ones being close to the new moon), clear
nights are about 3 magnitudes brighter than dark

Fig. 3. Mean efficiency of the Zadko Observatory during
a typical year, averaged over one month, and using the
same method than in Figure 4. One can clearly see the
effect of the wet season.

nights, and this has some obvious consequences on
the faintest objects one can detect with the Zadko
telescope: during clear nights with full moon, it is
very difficult to detect objects fainter than about
18.5 magnitudes.

This has some consequences, as the asteroids ob-
served for the current program are ranging in lumi-
nosity between 12 and 20. While there is no restric-
tions for bright objects, this can bias our observation
program toward nearby or large events (i.e. those
which are reflecting more light and/or presenting less
attenuation due to the distance). For this reason, it
is clear that it is impossible to dedicate the Zadko
telescope to a single class of event, and that the sci-
entific scheduling of the observations has to be care-
fully planned.

5. IMPACT OF THE WEATHER AND HOW TO
PROTECT THE ASSETS

The second important effect one has to consider
is that of the weather, particularly the rain and the
humidity (Abbot et al. 2021). It is obviously not
desirable to have the roof of an observatory open
whilst it is raining, which in turn can have a serious
impact on available viewing time. As most modern
observatories use electronic cameras which have a
given working range for temperature, humidity and
pressure, it is the responsibility of the observatory
operators to maintain those parameters in the cor-
rect range to protect these valuable assets. A normal
operation efficiency is of the order of 60% for a pro-
fessional observatory not located on a top quality
site (Abbot et al. 2021). In Figure 3 we present the
efficiency of the site for the year 2023.

Our overall operation efficiency is of the order of
80%, which is very good for an observatory like the
Zadko Observatory, with some months being near
an efficiency of 100%. Those nights are mainly dur-
ing the hot, dry season (traditionally known as ”Bi-
rak” by the Noongar People). This is confirmed with
more granularity (as displayed in Figure 4): for a
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Fig. 4. Efficiency of the Zadko Observatory, expressed as the amount of time the roof was opened vs the amount of
available time during a given night. The dotted red line represent the Siding Spring Observatory efficiency measured in
2006, as indicated in Sackett (2006)

fair amount of nights within the year we reach an ef-
ficiency of 100%. However, one can clearly see that
most nights have a period of some minutes to a cou-
ple of hours of closure, due to the humidity coming
from the sea. In winter there are many rainy and
foggy nights preventing operation during the whole
night.

This has some consequences on how long a con-
tinuous observation can be. While during the sum-
mer it is possible to have long observations, this is
not the case during the winter. Indeed, one effect
not presented on these figures is the rapid evolution
of the seeing of the site (which can change dramati-
cally within minutes), indicating that there are cloud
sheets passing through the sky (see Gendre et al. for
a full discussion of this effect). Each of them can trig-
ger the closure of the roof to protect the observatory
assets, blocking a continuous observation. One can
consider that observations undertaken at the Zadko
Observatory need to factor in that they won’t be
continuous, except during the good season. This
has consequences for all observation policies, and re-
quests specific methods of data analysis to correct
its effects within the data.

6. CONCLUSION

The Gingin Gravity Precinct, despite it being
close to a major source of Light Pollution (Perths
northern suburbs), was the logical place to locate the
Zadko Observatory. With its established infrastruc-
ture, education and research programs, the Precinct
is the perfect place to instigate, demonstrate and
educate people. However, this has not taken into
account the scientific goals set for an Observatory.
Without constant evaluation and monitoring of the
site parameters, it is clear from the recent data col-
lected that the scientific astronomical activities of
the Zadko Observatory may be at risk.

The current measures to continue to improve the
darkness of the sky include that all external light fix-
tures are to be shielded or mounted underneath the
awning of buildings to mitigate the amount of stray
light scattered up into the air, and to have a colour
corrected temperature of 3000K or less. At greater
distance from the Observatory, a buffer zone of 3211
square kilometres had been created, in which the
GDC astronomers are working with the local gov-
ernment to change public lighting to be dark sky
compliant. Finally, a public education campaign is
also in place to educate the locals on the effects of
light pollution which can assist in mitigating its lo-
cally.

Albeit the dark sky reserve project was initiated
to protect:

• Astronomical Education and Tourism;

• Astronomical/ Astrophysical Research;

• Local Aboriginal Cultural Heritage;

• Local Wildlife, Bird, Insect, amphibian and
Coastal marine life and habitats found within
the local ecosystem

it has been of great help to mitigate the degrada-
tion of the dark sky quality. Future monitoring with
upgraded equipment will give a better sample of the
effect of local and distant light pollution domes and
their impact. It will also assist in the annual report-
ing required by Dark Sky International (formerly In-
ternational Dark Sky Association) to demonstrate
the continual protection of the accredited Dark Sky
Reserve.

Unfortunately, the climate change within the last
few years has had some more serious effects, with
some years being particularly humid, and an increas-
ing trend of rainy nights preventing the observatory
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to stay operating the whole night. It is not possible
to really mitigate this effect, but rather to take it
into account when defining the future priorities and
scientific goals of the observatory: the scientific pol-
icy of any observatory has to be revised from time to
time to reflect changes in local conditions. Not do-
ing so will only bring frustrations when the previous
goals are not fulfilled or no longer attainable.
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