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Abstract

Light pollution is an anthropogenic by-product of modern civilization and
heavy economical activity, sourced from artificial light. In addition of its
detrimental impact on human and ecology, light pollution brightens the night
sky, limiting the range of visible astronomical bodies detected by naked-eye.
Since it is becoming a global concern for astronomers, the level of light
pollution needs to be monitored to study its mark on the astronomical data.
Using Sky Quality Meter in the period of 5 months, we investigated the links
between city population and its vicinity from the city center towards the profile
of the night sky and the limiting magnitude of the naked eye. We eliminate
the data factored by clouds and moon brightness on account of it has an
adverse effect on sky brightness that could disrupt research on light pollution.
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From the result, we can see population and location distance from the city
as major variables of light pollution, as Kuala Lumpur, a city center sky is
5 times brighter than Teluk Kemang, a suburban sky. Some recommendation
in reducing the effect of light pollution will be also discussed.

Keywords:Anthropogenic pollution, Light pollution, Population, Night sky
brightness, Limiting magnitude.

1 Introduction

One of the massive downfalls of the modern civilization is the alteration of
the natural environment, which include ambient light alteration in the night
sky. The man-made light, or artificial light produces a sky glow, that scattered
vertically, then returned back into our sky by the atmosphere making the
sky brighter and disrupts the suppose night sky ambient. This phenomenon
classified as one the human pollution towards the environment and it is called
light pollution [1].

Increase in human population density in a certain location parallels with
growth in economic and social infrastructure. However, this unstoppable
economic growth and population development crops a massive light output
through their street light and giant building spotlight that is directly propor-
tional to the light pollution [2]. This trends keeps deteriorating, without people
realizing it could damage the environment and the health of living things [3].
The truth is people find other issue more important although they concerned
about the environment [4].

Naturally, human need a steady cycle of day and night hours throughout
their life. The exposure of the artificial light imitates the sun brightness that
disrupt the efficacy of melatonin in phase shifting circadian rhythms [5].
This disruption can cause widespread interruption of multiple body systems,
resulting in serious medical consequences for individuals, such as bad job
performance, increase in weight and even as bad as cancer [6].

Besides human, the light pollution can also affect animal. Throughout
the synodic month, the night sky brightness is shaped by rhythmical shift of
celestial object, namely moon. The night sky brightness varies from highest
when the full moon and lowest at the new moon. Animal, bug, and all
other living things acclimatize their life activity and cycle according to the
synodic month cycle. Unfortunately, when monthly periods of sky brightness
is interfered by artificial light, it hampers their harmonious life cycle [1].
The nightly routine of insects [7], birds [8] and turtles [9] is threatened as
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Figure 1 The effect of light pollution on living organisms [10].

it distorts their nocturnal nature [10], encompassing from foraging, mating,
hatching and night navigation [11].

In terms of astronomy, the ground-observable astronomical bodies in the
sky are determined by the contrast of these bodies with the night sky brightness
[12]. The human eye has a certain contrast threshold [13] in detecting a dim
celestial object in the sky [14]. The detection of celestial object on a certain
night sky is quantified as Bortle scale [15], which believed to be application of
knoll experiment. A highly polluted sky with low magnitude of sky brightness
will lower the amount of celestial object visible to both naked and optical
aid observation [16]. This make light pollution is the major concerns of
astronomers considering its effect on ground based observation especially
on optical and radio observation [17]. Therefore, it is an utmost importance
to monitor the light pollution level to stress out its mark on astronomical
data. According to the Garstang [18], the night sky brightness varies from one
location to another location, depends on the element of population, economic
activity and location distance from the nucleus of the population. A lowly
populated area has a high viewing chance of multiple astronomical bodies
compared to the heavily dense area [19]. Concerning about this problem, we
examined the character of night sky brightness in selected areas in Malaysia.
The purpose of the examination is to study the magnitude of sky brightness
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from different location profiles and to determine the number of celestial objects
in the spectrum of naked eye visibility in respect to the locations. Since the
zenith sky brightness signify the level of light pollution at that particular
location [20], we can see the pattern of light pollution from two different
location profile.

2 Methodology

2.1 Instrument

In this study, we will use SQM to determine the sky brightness of the night
sky. The Sky Quality Meter (SQM) is a pocket device, to evaluate the sky
brightness in the unit of mag/sec2 developed by Unihedron. SQM use a light
intensity to frequency detector, which then convert the output in digital LED
reading. The sensor is covered by a near-infrared blocking filter to make sure
the brightness reading is on the visible wavelength spectrum.

fo = Fd + (Re)(Ee) (1)

Where

Fo is the output frequency,
Fd is the output frequency for dark condition
Re is the device responsivity for a given wavelength of light given
in kHz/(μW/cm2)
Ee is the incident irradiance in μW/cm2

The output frequency is then converted into magnitude in the mean of formula

m = −5/2(log(fv/Jy)) + 8.9 (2)

Where

Fv is the spectral flux density or output frequency
Jy is the constant unit of Jansky

2.2 Site Survey

In this study, we stationed the SQM in two locations that have different site
profile in terms of population density and its vicinity from the city center. These
locations are classified as urban and suburban site, named Kuala Lumpur and
Teluk Kemang respectively, and been pinpointed on the map by white mark.
Figure 2 demonstrates the radiance map layered with population, courtesy
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Figure 2 Irradiance mapping of Kuala Lumpur and Teluk Kemang.

of Jurij Stare1 which is from night time radiance composite images using
Visible Infrared Imaging Radiometer Suite (VIIRS) Day/Night Band (DNB)
produced by the Earth Observation Group, NOAA National Geophysical Data
Centre. As you can see from the map, Kuala Lumpur is located at the center
of the city, with a population of 1,674, 621 people in an area of 242.7 km2,
meaning it has the density of 6900 inh/km2. While Teluk Kemang is located
just at the 4 km from the city center Port Dickson, with a population of
115 361 in an area of 575.76 km2, indicates it has the density of 200.4 inh/km2.
To monitor the overall light pollution, the measurement of night sky brightness
is taken in the period of 5 months, from August to December.

Ten nights of hourly data are taken per month in Kuala Lumpur as heavy
population traffic and close proximity to city suggest an inconsistency in sky
magnitude thus longer hours of monitoring is needed for calibration to yield
the actual night sky brightness data. On the other hand, single night per month
is enough to represent the night sky brightness in Teluk Kemang, since it has
a far distance from the city nucleus and dormant human activity.

Besides site distance from the city and its population density, there a
few variables that could deviate the magnitude reading from the actual sky
brightness. These variables occur naturally to any place in the world, namely
the amount of cloud in the sky and the brightness of the Moon. Considering

1www.lightpollutionmap.info



6 M. S. Faid et al.

Malaysia climatology and the moon brightness [21], we expected the data
to be fluctuated throughout measurement period, however, this data can be
calibrated with a series of step.

2.3 The Sky Brightness Fluctuation
from Cloud Cover Amount

One of the important aspects that could affect the sky brightness is the amount
of cloud cover. In the case of Malaysia, the magnitude inconsistency of sky
brightness is the result of the natural climatology of cloud in Malaysia which
have a 65–95 percent amount of cloud cover in the sky throughout the year
[22]. An overcast sky has a massive impact on the brightness of the night sky
ranging from 3 to 18 times darker than clear sky depending on the location
profile [23].

The high reflectivity of cloud reduces the amount of incoming solar
radiation absorbed by the Earth-atmosphere system by increasing the albedo.
Henderson describes the relationship between cloud and radiation of the sky
by [24]:

Net = S(1 − a) − F (3)

Where the net is the net radiation at the top of the atmosphere, S is incoming
solar radiation or artificial light, α is albedo of the earth-atmosphere, and F is
the infrared emission of space by the system. This equation indicates that an
increase of cloud amount, will increase the albedo, which in our cases the sky
brightness. We implemented the Okta Scale to study the effect of the cloud
amount to the brightness of the sky in Okta Scale in 8-point scale ranging
from 0 (completely clear sky) to 8 (fully covered sky). A study by Kocifaj and
Solano Lamphar simulate that distance plays an important part for night sky
irradiance due to cloud cover [25], and since Teluk Kemang is far from the
city center for its night sky to be effected by the cloud, we do not include the
analysis of Teluk Kemang’s Okta Scale.

2.4 Effect of Moon Phase on Sky Brightness

After the effect of the cloud, the Moon is the highest natural contributor of
the sky brightness. The Moon’s scattered radiation depends on its altitude
and phases, where we calculate the elliptical coordinate from Jean Meeus
algorithms [26] and the moon phase is calculated from Smith [27]. Jason
formulated that the moon scattered radiation can influences the night sky
brightness up to 7 magnitude difference [28] which when full moon at its
maximum brightness. A moon phases more than 0.5 in has long hour regime
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in the night sky while the full moon (phases > 0.9) is above the horizon all
night. In this study, we will examine the magnitude reading of the night sky
that has the lowest yield of sky brightness from average magnitude reading
and eliminate the data that show a clear influence of moon brightness, when
moon phase > 0.5.

2.5 Naked Eye Limiting Magnitude

By eliminating the data affected by cloud cover and moon phases, we then can
obtain to actual yield of night sky brightness on that particular location. The
difference pattern of night sky brightness at both location is then determined
and the naked-eye range of visible astronomical bodies. The determination of
the visible celestial object by the naked eye is expressed in the log of the night
sky brightness magnitude (m) with formula [29] derived from Knoll, where
NELM is the naked eye limiting magnitude.

NELM = 7.93 − 5 × log(104.316−(m/5)) + 1 (4)

From this formula we can predict the visible object in the sky theoretically in
respect of the distinction of both site profiles. The prediction is based on the
Bortle Scale theory, relevant to the location characteristic.

3 Results

3.1 Light Pollution Data

The trends of the sky brightness at both stations throughout August until
December are shown in Table 1. Cloud and moonlight are the major factors
for the fluctuation trend of the graph. Malaysia was struck by a massive haze
by November and September but the effect of haze can be accounted as same
as the effect of cloud cover. Both suburban and urban sites indicate a stable
difference between both of them, with urban sky brightness is 2 to 4 magnitudes
brighter relative to the suburban site, under the same month and the same
meteorological conditions. At a glance, we can agree that the population and
their artificial light play a major explanation of the difference in magnitude,
evidently shows that it is the cause of light pollution.

Since August 2015 until December 2015, a total of 55 raw data from Teluk
Kemang and Kuala Lumpur. Of the Sky Brightness data collected, 50 data
came from urban station Kuala Lumpur, while the rest is from suburban station
Teluk Kemang. Table 2 presents the combined statistic. The total data average
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Table 1 Sky brightness throughout 5 months

Table 2 Sky brightness data
Location (Name) Raw Data Average Standard Deviation
Urban (KL) 50 16.19 0.45
Suburban (TK) 5 19.30 0.78
Total 55 16.20 0.91

is 16.2. As mentioned before, the sky brightness at the urban location show
a lower average magnitude, therefore the sky brightness is higher or brighter
than suburban location. The mean difference of magnitude from urban location
Kuala Lumpur, with average 16.19 and suburban location Teluk Kemang, with
average 19.30 is 3.11.

This implies the urban location Kuala Lumpur is 17 times brighter
than rural location Teluk Kemang.2 The combined histogram of Night Sky
Brightness recorded in Figure 3. Since data from suburban location Teluk
Kemang is a lot less than data from urban location Kuala Lumpur, it is
being scaled so that it is comparable relatively. The largest difference of sky
brightness in magnitude from urban location and suburban is 6 mag/sec2 or 251
brighter in observed luminosity. The highest frequency at urban location Kuala
Lumpur is around 16 mag/sec2, while at suburban location Teluk Kemang is
19 mag/sec2. Both of these values are affected by the natural climatology
of Malaysia that has a high amount of cloud cover in the sky throughout
the year.

2Magnitude in brightness operates in log by the base of 2.512. Therefore, the difference in
mag, x, refers to flux ration of 2.512x.
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Figure 3 Relative frequency of brightness magnitude.

3.2 Cloud Cover Effect

The Okta relationship with night sky brightness is being portrayed is Table 3.
At lower magnitude, which less than 17, the data is densely distributed at 6–8
Okta Scale, while at magnitude higher than 17, we can see the data sparsely
dispersed at 2–5 Okta Scale. The lowest value of sky brightness is 17.59 on
the Okta Scale 2 or 31 percentage of cloud cover. A full clouds cover in the
sky will contribute around 1.62 difference in sky brightness or 4.4 brighter

Table 3 Average magnitude over Okta scales
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than cloudless sky. From a total of 55 data of sky brightness, a few data with
magnitude less than 16 come to our attention.

3.3 Moon Phase Effect

The altitude of the moon during night depends on the phases of the moon.
During the highest phases, or full moon, the moon altitude is always above
the horizon throughout the night, making sky brightness data collection is
not ideal. Table 4 exhibits that 4 of our data was clearly affected by the
full moon, bringing a massive 2 magnitude difference in brightness from the
lowest count of sky brightness, 17.59, or 6.5 times brighter. In early September
until mid-November, Malaysia climatology is being stricken by terrible haze
that obstructs optical depth of seeing. The aerosol particles contained in the
haze scattered and absorb the artificial light making our sky brighter. This
explains why data 5–10 have magnitude less than 16 even though it is not
at the full moon. The effect of haze, at the maximum Air Pollution Index
has contributed 3.52 differences of magnitude or 25 times brighter than the
normal sky.

3.4 Naked-Eye Limiting Magnitude

By studying the natural phenomenon can that affect the sky brightness, at
a normal percentage of cloud cover and neglecting the data at moon phases
larger than 0.5, we can agree that 17.59 is the average brightness of the normal
sky at urban location Kuala Lumpur and 19.28 is the average brightness of
the normal sky is suburban location Teluk Kemang, portrayed in Table 5.

Table 4 Sky brightness & moon phases

No. Mag. Moon Phases

1 15.97 0.99

2 15.09 0.98

3 15.16 0.97

4 15.97 0.94

5 15.78 0.27

6 14.26 0.24

7 14.55 0.16

8 15.37 0.09

9 14.55 0.06

10 15.21 0.02
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Table 5 Magnitude of brightness and NELM

Sites

Magnitude
and Standard
Deviation NELM

Milky
Way

Astronomical Object
and Constellations

Not
Visible
at all

The Pleiades Cluster is visible,
but very few other objects can
be detected. The constellation is
dimmer and lack of main star

Kuala Lumpur 17.59/0.92 3.78

Not
Visible
at all

The Pleiades Cluster is the only
object visible to all except for
experience observer. Only the
brightest constellation is
discernible and they are missing
star.

Teluk Kemang 19.28/0.70 4.98

This imply that the night sky in Kuala Lumpur is 5 times brighter than night
sky in Teluk Kemang. The brightness of the sky can affect the limiting amount
of celestial object brightness visible in that particular sky, or Naked Eye
Limiting Magnitude (NELM).

4 Discussion & Conclusion

After the elimination of natural contributors of night sky brightness, we can
see the toll of artificial light in observing celestial objects in the sky. Kuala
Lumpur sky, the site that has denser population and located in the city center
is heavily polluted with magnitude value of 17.59 mag/sec2 and 3.78 naked-
eye limiting magnitude, are 5 times brighter than Teluk Kemang which has
brightness of 19.28 mag/sec2 and 4.98 naked-eye limiting magnitude.

The light pollution level in Teluk Kemang starting to worsen. Teluk
Kemang has been a hot observation spot since years back and numbers of
new moon observation records was achieved3.

But with increasing human activity in its nearby city Port Dickson, sparked
by Port Dickson strategic location for tourism activity and all over the world,
this location will be example of many other locations that may someday

3Youngest Moon Age and Smallest Elongation. For more info, see http://www.icoproject.
org/record.html
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no longer viable for astronomical observation. The idea of maintaining the
night sculpture in the sky may not be well accepted by the vast dimension
of human society, since the impetus of humanity is driven by industrial
expedience and economy, but we regard the idea of conserving mortal well-
being and ecosystem stability is an idea shared by all. Attention concerning
light pollution regulation and policy should be put at the highest priority since
a rapid increase of artificial light every year endangering all livings things.
Such simple initiative that can be implemented is by introducing the dark
sky location specifically for astronomical observation and nocturnal animal
activity, with a minimum distance of 7 km is good enough to conserve the night
sky natural brightness. A more dramatic action is by proposing a total ban of
man-made light at wavelength shorter than 540, since smaller wavelength in
that spectrum has an inimical effect on human and animal health.
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