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Abstract. The decline in biodiversity is strongly influenced by anthropogenic
activities, especially land-use changes and urbanization that cause ecosystem
imbalances, even causing ecological disasters. Population growth causes more
massive human activities, both during the day and at night. This study will
focus on human activities at night in excessive use of artificial light which
causes light pollution which results in the disruption to the bird's sleep
performance around densely populated areas of human activity. Excessive light
causes disturbances in the balance of the surrounding ecosystem, especially the
disturbance to the bird performance and behavior change so that this causes
habitat stress. The focal area in this study is the region of Medan, North
Sumatra Province with the consideration that this province is one of the most
populated in Sumatra Island and the region of Medan is the densest in
population because situated around the metropolitan area, which surely has
massive human activities. This study aims to calculate the magnitude of the
threat to the bird performance due to light pollution by utilizing the VIIRS Stray
Light Corrected Nighttime Day/Night Band Composites Version 1 satellite
image which was analyzed with GIS and Remote Sensing devices combined
with infrastructure parameters to support the emergence of artificial light. This
study found that 43,9 % of the area in The Region of Medan has light pollution
with the highest threat in residential areas and is highly concentrated in Medan
City. In the medium zone of bird occupation, the high polluted at the number of
91.2%, in the high zone of bird occupation the high polluted at the number of
0.54%. This threat has begun to penetrate the vegetated area (the forest edge)
which is the natural habitat of various wild animals. The area that is less
disturbed by the threat of light pollution is found in the northwestern part.
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1 Introduction

Today, more than 68% of the world's population is projected to live in urban areas by
2050 [1]. It means that there will be alteration in many places such as land conversion



to become urban areas, also environmental issues related to higher consumption of
artificial lights. Although artificial light has vital roles in many aspects of human
activities, introduced lights become the pollution of the natural condition of dark night
[2]. Light pollution is caused by several factors such as illumination source intensity,
population growth, and aerosols and molecular absorption [3]. Urban growth is
increasing and more people live in urban areas, it contributed to light pollution during
the study period. The increase of artificial light on a global scale touches the rate of
2.2%. The increase of artificial light benefits the activities of humans at night, but this
is an imbalance as the effect to other living creatures or the nature around the highly
light polluted areas. Bird is one of affected objects of the light pollution that disturb
the sleep cycle of bird, especially nesting on trees around the urban. Similar case with
human can be highly disturbed by the light when sleeping, but human can avoid that
by turning off the lamp or changing the lamp with more sleep-friendly while birds can
not do so. Many bird species are in danger of extinction. The first reason that birds are
going extinct is habitat destruction during a bird’s migration, light attraction (or more
aptly called entrapment) causes disorientation, which can lead to the bird to colliding
with a lit building or with other birds. Once a bird flies into a light source, they are
reluctant to leave the lit area and return to the dark [4].

From the other sides, the conditions in urban areas and urbanization zones have
ecological consequences of light pollution. It is not limited to the downtown and
suburban zones. This light pollution extends along highways and around protected
areas. While there is clearly no single cause of insect decline due to light pollution,
every identifiable threat variable is a point for better management plans. In addition,
artificial light at night or ALAN is relatively easy to manage, and it can greatly reduce
the loss of insects that are a source of bird food [5]. The effects could change the bird
movement, settlement and habitat selection, and even transform distribution of bird in
a large spatial scales [6].

Indirectly, light affect the shifting of circadian clock [7] like the illustration besides.
This shifting could be lowering performance at the day and make birds are vulnerable
to the attack of predators, so this case potentially impacts the imbalance within
particular ecosystem.
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Fig 1. Exposure to light can suppress sleep in birds [8].




Much evidence has been collected that natural and artificial light radiation ALAN
interferes with the time needed for sleep in diurnal birds. Sleep is needed by the living
body for the restoration of cognitive performance in birds, including during early
development. More light leads to reduced natural sleep time for birds [8]. This light
pollution condition causes behavioral changes. It is believed that there may be
physiological variations in bird responses to light, perhaps driven by differences in
evolutionary history. Sleep deprivation that occurs in the wild, such as through
exposure to light pollution, affects bird learning and memory. Impairments in
cognitive performance are important for survival and reproduction [7. 8].

In this research, we want to demonstrate and analyze how the artificial lights impact
the bird sleep performance in the spatial perspective as the aim in this study, so we
can discover the locations of light pollution towards bird sleep performance in
multiple levels using remote sensing data (satellite imagery) and Geographic
Information System (GIS) analysis as the development and the extension of the hand
of previous researches.

2 Data and Methodology

2.1 Data

In the process of carrying out this research, several types of materials or data were
used, all of which we obtained free of charge from cloud computing data providers.
The data used is Sentinel 2A satellite imagery which is a product of the European
Union for environmental observation, the satellite image used has a spatial resolution
of 10m. These satellite image used to map the land cover classes. Then this sentinel
satellite image is also used to obtain information of vegetation density or vegetation
index. We use Night VIIRS imagery which is a satellite image recording the earth's
surface at night. This data has the capability to detect faint sources of visible near-
infrared (VNIR) emissions on the Earth’s surface [9]. Both of these data, Sentinel 2A
and Night VIIRS satellite imagery, were obtained and processed in Google Earth
Engine cloud computing technology. The supporting data used is the administrative
boundary at the research location to facilitate regional orientation and description, the
administrative boundary data is obtained free of charge from the website
http://tanahairindonesia.go.id. Remotely sensed data processed using Google Earth
Engine Platform then analyzed using QGIS application as the further spatial data
processing.

2.2 Analysis Data

The integrated spatial analysis use cloud data for identifying the threat of environment
to biodiversity using GIS are able to represent the distribution on the existing
conditions of land cover [10]. The technological context of the proposed approach
includes GIS and SRS techniques [5. 9].



2.2.1 Random Forest Classification

To obtain the land cover on the research area can also by interpreting the Imagery
using image classification [11]. Image classification is a computation process to
classify pixels by statistical model to group pixels for land cover identification. This
image classification works by calculating the pixel values from each sample of the
training area, then other areas which have the same cluster pixel value with marked
location will be in the same class [12]. The Random Forest ensemble method is a
processing technique in data classification to improve data accuracy [13]. In this
research we use random forest classification. Random Forest is a data mining
technique with the principle of decision tree. A random forest consists of a structured
data set where each data or cell will push a vote for the most popular group on input

(x) [14].
2.2.2 Normalized Difference Vegetation Index (NDVI)

The vegetation indicated the common character for occupancy of birds. Different
vegetation facilitates different bird occupancy based on its density or canopy cover.
NDVI is an approach we utilize to extract the information of bird occupation
probability. NDVI is often used to evaluate the relationship between species
distributions and the productivity of vegetation in broad both spatial and temporal
scales [15]. NDVI used as the measurement the greenness and the difference between
NDVI form the season of leaf-on and leaf-off to measure the deciduousness [16]. So,
in this study is also effective in evaluating bird distribution estimation. NDVI value
then classified become three classes (low, moderate, high) which the higher the NDVI
value represents the higher bird occupancy. NDVI Value can be computed by
transforming Sentinel 2A remotely sensed data using both Near Infrared (Band 8) and
Red (Band 4) band [17].as this following equation

+

Where:
NIR = Near-Infrared Band
R =Red Band

2.2.3 Overlay Data

The next stage in this research is an analysis area that was impacted by light pollution.
It was carried out in the overlay technique for determining the dominant spot of the
threat zoning [10]. After the information about bird occupancy potential and light
intensity derived, both information then overlaid using intersection geo-processing
tools in QGIS to observe the area of light pollution impact towards bird sleep
performance.



3 Result and Discussion

In the first stage, we designed data on environmental variables that became the basis
for assessing indicators such as habitats for bird species. We need to emphasize that
the potential zones where bird species live are a regional approach that is common to
all bird species, we do not discuss specific bird species with specific bird species
characteristics or characteristics. In this study, there are two main approaches that we
use as the basis for assessing the potential of bird occupancy, namely land cover and
vegetation density, because in general, mainland birds will only make daily
movements to find food and return to their nests or landscapes of trees and shrubs to
occupancy. Landscape assessment by determining the type of land cover is based on
the fact that in general bird species will have occupancy in forest landscape and
vegetation types. We also approached the vegetation density approach, because from
the literature study the majority of small to medium-sized bird species in herbivorous
and omnivorous groups favor dense leafy vegetation for occupancy and hiding
strategies from predators. The natural landscape of vegetation with dense vegetation
conditions is a source of diversity of insect species which is also a source of food for
bird species. In this study, random forest and NDVI algorithms have been applied for
making the land cover and vegetation density maps from the extraction of Sentinel 2A
satellite imagery, which many previous researchers did research that this algorithm is
more established for making the land cover and vegetation density maps. Natural
ecosystems belonging to vegetation in high density are habitat for many species. It is
the key variable to measure the potential area for bird’s occupancy and migration [10.
11].

From the diagram in general, it has been revealed that the landscape at the location of
this study is covered by a landscape that has vegetation. From the calculation of
spatial geometry, we find that in the first group there are plantation landscape stands
at the number of 40.21%, in the second position is forest landscape at the number of
15.38%, in the third position is a mixed farm at several 11.23%. Vegetation density
conditions have variations, in this study, we grouped vegetation density into three
classes, low density stood at the number of 33.54 vegetation high density at the
number of 33.33%, the last is the vegetation moderate density at the number of
33.13%.



Land Cover Area Percentage in Each Region

NDVI Percentage
in Each Region

NORMALIZED DIFFERENCE

3 b s
: % 3 Languat "
¢ e 112403,317
& \ £ 3441, 104
7 Y 5 )
.y ‘ ; V e 1366028
geis i o 58204
> & : - - 1 Yt Al - . 103,343
g £ G gt : . -
! -I" : / il 1 g 2 - 11608.58: N3N
> iR y / w -
) - s e
AND COVE =
i VEGETATION INDEX IN (o
. " MEDAN REGION -
ic
Shin
n Jrban
Land Cover Percentage NDVI Percentage
-
= |
o
.

Fig. 2. Land cover classification and NDVI map

This study has involved three administrations which are namely Medan, Binjai, and
Derli Serdang. We calculate the land cover area based on this administration to make
it easier to describe and explain the narrative of any information we find. The Medan
city area is dominated by built-up areas or settlements, and Binjai stands in the second
position with a large built-up area, and the last area has a small size of the built-up
area is Deli Serdang. Ecosystem land cover with natural vegetation in the form of the
forest is the widest in the Deli Serdang area, and is in second place is Binai. The
majority of the area in the Deli Serdang and Binjai sub-districts are plantations, if we
look at satellite imagery, the real image of this land cover is in the form of oil palm
plantations.

In the next stage, we did an overlay of land cover and NDVI maps to create a
potential area for the bird occupation. From this calculation, we determine the zones
most favored by birds for shelter into several groups. It aims to facilitate the
identification and qualitative representation of the area. We provide an assessment of
each type of land cover and vegetation density. By considering the results of the
literature study, we conclude that the condition of vegetation or natural ecosystems is
more attractive to various types of birds to settle down than being in the human
environment. Nevertheless, high-density vegetation is also more in demand by
various bird species than sites with little or no vegetation.

The DMSP satellites have the capacity to object on the earth using visible near-
infrared (VNIR) it reveals emissions on the Earth’s surface. This technology was also
developed for investigation and mapping of the nighttime emission [18. 23]. The
artificial light at night or ALAN is represented by VIIRS Imagery.
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Fig. 4. The Impact of light pollution towards the bird occupancy potential.

Overall from the map image above, we can observe the Impact of Light Pollution on
Bird occupancy. The main spot with the brightness level of the pixel value in this



satellite image covers an area or location with land cover conditions in the form of
settlements. In the VIIRS satellite image coverage, object information on the earth's
surface is recorded in the form of pixel values then this value are grouped into three
classes of light pollution levels at night. The pollution zone is centered on the city of
Medan which is the capital of North Sumatra Province. This city has a large
population density and settlements as well as active urban activities, so the
consumption of electrical energy for lighting equipment in the form of lamps with a
fairly large light spectral is evident from the results of the Night VIIRS satellite image
recording.

With this spatial analysis approach, we assess that bird species experience
disturbances in their natural life cycles in locations that have high and moderate
potential for bird occupancy. Locations polluted by radiation from light pollution on
bird occupancy are in low and moderate classes. Zones with high bird occupancy
potential experienced the threat of light pollution in the moderate polluted group. We
can see that the location of the high and moderate bird occupancy zone is believed to
have a large population of birds. This pollution condition is very disturbing the
natural cycle of life. This wild bird has distortion problems adapting to bright
artificial light at night. It further threatens the stability of the physiology of birds and
the environment. The disturbance effect of light pollution on the environment for bird
occupancy is not a single effect, because disturbance in one species will disrupt other
living systems in a natural ecosystem. The location of this research with
physiographic conditions that are on the coast, will involve many bird species, not
only bird species with nocturnal nature but also diurnal species. The level of light
pollution will disrupt the habits and lifestyle of birds, which will not only affect the
number of hours of sleep but also the migration pattern.

Form literature, the effects of artificial light on moths at different stages of their
lifecycle. They note that it is not fully understood why moths exhibit phototaxis
(flight-to-light) or why they exhibit a diversity of behaviours at light sources
including spiralling around it, crashing into it, settling at a distance or ignoring it [19].
Increasing day length on the light intensity has a strong effect on some bird
production and, therefore, indirectly, on reproduction; chronically low light intensity
at night can dramatically affect the reproductive system [6. 20]. has been much
preliminary evidence that sleep needs affect spatial learning abilities in birds. This
spatial learning ability is very important for wild birds, considering the location,
understanding the orientation of different positions such as home ranges and the
location of sources or storage of food is very important for survival, especially in
extreme environments. There it was found that the chicks spent more time sleeping
after learning the spatial discrimination task. Further research shows a link between
closing one eye during sleep and spatial learning [21]. Some nocturnal bird problems
experience this form of disorientation often leading to death by exhaustion, which
occurs after a dramatic increase in flight time, but also directly by a collision with a
light structure [22. 24]. The existence of the distribution of lights in the urban
environment and street lights can interfere with sleep at night even in birds that are
adaptable and tolerant to urban environments [5. 23. 25]. The problem of light
pollution in the urban environment and urbanization has a strong relationship. This



occurs gradually from reduced sleep time, behavioral changes, weakened brain
abilities and disruption of the natural ability of spatial navigation for many birds.
Spatial distribution of light pollution to the environment with vegetation and land
cover conditions which are potential locations for birds to stay scattered around
residential areas. This spatial distribution condition is able to become the basis for
affirming more effective spatial management to maintain the natural balance of living
things with normal needs.

4 Conclusion

From the Spatial analysis can be used to identify the impact of light pollution on bird
sleep performance. According to the result, In the region of interest, problematic
points are: Highly polluted areas 6,54% of the total area of research location and
mostly in highly urbanized areas) cover moderate occupancy potential of birds over
91,24% and moderately polluted areas (15,42% of the total area of research location)
cover high occupancy potential of the bird over 99,4%. While the low polluted areas
dominant, 78,04% of the total area of research location) as the highly tolerated site for
bird sleep cover 78,16% of low bird occupancy potential. According to this research,
we suggest that in urban areas to use sleep-friendly light, it especially streetlights such
as amber light, and/ or filtering the scatter of light by covering light surrounding that
directs the direction of light exposure straight to the ground. For better validation, we
also suggest using real bird occupancy coordinate data, so we can calculate the
number of the affected population.
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