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Chapter 13
Light Pollution in the Arctic Marine 
Environment

Ifeoluwa Ihotu Kayode-Edwards and David Osagie Agbontaen

13.1  �Introduction

Light pollution is defined as the excessive or misdirected artificial light that alters 
the natural illumination of the environment, disrupting ecosystems and obscuring 
celestial observations [29, 42, 53]. It primarily encompasses skyglow, glare, light 
trespass, and clutter, each contributing to the degradation of natural darkness [3, 
46]. Addressing light pollution in the Arctic is particularly important due to the 
region’s unique environmental and cultural significance. The Arctic’s prolonged 
periods of darkness during the winter months are crucial for the survival and behav-
ior of numerous species, including migratory birds and marine mammals, which 
rely on natural light cycles for navigation, foraging, and breeding [16, 32, 43, 51]. 
Artificial light intrusion can disrupt these behaviors, leading to ecological imbal-
ances and threatening biodiversity. Additionally, indigenous communities in the 
Arctic, who maintain a deep cultural connection to the natural environment, are 
adversely affected by light pollution, which impairs traditional practices such as 
nighttime hunting and celestial navigation [10, 15]. Furthermore, the Arctic’s pris-
tine skies are invaluable for astronomical research, with minimal light pollution 
being essential for accurate observations and scientific advancements [12]. 
Mitigating light pollution in the Arctic thus supports the conservation of biodiver-
sity, the preservation of indigenous cultures, and the advancement of scientific 
knowledge, underscoring the need for targeted policies and sustainable lighting 
practices in the region.

I. I. Kayode-Edwards (*) 
Department of Biological Sciences, Covenant University, Ota, Ogun State, Nigeria 

D. O. Agbontaen 
Department of Public Health, University of South Wales, Pontypridd, UK

https://doi.org/10.1007/978-3-031-73584-4_13#DOI


276

13.2  �Sources of Light Pollution in the Arctic

The sources of light pollution in the Arctic can be categorized into natural and arti-
ficial origins, with the latter posing significant challenges to the region’s ecological 
integrity and cultural practices. Natural sources of light pollution, while minimal, 
include phenomena such as auroras (Fig. 13.1) and moonlight; however, artificial 
sources overwhelmingly dominate the landscape [8]. Coastal communities and 
infrastructure contribute substantially to light pollution through streetlights, build-
ing illumination, and other urban developments that disrupt the natural nocturnal 
environment [1, 20, 47]. Shipping and maritime activities further exacerbate this 
issue, as vessels often utilize bright navigation lights and deck illumination, leading 
to increased skyglow and light trespass in sensitive coastal ecosystems [52]. 
Offshore oil and gas platforms are another significant source, with their extensive 
lighting systems designed for safety and operational efficiency, inadvertently creat-
ing localized zones of light pollution that can alter wildlife behaviors and disrupt 
marine habitats. Additionally, the influx of tourism and the establishment of research 
stations in the Arctic, often accompanied by temporary or permanent lighting instal-
lations, contribute to the growing levels of artificial light. These activities not only 
compromise the natural darkness essential for nocturnal species and indigenous cul-
tural practices but also hinder astronomical observations critical for scientific 
research. Therefore, addressing the sources of light pollution in the Arctic is vital 
for preserving the ecological balance, cultural heritage, and scientific integrity of 
this unique and fragile region.

Fig. 13.1  An aurora (Northern Lights or Southern Lights). (Source: Noppawat Tom 
Charoensinphon)
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13.3  �Mechanisms of Light Pollution Spread

The mechanisms underlying the spread of light pollution in the Arctic are complex 
and influenced by various environmental factors, including reflection, scattering, 
and seasonal variations [12, 17, 24]. The reflective properties of ice and snow play 
a pivotal role in amplifying light pollution; when artificial light interacts with these 
surfaces, it undergoes significant scattering, resulting in increased skyglow that can 
extend over vast distances [4]. This phenomenon is particularly pronounced during 
the polar night when the absence of natural light sources allows artificial illumina-
tion to dominate the visual landscape [44]. Additionally, light transmission through 
water bodies can further exacerbate light pollution, as shallow Arctic waters may 
reflect and refract light, contributing to a broader dispersal of artificial illumination 
into adjacent ecosystems [30]. Seasonal variations significantly impact the ecologi-
cal consequences of light pollution, with polar day presenting unique challenges as 
extended daylight hours can lead to continuous exposure to artificial light, disrupt-
ing circadian rhythms and natural behaviors of wildlife [9, 14, 26]. Conversely, 
during polar night, the sudden influx of artificial light from human activities can 
lead to stark contrasts that disturb the delicate balance of nocturnal ecosystems [23]. 
Thus, understanding these mechanisms is essential for developing effective strate-
gies to mitigate light pollution’s adverse effects on Arctic biodiversity and the cul-
tural practices of indigenous communities.

13.4  �Impacts of Light Pollution on Arctic Marine Organisms

The impact of light pollution on Arctic marine organisms is profound, primarily 
through the disruption of biological rhythms, including both circadian and circan-
nual patterns, which are critical for maintaining ecological balance [23, 27]. 
Artificial illumination can interfere with the natural light cycles that govern the 
behavior of marine mammals such as seals and whales, leading to alterations in their 
foraging, breeding, and migratory behaviors  [28]. For instance, species like the 
bowhead whale may experience shifts in migratory routes and calving timing due to 
the increased presence of artificial light along coastlines and from maritime activi-
ties [39]. Similarly, fish and invertebrates are significantly affected; light pollution 
can disrupt migratory patterns and feeding behaviors, with species such as Arctic 
cod potentially altering their vertical migration patterns in response to artificial 
light, thus impacting predator–prey dynamics [37]. Furthermore, the impacts extend 
to primary producers like phytoplankton, whose growth and reproductive cycles 
may be adversely affected by increased light exposure during non-productive sea-
sons, ultimately influencing the entire marine food web. Case studies on specific 
species, such as the impact of light pollution on the behavior of the Arctic amphi-
pod, have revealed changes in activity patterns and reduced reproductive success 
[19], underscoring the ecological ramifications of altered light conditions. 
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Collectively, these effects highlight the urgent need for targeted research and effec-
tive mitigation strategies to address light pollution in the Arctic marine environ-
ment, ensuring the preservation of its delicate ecosystems and the species that 
inhabit them.

13.5  �Monitoring and Assessment Techniques

Monitoring and assessment techniques for light pollution in the Arctic employ a 
multifaceted approach that integrates advanced technologies and community 
engagement to ensure comprehensive data collection and analysis [50]. Satellite 
observations and remote sensing provide a crucial framework for assessing light 
pollution on a large scale, utilizing sensors that capture the intensity and distribution 
of artificial illumination across vast and often inaccessible regions [6, 11, 33, 34, 
38]. In situ measurements, facilitated by established monitoring networks, comple-
ment these satellite data by providing ground-truth validation and localized insights 
into light pollution’s ecological impacts. Additionally, the incorporation of citizen 
science initiatives enhances monitoring efforts by empowering local communities 
and stakeholders to participate in data collection, thereby fostering a deeper connec-
tion to environmental stewardship and contributing valuable on-the-ground obser-
vations [2, 7, 40, 49]. Furthermore, modeling techniques are essential for predicting 
the distribution and impact of light pollution, utilizing computational algorithms to 
simulate the effects of artificial light on ecological systems and to forecast potential 
future scenarios under varying anthropogenic pressures [25, 36]. Together, these 
methodologies form a robust framework for understanding and mitigating light pol-
lution in the Arctic, ensuring that conservation strategies are informed by accurate 
and comprehensive scientific evidence.

13.6  �Mitigation and Management Strategies

Mitigation and management strategies for light pollution in the Arctic encompass a 
range of policy, technological, and cooperative approaches designed to minimize its 
ecological and cultural impacts. Policy and regulatory frameworks are essential for 
establishing enforceable guidelines that limit artificial light emissions [5, 21, 41, 
45]. These regulations can include restrictions on light intensity, duration, and the 
direction of lighting, particularly in sensitive ecological zones. Technological solu-
tions play a critical role in reducing light pollution, with innovations such as light 
shielding and dimming technologies that direct light only where needed and adjust 
brightness based on environmental conditions [13, 31, 48]. Implementing best prac-
tices for Arctic infrastructure development is also crucial; this involves designing 
and constructing buildings and facilities with minimal light spill, using energy-
efficient lighting, and prioritizing natural darkness [54]. The role of international 
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cooperation and agreements is paramount, as light pollution does not adhere to 
political boundaries [18]. Collaborative efforts, such as those facilitated by the 
Arctic Council, promote shared standards and strategies, enabling countries to col-
lectively address light pollution. These efforts include joint research initiatives, 
information sharing, and the development of transboundary policies that protect the 
Arctic environment [22, 35]. By integrating these strategies, it is possible to signifi-
cantly reduce light pollution in the Arctic, safeguarding its unique ecosystems and 
the cultural practices of its indigenous populations.

13.7  �Conclusion

Light pollution in the Arctic marine environment represents a growing environmen-
tal challenge with far-reaching ecological, cultural, and scientific implications. The 
unique sensitivity of the Arctic ecosystem to artificial light underscores the urgent 
need for targeted mitigation strategies. Disruptions to biological rhythms in marine 
organisms, such as altered migration patterns and feeding behaviors, pose signifi-
cant risks to biodiversity and ecosystem health. Furthermore, light pollution threat-
ens the traditional practices and livelihoods of indigenous communities, as well as 
the integrity of astronomical research in the region. Effective monitoring and assess-
ment techniques, including satellite observations, in situ measurements, and citizen 
science, provide a robust framework for understanding and addressing this issue. 
Implementing policy and regulatory frameworks, adopting technological solutions, 
and fostering international cooperation are essential components of a comprehen-
sive strategy to mitigate light pollution. By prioritizing these approaches, we can 
protect the Arctic marine environment from the adverse effects of artificial illumina-
tion, ensuring the preservation of its natural darkness, ecological balance, and cul-
tural heritage for future generations.
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