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Summary 

The continuously growing world population coupled with a trend towards urbanization, associated 
development of human infrastructures and lowered lighting costs has led to an increase in anthropogenic 
light emissions, especially in large cities. Consequentially, night-time scattering of artificial light in the 
lower atmosphere may result in a steady brightening of the night sky and a constant absence of darkness 
in the surrounding nocturnal ecosystems, also known as light pollution. The increasing awareness of the 
science community about the negative effects of Artificial-Light-At-Night (ALAN/LAN) on human health, 
ecological processes and the celestial visibility have led to a recognition of light pollution as a global 
environmental issue among the society. Because Artificial-Light-At-Night is either abbreviated as ALAN or 
LAN in the published literature, these two acronyms are used interchangeable throughout this report. 
Since biological processes in species from different taxa are regulated by natural light regimes, concerns 
about exposure to ALAN are linked to its potential to induce atypical physiological responses resulting in 
negative health- or environment-related consequences. This report is a review aiming to assess the current 
knowledge on light pollution for the 38 European Environmental Agency (EEA) member states including 
those within the framework of the European UnƛƻƴΩǎ ό9¦ύ ½ŜǊƻ tƻƭƭǳǘƛƻƴ !Ŏǘƛƻƴ tƭŀƴ (i.e. EU-27).  
 
First, the key impacts ALAN may elicit on human health, biodiversity and ecosystems are summarised. 
Disrupted sleeping patterns, development of cancer, depressive disorders and weight gain among various 
investigated unfavourable health outcomes received most scientific attention. Adverse effects on wildlife 
is mostly linked to the alteration of the innate circadian clock controlling the behaviour of animals via 
natural light cues. This has resulted in an alteration of behavioural patterns related to migration, 
reproduction or communication, changes in activity such as offset of emergence and timing to forage, and 
even altered physiological characteristics connected to genetics, the metabolism or the development. 
Negatively influenced ecosystems are the natural night sky, or dark environments functioning as 
sanctuaries for light-sensitive species. This is further associated with a disruption of trophic interactions 
and an over-proportional decrease in biodiversity due to a global decline in habitat connectivity.  
 
Second, an analysis of the political basis in the EU Member States regulating light pollution revealed that 
currently no common EU policy exists. However, France, Croatia, Slovenia and the Czech Republic have a 
progressive national legal framework restricting light emissions, as do regions in Italy or Spain. Some EU 
countries such as Austria, Liechtenstein or Ireland have non-binding guidelines only, but no current 
policies. Globally, there are different political strategies aiming to mitigate light pollution. Some policies 
depend on strict metrics or are enforced with a parallel education of citizens. Others were incorporated in 
an existing law or formulated in close collaboration with the astronomy community. 
 
Third, the methods to monitor light pollution levels are presented, with a focus on the role of remote 
sensing systems. By utilizing such satellite imagery, historical trends in Europe were modelled and light 
pollution levels were compared between EU countries. Overall, the terrestrial surface of Europe has 
experienced a net increase in anthropogenic light exposure, especially in the Eastern regions. Changes of 
the European light emissions were modelled for the two thresholds of 2 nW/cm2/sr, at which at least a 
low ecological impact can be expected and of 0.5 nW/cm2/sr, which are the lowest light emissions 
measured by VIIRS. Whereas the area exposed to light emissions below 2 nW/cm2/sr has decreased by 
only 1 %, the Ψtruly dark spacesΩ minimally exposed to artificial light below 0.5 nW/cm2/sr, have shrunk by 
5.2 % in only the last eight years. Even though, 0.5 nW/cm2/sr is no generally accepted threshold for a truly 
dark sky, this limit has been arbitrarily chosen because it reflects the natural luminance of the night sky 
with a margin for uncertainties. While, the Netherlands, Luxembourg, Poland and Belgium have 
experienced the largest increase in brightness in a comparison of the time periods 2014/15 with 2020/21 
for the respective two limits, a reduction in light pollution was evident for Iceland, Ireland and France. 
 
Finally, an analysis of the current research efforts in the EU showed that the most recent publications 
focused on the following three topics: ecosystem functioning and trophic interactions, socio-economic 
implementation of darkness protection and improvement of measuring methods. During our light 
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pollution research, we found that satellite imagery is highly dependent on the emitting light source the 
time of picture taken, the weather, environment and astronomic conditions, or the collecting sensor. 
Furthermore, evidence of a strong association between socio-economic status, urbanization and light 
exposure gives reason to believe that studies investigating the effects of light pollution are prone to be 
confounded by other factors and need to be analysed carefully. 
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1 Introduction 

Light pollution is usually described as an increase of natural night sky brightness due to artificial light 
emitted in the lower atmospheric layer (Bennie et al., 2015; Falchi et al., 2016). In some definitions the 
negative nature of this phenomenon is emphasised by describing light pollution as a degradation of 
darkness, excessive or unwanted light emissions caused by wasted energy (Gallaway et al., 2010; Hölker 
et al., 2010; Lapostolle & Challéat, 2021; Teikari, 2007). Ecologists concerned with the deterioration of 
ecosystems due to light pollution suggest a differentiation between astronomical light pollution which is 
a decline in visibility of celestial objects due to the brightening of the sky caused by artificial light emissions 
while ecological light pollution refers to the adverse effects the global wildlife experiences due to 
disruptions of the nocturnal environment (Longcore & Rich, 2004). The research community investigating 
the negative effects of Artificial-Light-At-Night on human health, biodiversity or ecosystems abbreviate 
this term either with ALAN or LAN. Therefore, these acronyms are used interchangeably in this report. 
Since a variety of physiological processes are triggered by natural light stimuli, studies examining the 
impacts of ALAN exposure mostly focus on the potential to induce mistimed or misdirected responses 
resulting in adverse medical or ecological consequences (Sanders et al., 2021). 
 
The most important sources contributing to light pollution are street lamps, security lighting illuminating 
construction sites or business buildings, floodlights used for sports facilities or on offshore oil platforms 
and advertisement lighting (Gaston et al., 2012). Especially visual is this rather modern environmental 
threat, when the sum of the artificial light emitted by a large urbanized area lingers in the sky due to the 
reflection of the luminance from water droplets in clouds, gas molecules or dust. This condition is called 
artificial skyglow and may in extreme cases result in the formation of a light dome over conurbations in 
industrialized countries (Cinzano et al., 2000). Besides skyglow, there are several forms of light pollution 
including light trespass, clutter or glare. Light trespass is defined as anthropogenic light that penetrates 
areas where it is unintended or unwanted. It is particularly detrimental in residential areas when directed 
ƛƴǘƻ ǇǊƛǾŀǘŜ ƘƻǳǎŜǎ ǊŜǎǳƭǘƛƴƎ ƛƴ ŀ ŘƛǎǊǳǇǘƛƻƴ ƻŦ ǇŜƻǇƭŜΩǎ ǎƭŜŜǇƛƴƎ ǇŀǘǘŜǊƴǎ ƻǊ ƛƴ ŀǊŜŀǎ ǿƛǘƘ ƭƛƎƘǘ-sensitive 
wildlife and ecosystems. Light trespass is often caused by street lighting, traffic lights, vehicle headlights, 
internal building lights or advertising signs and can be a constant nuisance to residents (Schreuder, 1986). 
The condition when the concentration of multiple light fittings within a given area is too great resulting in 
inconsistent and excessive illumination is called clutter. This is the case when the number and design of 
light fittings have gradually been added over time instead of being properly replaced (IDA, 2014). Glare 
may be explained with excessive direct light that causes visual discomfort to which animals and humans 
react with squinting. It alters the visual acuity which results in an instant disability to make out details of 
ǿƘŀǘ ƛǎ ƛƴ ǘƘŜ ŜȅŜΩǎ ŦƻŎǳǎ ŀƴŘ Ƴŀȅ ŜǾŜƴ ǊŜǎǳƭǘ ƛƴ ǘŜƳǇƻǊŀƭ ōƭƛƴŘƴŜǎǎ ƛƴ ŜȄǘǊŜƳŜ ŎŀǎŜǎ (Bullough et al., 
2008). Over all, the sky conditions qualify as light-polluted if the natural brightness is elevated by at least 
ten percent (Falchi et al., 2016).  
 
Linked to the immense growth of the global population, the fast development of human infrastructure 
and urban expansion, light pollution levels increased by around 20 % yearly in the second half of the 20th 
century (Hölker et al., 2010). Nowadays, more than 80 % of the global population and over 99 % of the 
people resident in Europe live under light-polluted skies. More than one third of humanity, including 60 % 
of Europeans are unable to see the Milky Way from their own home due to skyglow (Falchi et al., 2016). 
While the area of global artificially lit environments is estimated to increase by 2.2 % yearly, values of the 
annual intensification of light pollution in the most populated areas have been as high as 6 % (Kyba et al., 
2017). The increasing brightness is a parallel trend to the global economic development and has multiple 
adverse effects on human health, biodiversity and natural ecosystems. A by-product of the human 
expansion is the lighting of new roads, business buildings and private housing which comes with a 
scattering of the light into the surrounding ecosystems (Bennie et al., 2015). Artificial light is reflected and 
dispersed by aerosols in the atmosphere, resulting in urban lights penetrating the surrounding ecosystems, 
protected landscapes and rural areas. The illumination of large urban centres is often visible over 160 
kilometres away. Consequentially, 18.7 % of the terrestrial surface is exposed to night sky brightness 
categorized as light polluted (Longcore & Rich, 2004). Excessive man-made lighting is not just a source of 
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pollution, but also a waste of resources in terms of electricity and carbon dioxide emissions contributing 
to global warming. Due to poorly designed lighting installations world-wide, 30 % of the artificial light is 
directed where it is not supposed to and therefore unexploited which adds up to almost 9 billion US dollars 
of economic loss yearly (Gallaway et al., 2010). In the last two decades, scientific publications investigating 
the effects of light pollution have increased tenfold, which is evidence for the growing concern and the 
intensification of this problem (Rodrigo-Comino et al., 2021).  
 
Contemporary lighting strategies more and more frequently focus on energy efficient systems with low 
carbon output as a response to the ongoing climate crisis. As a result, many countries are transitioning 
from conventional light sources to white light emitting diodes (LED) that have a higher output of shorter 
wavelengths emitting light in the blue part of the spectrum (Gaston et al., 2012). While this light source 
appears brighter and therefore has the potential to save significant amounts of energy, it also negatively 
impacts the natural night sky brightness and has the potential to spread adverse ecological effects of light 
pollution well beyond the urban centres (Chen, 2010). Sustainable lighting systems are not only energy-
efficient, but also cost effective; however, on a global scale this may lead to an increase in lighting of areas 
that have previously been dark, dimly lit or illuminated only during a short time period due to monetary 
restrictions (Kyba et al., 2017). 
 
In the framework of this report we conducted a review aiming to address the following questions: 

¶ What are the key impacts associated with light pollution in terms of human health, biodiversity 
and ecosystems? Are quantitative or qualitative assessments measuring the significance of such 
impacts available?  

¶ What is the legislative basis in EU Member States or other progressive countries to monitor and 
control light pollution?  

¶ Are there recognized standards and monitoring methods to assess the extent of light pollution? 

¶ Is there evidence available to show the historical trends in light pollution at a country, EU or 
global level?  

¶ What research is currently being carried out in Europe in relation to the monitoring of light 
pollution and its impacts? 

¶ What role does satellite imagery play in readily assessing light pollution? 

¶ Which emerging issues need to be considered when investigating light pollution? 
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2 Key Impacts of Light Pollution 

Since the physiology and ecology of several animal species and also humans depend on cues given by the 
natural day-night cycle or seasonal patterns, scientists are concerned about what may happen when these 
functional systems are disrupted. Evidence for adverse effects caused by light pollution were found to be 
multidisciplinary and involve human health, global biodiversity and entire ecosystems.  
 
Most knowledge about the impact of ALAN on human health comes from epidemiological studies that 
compare the health status of individuals with different light exposures. Thereby, four types of studies may 
be distinguished: cohort studies, case-control-studies, experimental studies and animal studies. In cohort 
studies different health parameters of large population cohorts are tracked over long periods of time and 
then matched with satellite data to assign light pollution levels dependent on place of residence. In a case-
control study, participants are selected based on different health outcomes to retrospectively compare a 
variety of causal factors that may have led to the condition. Both study types provide evidence for an 
association if they are able to show that individuals exposed to higher levels of ALAN are more likely to 
have poorer health. In experiments, study participants with similar characteristics are randomly divided 
into two groups and then exposed to different light conditions. Immediate physiological and ecological 
changes previously identified as contributing factors to the development of a particular disease are 
investigated. Based on these findings, conclusions about the development of a poorer health status can 
be drawn related to light exposure levels. Similar studies are carried out with animals from different taxa 
to gain a better understanding about possible negative effects light pollution may elicit on humans. A 
variety of unfavourable human health outcomes have been investigated, from disrupted sleeping patterns 
or increased stress and anxiety levels leading to hormonal and metabolic changes. Health scientist have 
also attempted to find out if light exposure is a causal factor in severe diseases such as several cancer 
ǘȅǇŜǎΣ ŘŜǇǊŜǎǎƛǾŜ ŘƛǎƻǊŘŜǊΣ ŀǘƘŜǊƻǎŎƭŜǊƻǎƛǎ ƻǊ !ƭȊƘŜƛƳŜǊΩǎ disease.  
 
Negative effects on wildlife has primarily been investigated linked to the alteration of the circadian system 
functioning as an internal clock that guides the natural behaviour of different species groups. This has been 
further related to behavioural changes such as migration, foraging and reproduction or physiological 
alterations in connection with genetics, the metabolism or developmental impairment. Ecologists were 
able to provide evidence of disrupted predator-prey interactions, population dynamics and reduced 
survivability linked to light pollution. 
 
Ecosystems most affected by light pollution are on one hand the natural night sky and its celestial objects, 
and on the other the dark environments where light is usually absent. However, any ecosystem in close 
proximity to a brightly lit area is under the influence of diffuse light and thus can be adversely affected.  
 
These areas of research are highly interlinked and may therefore not be analysed just separately. The main 
impacts resulting from light pollution, both with respect to light intensity and colour spectra, emerge at 
the interface between the different physiological, ecological, and socio-economic aspects (Figure 2.1, 
Hölker et al., 2010).  
 
Questions to be considered: 
(1) What characteristics of light disrupt human health and ecological communities?  
(2) How does light pollution interact with other stressors such as air, water and noise pollution?  
(3) Which role does light pollution play in the ongoing climate change? 
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Figure 2.1:  Interplay of adverse impacts related to light pollution at the interface of ecology,  
 socio-economy and physiology 

 

Source: Reproduced from Hölker et al., 2010. 

 

2.1 Human Health 

The human body has adapted to a naturally regulated day-night pattern long before artificial lighting 
systems were invented. Hence, the study of the relationships between exposure to ALAN and potential 
health effects began due to the concern that physical, mental, and behavioural mechanisms following this 
circadian rhythm could be disrupted (Chepesiuk, 2009). 

 

2.1.1 Summarised Literature 

We conducted a literature search from January to March 2022 on PubMed. By applying the search terms 
(light pollution OR light exposure) AND (health) a total of 1 361 published papers were found. A 
representative sample of the literature was selected to illustrate the key findings (summarised in Table 1). 
Only peer-reviewed articles, written in English and published in scholarly journals with an impact factor 
greater than two during 2000 and 2022 were considered. Current research predominantly focuses on four 
potential pathways how light pollution may be deleterious to the human health: cancer, sleeping disorder, 
depression & obesity. Therefore, the selected studies aim to provide an overview of the variety of study 
designs used to investigate these associations in particular and showcase the potential difficulties with 
confounding factors. Furthermore, a high number of publishing countries was targeted to minimize the 
influence of population-specific characteristics. 
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Table 2.1:  Overview of studies on health effects associated with light pollution 

Reference Country Study 
Design 

Outcome Main Results Method 

(Kliukiene 
et al., 
2001) 

Norway Cohort 
study 

Breast 
cancer 

Breast cancer risk among 
totally blind women was 0.64 
(95 % CI = 0.21-1.49) and for 
those who became blind 
before age 65 only 0.51 (95 % 
CI = 0.11-1.49) 

15736 Norwegian women 
from the Norwegian Registry 
of Blindness data 
participated, 5 different 
categories of visual 
impairment assigned, health 
status followed over lifetime 

(Lamphar 
et al., 
2022) 

Slovakia Case-
Control 
Study 

 

Breast 
cancer 

Positive association of 
increasing light pollution and 
breast cancer, mean increase 
of 10.9 breast cancer events 
per 100'000 population-year 
(95 % CI = 7.0-14.8) 

Cancer incidents evaluated 
for rural vs. urban areas 
(25025 breast cancer cases, 
16119 prostate cancer 
cases), level of light pollution 
evaluated based on satellite 
worldwide nighttime light 
collections (1999-2012) 

(Parent et 
al., 2012) 

Canada Case-
Control 
Study 

Variety of 
cancer 
types 

 

Cancer was associated with 
night work: lung cancer (OR = 
1.76, 95 % CI = 1.25-2.47), 
colon cancer (OR = 2.03, 95 % 
CI = 1.43-2.89), for bladder 
cancer (OR = 1.74, 95 % CI = 
1.22-2.49), for prostate 
cancer (OR = 2.77, 95 % CI = 
1.96-3.92), for rectal cancer 
(OR = 2.09, 95 % CI = 1.40-
3.14), for pancreatic cancer 
(OR = 2.27, 95 % CI = 1.24-
4.15), for lymphoma (OR = 
2.31, 95 % CI = 1.48-3.61) 

3137 males (512 controls), 
with incident cancer 
participated (1979-1985), job 
histories and work hours 
were elicited, long working 
hours in the night associated 
with higher levels of light 
exposure 

(Bauer et 
al., 2013) 

Georgia Case-
Control 
Study 

Breast 
cancer 

Overall breast cancer 
incidence was associated with 
high light at night exposure 
(OR = 1.12, 95 % CI (1.04-1.20) 

34053 Breast cancer patients 
(case) & 14458 lung cancer 
patients (control) from the 
Georgia Comprehensive 
Cancer Registry data (2000-
2007) participated, light-at-
night levels estimated based 
on DMSP-OLS Nighttime 
Light Time Series satellite 
images (1992-2007), light 
exposure extracted for each 
year prior to case/control 
diagnosis 

(Cho et al., 
2013) 

Korea Experi-
mental 
study 

Sleeping 
disorder 

Exposure to light at night 
increased stage 1 sleep (p < 
0.05), decreased the 
proportion of slow-wave-
sleep (p < 0.001), decreased 
sleep maintenance 
parameters (p < 0.1) and 
increased the number of 
arousals per hour (p < 0.01) 

10 healthy sleepers 
participated (groups: light on 
vs. light off), 2 
polysomnography (PSG) 
sessions, sleep quality 
measured with rapid eye 
movement, REM/non-REM 
sleep epochs 
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Reference Country Study 
Design 

Outcome Main Results Method 

(Patel, 
2019) 

USA Cross-
sectio-
nal 
study 

Sleep 
depri-
vation 

 

Per 10-unit increase in 
nighttime light (nW/cm2/sr) 
sleep duration declined by 
5.59 min per day, odds of 
reporting insufficient sleep (< 
7 hours) increased at MMSA 
level (13.77 %) and at county-
level (2.19 %) 

282,403 self-reports of sleep 
hours and insufficient sleep 
from the 2014 and 2016 
metropolitan and 
micropolitan statistical area 
Behavioral Risk Factor 
Surveillance System and the 
prevalence of insufficient 
sleep during 2014 in 2,823 
US counties from the County 
Health Rankings, paired with 
nighttime artificial light data 
from the cloud-free Visible 
Infrared Imaging Radiometer 
Suite (National Oceanic and 
Atmospheric Administration 
US) 

(Esaki et 
al., 2019) 

Japan Experi-
mental 
Study 

Lower 
sleep 
quality 

Actigraphy sleep parameters 
showed significantly lower 
sleep efficiency (80.1 % vs. 
83.4 %, p = 0.01), longer log-
transformed sleep onset 
latency (2.9 vs. 2.6 min, p = 
0.01) and greater wake after 
sleep onset (51.4 vs. 41.6 min, 
p = 0.02) in the light group 
than in the dark group 

175 outpatients with bipolar 
disorders participated 
(groups: light - >5 lux vs. 
dark - <5 lux), average LAN 
intensity in bedroom 
measured with portable 
photometer for 7 nights, 
sleep parameters evaluated 
with Insomnia Severity 
Index, adjustment for 
confounding variables 

(Viola et 
al., 2008) 

England Experi-
mental 
study 

Lower 
sleep 
quality, 
lower 
concen-
tration 
span 

Compared with white light 
όпΩллл YύΣ ōƭǳŜ-enriched white 
ƭƛƎƘǘ όмтΩллл Yύ ƛƳǇǊƻǾŜŘ ǘƘŜ 
subjective measures of 
alertness (p < 0.0001), 
positive mood (p = 0.0001), 
performance (p < 0.0001), 
evening fatigue (p = 0.0001), 
irritability (p = 0.004), 
concentration (p < 0.0001), 
and eye discomfort (p=0.002). 
Daytime sleepiness was 
reduced (p=0.0001), and the 
quality of subjective nocturnal 
sleep (p=0.016) was improved 
under blue-enriched white 
light 

Baseline assessments of 
existing lighting conditions at 
work place of 94 white-collar 
workers, participants were 
exposed to 2 new lighting 
conditions, each lasting 4 
weeks (blue-enriched white 
light ς мтΩллл YΣ ǿƘƛǘŜ ƭƛƎƘǘ ς 
пΩллл YύΣ ǎǳōǎŜǉǳŜƴǘ 
questionnaires to rate 
alertness, mood, sleep 
quality, performance, mental 
effort, headache and eye 
strain, and mood throughout 
the 8-week intervention. 

(Harb et 
al., 2015) 

USA Cohort 
study 

Psychia-
tric 
disorders, 
depress-
sive symp-
toms, low 
sleep 
quality 

Cortisol levels (p = 0.008, 
ΨǿƛǘƘƻǳǘ ǿƛƴŘƻǿΩ Ґ оΦмл-4.92, 
ΨǿƛǘƘ ǿƛƴŘƻǿΩ = 2.80-3.40) 
and melatonin levels (p = 
лΦллфΣ ΨǿƛǘƘƻǳǘ ǿƛƴŘƻǿΩ Ґ 
2.94-пΦмпΣ ΨǿƛǘƘ ǿƛƴŘƻǿΩ = 
20.52-28.96) were 
significantly different 
between the groups, higher 
cortisol levels were positively 
correlated with minor 

20 employees participated 
όƎǊƻǳǇǎΥ ΨǿƛǘƘ ǿƛƴŘƻǿΩ ǾǎΦ 
ΨǿƛǘƘƻǳǘ ǿƛƴŘƻǿΩ), activity & 
ambient light exposure 
measured with Actiwatch 
over 7 days, concentration of 
melatonin and cortisol 
measured from saliva, 
quantification of psychiatric 
disorders based on 
questionnaires, depression 
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Reference Country Study 
Design 

Outcome Main Results Method 

psychiatric disorders and 
depressive symptoms, lower 
melatonin levels were 
correlated with depressive 
symptoms and poor quality of 
sleep 

symptoms based on 
Montgomery-Asberg scale, 
quality of sleep based on 
Pittsburgh Sleep Quality 
Index 

(Cissé et 
al., 2017) 

USA Animal 
experi-
ment 

Depres-
sive-like 
behaviour 
(inheri-
ted) 

Chronic exposure of parents 
to light at night has 
multigenerational effect on 
offspring depressive-like 
behaviour, parental lighting 
altered offspring sucrose 
ŎƻƴǎǳƳǇǘƛƻƴ όǇ ғ лΦлрύΣ ΨŘƛƳΩ-
offspring increased floating 
time (p < 0.05), maternal 
exposure decreased 
hippocampal GR expression (p 
< 0.01) 

Adult Siberian hamsters 
(Phodopus sungorus) 
exposed to light at night for 
9 weeks (groups: dark - 0 lux 
vs. Dim - 5 lux), paired males 
and females in full-factorial 
design and offspring 
gestated, tested in 
adulthood for hippocampal 
expression of glucocorticoid 
(GR), for melatonin (MT1) 
receptor expression, time 
spent floating in Porsolt 
swim test 

(Min & 
Min, 2018) 

Korea Cross-
sectio-
nal 
study 

Depres-
sive symp-
toms, 
suicidal 
behaviour 

Compared with adults living in 
areas exposed to the lowest 
outdoor light at night, those 
living in areas exposed to the 
highest levels had higher 
likelihood depressive 
symptoms (OR = 1.29, 95 % CI 
= 1.15-1.46) or suicidal 
behaviors (OR = 1.27, 95 % CI 
= 1.16-1.39) 

Korean inhabitants (n = 
113,119 for depressive 
symptoms, n = 152,159 for 
suicidal behaviour) 
participated, outdoor LAN 
estimated via satellite data 
from the National Centers 
for Environmental 
Information, depression 
quantified based on 
Depression Scale, suicidal 
behaviour defined as the 
experience of suicidal 
ideation or attempt 

(Rybnikova 
et al., 
2016) 

Israel Cross-
sectio-
nal 
study 

Higher 
body 
mass, 
obesity 

Artificial light-at-night was a 
statistically significant positive 
predictor of overweight and 
obesity (p < 0.05) 

Satellite images of nighttime 
illumination (US Defense 
Meteorological Satellite 
Program) combined with 
country-level data on female 
and male overweight and 
obesity prevalence rates 
(reported by the WHO), 
adjustment for confounding 
variables 

(Fonken et 
al., 2010) 

Israel Animal 
experi-
ment 

Higher 
body 
mass, 
obesity 

Mice housing in bright cycle 
increased body mass and 
reduced glucose tolerance 
significantly compared to 
mice in dark cycle. Food 
consumption of mice in bright 
cycle was 55.5 % compared to 
36.5 % in dark cycle. 

30 male Swiss-Webster mice 
exposed to different 
light/dark-cycles (groups: 
16:8 bright cycle vs. 12:12 
dark cycle), contributing 
factors determining obesity 
measured 

(Obayashi 
et al., 
2019) 

Japan Cohort 
study 

Carotid 
atheroscle
rosis 

The group in the highest 
quartile of light-at-night 
exhibited a significant 
increase in mean carotid 

989 elderly people 
participated, mean intensity 
of light-at-night evaluated (4 
groups), carotid artery 
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Reference Country Study 
Design 

Outcome Main Results Method 

artery intima-media thickness 
(IMT) (0.028, 95 % CI = 0.005-
0.052, p = 0.019), compared 
to the group with lowest light-
at-night exposure, 
relationship found between 
light at night and maximal 
carotid IMT (0.083, 95 % CI = 
0.037-0.129, p < 0.001) 

intima-media thickness (IMT) 
measured as proxy for risk of 
carotid atherosclerosis, 
adjustment for confounding 
variables 

(M. Kim et 
al., 2018) 

Korea 

 

Animal 
experi-
ment 

Alz-
ƘŜƛƳŜǊΩǎ 
disease 

The lifespan of dim-light flies 
was significantly lower 
compared to dark-light flies (p 
< 0.001), flies overexpressing 
specific proteins in neurons 
showed significantly shorter 
lifespans compared to 
controls (p < 0.001), disrupted 
circadian rhythms, altered 
sleep-wake cycles due to 
increased proteins and 
neurodegeneration 

Drosophila flies exposed to 
dim light-at-night (groups: 
dim ς 10 lux vs. dark ς 0 lux) 
for 3 days, aggregation of 
phosphorylated tau proteins 
in the brain, dysregulation of 
locomotion, increased 
memory defects measured 
as proxy for risk of 
!ƭȊƘŜƛƳŜǊΩǎ ŘƛǎŜŀǎŜ 

The pathway of how people exposed to increased amounts of artificial light may develop cancer is built on 
the evidence that neurotransmitters located in the hypothalamus of the brain often react to light 
stimulation, which may result in the release of higher or lower amounts of selected hormones (Keshet-
Sitton et al., 2016; Weiler et al., 1997). For example, the suprachiasmatic nucleus (SCN) in the brain is a 
photoreceptive system.  This means it is controlled by light perceived by the retina of the eye. Thereby, 
the intrinsically photosensitive retinal ganglion cells (ipRGCs) are the most important photoreceptors 
regulating the internal clock and with that the hormone levels. Studies showed that the melanopsin release 
varies depending on light exposure and photoperiodic length. The stimulation of the ipRGCs is highest 
when exposed to light with a wavelength of 470 to 480 nm (blue range), which ultimately results in a 
suppression of the melanopsin production. However, this photopigment is essential for the biosynthesis 
of pineal melatonin, which may consequentially be downregulated due to ALAN (Paul et al., 2009). This 
hormone plays an important role for the immune system, especially in the detoxification process of 
radicals and the protection against inflammation. In the cancer disease progression, melatonin attenuates 
metastasis and tumor growth and has the potential to moderate the adverse effects of chemotherapy and 
radiotherapy. A successful immune response may be prevented resulting from a disruption of the natural 
melatonin production by a disturbed sleep-wake cycle due to ALAN (Moradkhani et al., 2019). Since 
melatonin is an especially important player in the progression of breast cancer (IARC, 2020), a common 
study design is to investigate the connection to light pollution by comparing the distribution of incidences 
with that of another cancer type that should be randomly distributed among the population (Bauer et al., 
2013; Lamphar et al., 2022). Cancer rates were also elevated in people working shifts that are more often 
awake at night and therefore prone to disruption of the circadian cycle. Excessive light exposure has mostly 
been associated with an increased risk of breast and colon cancer, but a linkage to pancreatic, rectal, 
lymphoma or kidney cancer has also been investigated (Parent et al., 2012). Other hormones regulated by 
the circadian clock are estrogen, progesterone, or dopamine, which may result in similar clinical 
implications if not released to regular amounts (Liu et al., 2020).  

Even small amounts of ALAN can disturb the part of the brain responsible for the sleep-wake cycle, which 
is once again the SCN located in the hypothalamus. Consequentially, LAN was associated with a decrease 
in sleeping quality, which was quantified as an increase of awake phases, increased brain activity, shallow 
sleep, or a delayed sleep onset (Cho et al., 2013). In some studies, participants were experimentally 
exposed to different intensities of LAN, while in others, levels of light exposure were assigned 
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geographically through satellite imagery (Esaki et al., 2019; Patel, 2019).  Since the influences on the 
circadian system vary with light exposure of different wavelengths, this factor is also considered in 
experimental studies regarding sleeping patterns. It was shown that blue light-enriched white light has the 
potential to improve sleep quality, performance, and concentration capacity (Viola et al., 2008). 

For instance, ALAN was further linked to depressive-like or suicidal behaviour. Again, circadian disruptions 
were found to negatively affect mechanisms of brain regions responsible for the emotional well-being 
(Bedrosian et al., 2016). Experimental studies with rodents showed that the gene expression in the 
hippocampus can be altered under the influence of electrical light, which consequently led to behavioural 
changes (Cissé et al., 2017; Fonken & Nelson, 2013). These findings were confirmed by cross-sectional and 
cohort studies that found disparities between self-reporting of depressive symptoms of population groups 
experiencing different levels of light emissions (Harb et al., 2015; Min & Min, 2018). Some researchers 
ǿŜǊŜ ŜǾŜƴ ŀōƭŜ ǘƻ ŘǊŀǿ ŀ ƭƛƴƪ ōŜǘǿŜŜƴ ŀŘǾŀƴŎŜŘ ƳŜƴǘŀƭ ŘƛǎƻǊŘŜǊǎ ƭƛƪŜ !ƭȊƘŜƛƳŜǊΩǎ ŘƛǎŜŀǎŜ ƻǊ 
Atherosclerosis by experimentally showing how subclinical markers worsened due to elevated levels of 
light exposure (Kim et al., 2018; Obayashi et al., 2019). 

Global trends suggest an overlapping development of obesity rates and light pollution, which has been 
shown in georeferenced models relying on remote sensing data (Rybnikova et al., 2016). This association 
was explained through various mechanisms: low melatonin levels, a reduced glucose tolerance, a 
disrupted circadian rhythm, disturbed eating patterns. An increase in body mass index was also reported 
in mice that were exposed to unnaturally high levels of electrical light and linked to both behavioural and 
physiological changes in the animals (Fonken et al., 2010). 
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2.1.2 Critical Assessment 

Box 2.1: Can we quantify the adverse health impacts of light pollution? 

 

 

Conclusions drawn from scientific studies must be carefully analysed in order to accurately quantify health effects of 
excessive light exposure. The following limitations and knowledge gaps were identified: 
 
Limitations 
First, studies relying on remotely sensed data may find a correlation between health status and the light 
exposure. Yet, brightness is often used as a proxy for the level of urbanization, which might be associated 
with a number of socio-economic drivers like monthly income, quality of diet, sanitary facilities, levels of 
air pollution, etc. For this reason, it is impossible to say with certainty if ALAN is the causal factor that led 
to a poorer health or if one or even a combination of the other variables was responsible, when solely 
basing evidence on satellite data (Lamphar et al., 2022; Patel, 2019; Rybnikova et al., 2016). An 
environmental justice study conducted in the US found that the socio-economic status is strongly linked 
to artificial light exposure. On average, neighborhoods predominantly inhabited by White Americans were 
two times less exposed to light pollution compared to where socially underprivileged Black, Asian, or 
Hispanic communities house (Nadybal et al., 2020). Such confounding variables also need to be considered 
in studies concerned with only one specific population group (e.g. nurses, shift-workers, flight attendants, 
factory workers). Even though it might be reasonable to assume that the disturbance of the circadian 
system is more problematic in some work environments compared to others, potential health problems 
that accumulate in these groups may not be inevitably caused by the excessive exposure to LAN. Several 
factors related to the workplace may put pressure on health and therefore cannot be explained by light 
pollution only. 
 
Second, light exposure experiments are often conducted on animals and subsequently, the findings are 
transferred to humans. In this case, an awareness of the physiological differences is essential. On one 
hand, it is legitimate to assume that a molecular change in the neurological tissue or an alteration of the 
genetic expression due to excessive artificial light exposure may also be an issue for humans if it was 
observed in animals (Bedrosian et al., 2016; Fonken & Nelson, 2013). On the other hand, we need to be 
careful when inferring discoveries of behavioural changes in animals to people. While a mouse might not 
be able to adjust its eating behaviour due to the lack of knowledge that brightness may not necessarily be 
equated to daylight, a human being might be able to do so (Fonken et al., 2010). 
 
Third, the result of a light pollution study is highly dependent on the measurement method used to 
quantify light exposure on an individual level. Many approaches employed to make a light exposure 
assessment are timely and geographically limited potentially leading to a misclassification. This is a 
common limitation of studies relying on measurement with a large geographic scale such as satellite 
imagery or studies depending on self-evaluations using questionnaires. Inaccurate exposure-response 
relationships may also be drawn if historic light exposures are neglected when investigating a specific 
health outcome (Jones 2020). 
 
 Finally, it is crucial that natural and artificial light sources are separately analysed when interested in the 
effect of light pollution, since they greatly differ in characteristics like spectral composition and timing of 
exposure (Harb et al., 2015; Parrado et al., 2019). 
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2.2 Biodiversity 

Species from several taxa depend on a natural day-night cycle, hence cumulative encounters with artificial 
light sources disrupting this rhythm may alter their behaviour, activity and physiology. Especially affected 
by light disruptions are species triggered by seasonal day length stimuli or nocturnal species, whereby the 
negative effects on animals active at night are more pronounced (Sanders et al., 2021). This may be 
explained by the fact that lighting systems used to illuminate urban places are adapted to the human 
daytime eyes. However, nocturnally active organisms have dark-adapted eyes that perceive such light 
sources significantly brighter. Globally, 30 % of all vertebrates and 60 % of all invertebrates are nocturnal 
and therefore fall into a species group that immensely suffers under the influence of light pollution (Hölker 
et al., 2010). Compared to humans, most animals perceive different wavelengths, which makes a 
characterization of how excessive light emissions affect the wildlife difficult. While some animals may not 
see the long wavelengths (red or yellow) which we perceive, others are able to detect shorter wavelengths 
(white or blue) beyond the blue-violet part of the spectrum well into the ultraviolet area. The latter are 
especially sensitive to LED (light emitting diode) lights emitting mostly white and blue light that have 
gained increasing importance in the past decades due to their energy-efficiency (Commonwealth of 

Assessment 
Overall, the literature provides evidence of how excessive exposure to ALAN may result in an increased 
risk of cancer. Cohort studies and a variety of case-control studies have reproduced the same findings, 
which were further explained with a physiological pathway that is comprehensible and also sensible (Bauer 
et al., 2013; Keshet-Sitton et al., 2016; Kliukiene et al., 2001; Parent et al., 2012). Likewise, exposure to 
LAN was shown to decrease the quality of sleep, which might even lead to further health problems such 
as chronic sleeping disorders (Cho et al., 2013; Esaki et al., 2019; Suh et al., 2018; Viola et al., 2008).  
 
Animal experiments and epidemiological studies based on self-reporting suggest an association between 
light pollution and depressive symptoms. Whether this is an indirect effect of ALAN that may increase the 
incidence of a disruptive sleeping pattern needs to be further investigated (Bedrosian et al., 2016; Fonken 
& Nelson, 2013). The evidence for the association between light pollution and an increase in body mass or 
even obesity is lacking specificity, meaning that there might be a correlation, but we cannot infer causality. 
Since most of the studies investigating an association between light pollution and overweight provide 
evidence on the basis of satellite imagery and only a few animal studies were able to reproduce these 
findings, more research is necessary to correct for confounding factors and draw final conclusions. Remote 
sensing data has the potential to estimate artificial light exposure on a wide geographical scale, but is 
however limited in its ability to assign exposure data on an individual level. 
 
While, the cohort study investigating a relationship between light pollution and atherosclerosis provided 
ǇƭŀǳǎƛōƭŜ ǊŜǎǳƭǘǎΣ ǘƘŜ ŜȄƘƛƭŀǊŀǘŜŘ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ !ƭȊƘŜƛƳŜǊΩǎ ŘƛǎŜŀǎŜ ǇǊŜǎǳƳŀōƭȅ ŎŀǳǎŜŘ ōȅ ŜȄǇƻǎǳǊŜ ǘƻ 
ALAN experimentally tested with flies and the transferability of these findings to the human physiology 
should be followed up with further research (Obayashi et al., 2019; Kim et al., 2018). 
 

Knowledge Gap 
In conclusion, many studies advocate that excessive exposure to ALAN is likely to result in an increased 
risk of cancer or a sleeping disorder. To infer a causal relationship to depression and obesity, more studies 
with different study designs should be conducted to strengthen the found evidence. There is reason to 
believe that light pollution may also play a role in ŘƛǎŜŀǎŜǎ ǎǳŎƘ ŀǎ ŀǘƘŜǊƻǎŎƭŜǊƻǎƛǎ ŀƴŘ !ƭȊƘŜƛƳŜǊΩǎ ŘƛǎŜŀǎŜΣ 
which will need to be investigated in more detail. To correctly determine the health risks associated with 
light pollution and also further elucidate potential uncertainties in regard to cancer, additional studies 
should be conducted at the individual level over longer time periods and at small geographic scales, 
preferably including retrospective exposure estimates (Jones, 2020). 
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Australia, 2020). Figure 2.2 illustrates different species groups and their sensitivity to specific wavelengths 
on the spectrum in comparison to what the human eye perceives.  
 
Figure 2.2:  Spectral perception of species from different taxa 

 

Note: Spectral sensitivity curves of selected vertebrate and invertebrate representatives, illustrating the wide variety 
of light detection systems encountered. Vertebrates: human Homo sapiens, mouse Mus musculus, chicken Gallus 
domesticus, Salamander Salamandra, goldfish Carassius auratus. Invertebrates : elephant hawk moth Deilephila 
elpenor, dragonfly Hemicordulia tau, butterfly Papilio Xuthus, annelid worm candida, nocturnal spider Cupiennius 
salei. 

Source:  Reproduced from Falcón et al., 2020. 

 
Linked to light pollution, ecologists have found evidence of impaired migration patterns, foraging 
strategies, reproduction habits or communication systems which was further connected with increased 
mortality and altered community structures. Consequentially excessive artificial lighting negatively 
impacts the global biodiversity and plays an important role in changing ecological interactions (Sanders et 
al., 2021). 
 

2.2.1 Behavioural Changes 

Disorientation Threatening Migration and Survivability 
Artificial lighting may impair the navigational skills of species from various taxa. A common example are 
the newborn sea turtles that were found to struggle in finding the ocean when emerging onto the beach 
after hatching. Usually their innate instinct navigates them away from dark constructs such as dunes or 
vegetation onshore. Nowadays, many beaches are artificially lit which gives the hatchlings a contradictory 
signal guiding them landward. Due to dehydration, exhaustion, or increased predation on land survival 
rates may suffer (Witherington & Martin, 2003). 
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Another species group experiencing that artificial light at night hampers with their sense of direction are 
nocturnally migrating birds. Once again, this may result in a significant loss of their energy reserves and 
increased morality. A variety of bird species orient themselves by making use of two navigational systems: 
first via celestial objects in the night sky and second through an inner compass depending on the global 
magnetic field. The first navigational tool becomes ineffective when the night sky is brightened and the 
visibility of the moon and the stars deteriorates. This phenomenon is most precarious in the North Sea or 
the Northern Gulf of Mexico where oil platforms are intensely lit with floodlights for nightly operations. 
Many nocturnal birds are attracted to these large light sources and get disoriented. The second orientation 
ƳŜŎƘŀƴƛǎƳ Ƴŀȅ ŀƭǎƻ ōŜ ƛƳǇŀƛǊŜŘ ŘǳŜ ǘƻ ŀǊǘƛŦƛŎƛŀƭ ƭƛƎƘǘƛƴƎΣ ōŜŎŀǳǎŜ ŀ ōƛǊŘΩǎ ƳŀƎƴŜǘƛŎ ŎƻƳǇŀǎǎ ƛǎ 
wavelength conditioned. Experimental studies have shown that light containing less or no visible 
wavelengths are utilized for magnetic compass orientation. Therefore, light sources emitting the white, 
ōƭǳŜ ƻǊ ƎǊŜŜƴ ǇŀǊǘǎ ƻŦ ǘƘŜ ǎǇŜŎǘǊǳƳ ǿŜǊŜ ŦƻǳƴŘ ǘƻ ƘŀǾŜ ƴƻ ǎƛƎƴƛŦƛŎŀƴǘ ƛƳǇŀŎǘ ƻƴ ǘƘŜ ōƛǊŘΩǎ ǎŜƴǎŜ ƻŦ 
direction whereas red light interfered with their inner compass and may cause them to lose their migratory 
routes (Poot et al., 2008). Another light-related source driving up mortality rates for several bird species, 
is the reflection of city lights in large constructs. Birds often fail to perceive business buildings or 
construction sites as barriers and are attracted by the reflected light, which may end in fatal collisions (Lao 
et al., 2020). 
 
When investigating the adverse effects of anthropogenic light on insects, most research has been directed 
towards the increased mortality rates due to their attraction by lighting installations. Many insect groups 
show some kind of flight-to-light behaviour, where two scenarios are the most likely cause of death. Either 
individuals fly directly into the lamp and die due to the high temperature or as more often observed insects 
circle the light source for an unlimited amount of time until they are attacked by predators or perish due 
to exhaustion (Eisenbeis & Hänel, 2009). Mortality rates due to this phenomenon were shown to be 
temperature and also wavelength-dependent, whereas the impact was 48 % more severe for LED-based 
lighting installations (Pawson & Bader, 2014). Adjusted population behaviour was observed in a study 
comparing urban with rural moths. Individuals flying in areas with high densities of street lighting were 
found to be less attracted by light sources, which is most likely an evolutionary transition increasing 
survivability of urban moths (Altermatt & Ebert, 2016). 
 
Reduced Reproductive Success 
Many marine species time gamete release into the water based on natural light regimes. A classic example 
is the reproductive synchronization of the Pacific palolo worm. This species only mates once a year through 
cross-fertilization of epitokes (body parts containing gametes). Such spawning events are initiated by the 
exact lunar intensity of the third quarter moon and therefore a harmonized timing of the gamete release 
is dependent on the ability of both genders to perceive the moon cycles (Naylor, 2001). A similar 
reproductive periodicity is observed in coral colonies. Planulation (release of fertilized larvae) of several 
different species is timed according to lunar intensity (Tanner, 1996). Zooplankton also depends on light 
signals to synchronize their population behaviour, but this time related to the day-night rhythm. Usually, 
the decreasing light intensity at night is used as a signal to coordinate the timing to spawn. When the 
sunlight disappears, the zooplankton migrates towards the sea surface (Cohen & Forward Jr, 2009). In light 
polluted marine environments, skyglow caused by anthropogenic light emissions may however mask the 
moon light, negatively affecting reproductive success of the species. 
 
Once again, the sea turtle is an oceanic species found to modify their reproductive behaviour. Adult female 
sea turtles avoid brightly lit beaches leading to an accumulation of nests on uninhabited shores exposed 
to low light intensities. Besides affecting the selection of the nesting site, light pollution was further found 
to play a major role in the success of the oviposition. Female turtles attempting to lay eggs, were observed 
to be stressed on beaches exposed to artificial lights which often resulted in a premature return to the 
water failing to complete the nesting procedure. This finding was consistent in six different species and 
linked to a global decline in population numbers (Witherington & Martin, 2003). 
 



 
 

 

ETC HE Report 2022/8 20 

Furthermore, there has been an increase of endangered nocturnal amphibians because anthropogenic 
light at night runs interference with their mating procedure. The common toad (Bufo bufo) has been in the 
focus of research to study the effect of illumination on the male reproductive behaviour. Light-exposed 
males were found to take more time to find a female to pair with and would end the fertilization 
prematurely before the female oviposition was complete. The latter was a phenomenon never observed 
with natural light conditions (Touzot et al., 2020). On the other hand, female frogs were found to be less 
selective when choosing a mating partner in heavily light polluted regions. The presumed hypothesis for 
this behaviour adjustment is that females prefer to mate quickly to reduce activity when exposed to 
artificial light to a minimum. It might be an evolutionary adaptation to counteract the weaker performance 
of the other sex, however accepting qualitative declines in the offspring (Rand et al., 1997). 
 
Artificial light was also found to alter reproductive patterns in terrestrial species such as the tammar 
wallaby. Individuals with a distribution range with close proximity to urbanized areas and therefore 
increased exposure to anthropogenic lighting were found to have an impaired sense of the seasonal 
rhythm, which was further connected to delayed delivery times and reduced survivability of the offspring 
(Robert et al., 2015). 
 
Altered Communication Systems 
A variety of species practice light-dependent communication and are therefore especially prone to 
disruptions by artificial lighting systems. Bioluminescent cues or lunar cycles are used by both terrestrial 
and aquatic species to send signals to other individuals of the same species (Davies et al., 2014). While, 
female glow worms use bioluminescent flashes to inform conspecific males of their willingness to mate on 
land, oceanic algae use bioluminescence as a defence mechanisms to attract large predators that may 
protect them against feeders in the ocean. Both communication systems were found to be altered by 
excessive light emissions and may result in mortality rates (Elgert et al., 2020; Haddock et al., 2010). 
Another terrestrial species known to use light as a sensory information system is the firefly. Populations 
living in heavily light polluted areas were found to significantly reduce their luminescent activities due to 
limited success in reaching other individuals from the same species (Firebaugh & Haynes, 2016). 
 

2.2.2 Adjusted Activity Patterns 

Adjusted Foraging Strategies 
Several species either use darkness or light as a resource to forage. While the dark is utilized as protection 
from predators, the light is necessary to detect food sources. Depending on the balance of bright and dark, 
activity patterns may shift positively or negatively affecting organisms (Gaston et al., 2013). Especially prey 
species are forced to reduce their harvesting activity in areas affected by light pollution. In Florida, Santa 
Rosa beach mice were found to avoid brightly lit patches in their search for food (Bird et al., 2004). Artificial 
light was further shown to impair the ability of the grey tree frog to detect food sources and foraging 
activity was immensely reduced with illumination (Buchanan, 1998). 
 
On the other hand, predatory birds were found to be increasingly active in artificially illuminated regions, 
extending their foraging periods. For instance, Northern mockingbirds were increasingly observed to feed 
on nestlings after sunset in areas affected by light pollution (Stracey et al., 2014). Several bat species are 
profiting from the white light emitted by energy-efficient streetlamps. They were found to orbit the 
streetlamps to forage on insects attracted and exposed by them (Blake et al., 1994). 
 
Mis-timed emergence 
Light intensity, colour and timing may affect emergence in several species. Bats roosting in areas affected 
by light pollution were found to leave their nest later than they would under natural light conditions. 
Delayed emergence may have a cascading effect resulting in lower success rates while foraging due to 
reduced time for food detection or missing out on the time period insect activity peaks (Downs et al., 2003; 
Rydell et al., 2017). 
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On the contrary, earlier emergence was observed for several bird species affected by light emissions in 
experimental studies. At what time blue tits would leave the nest was for instance found to be solely 
dependent on the light intensity directly before sunrise (Schlicht et al., 2014). 
 

2.2.3 Physiological Alterations 

Altered Hormone Regulation 
Experiments with artificial lights and species from various taxa provide evidence for adverse effects on the 
metabolism and hormone levels which was further linked to immunological processes or the metabolism.  
Stress hormone levels were investigated in song birds and shown to be increased when repeatedly 
exposed to artificial light sources, especially those with high content of shorter wavelengths in the white 
part of the spectrum. This was further linked with reduced reproductive success (Ouyang et al., 2015). 
Another experimental study showed, that the illumination of nesting sites resulted in an altered immune 
response of newborn wild great tits. Different levels of two important markers needed to develop 
sufficient immune protection were found, compared to nestlings exposed to a natural day-night cycle 
(Ziegler et al., 2021). 
 
Impaired development 
Clownfish hatchlings use the onset of darkness as a cue to hatch, because under natural conditions 
hatching at night is much safer due to a reduced predation pressure. As a consequence of this congenital 
behaviour, eggs with constant light exposure fail to hatch, resulting in reduced offspring in heavily light 
polluted waters (Fobert et al., 2019). Another experimental study with European sea bass showed that a 
disruption of the natural day-night cycle through constant light exposure resulted in impaired larval 
development, numerous malformations and overall higher mortality (Villamizar et al., 2011). Experimental 
light treatment showed adverse effects in all developmental stages of the wood frog. While embryos were 
less successful in hatching and tadpoles shown to be more susceptible to parasitic infections, the size of 
adults was significantly increased during metamorphosis and swimming skills impaired (May et al., 2019). 
 
Molecular mutations 
Transcriptome-wide gene expression was investigated in tadpoles from brightly illuminated ponds. 
Mutations were mainly found in genetic regions responsible for the innate immune response but also the 
lipid metabolism (Touzot et al., 2022). Similar molecular analyses in mosquitos revealed a relationship 
between artificial light and altered genetic expression in genes regulating gametogenesis, immunology 
and metabolism. Additionally, evidence was found for sex-dependent reactions to light influence (Honnen 
et al., 2016). 
 
Adverse effects on plant physiology 
Plants depend on sunlight to produce energy via photosynthesis, to evaluate vicinity to competing 
vegetation, to orient themselves within the canopy and to detect seasonal changes via day length (Smith, 
1982). Since artificial light has the power to obscure cues given through the natural light cycle, plants are 
prone to adverse effects caused by light pollution. Grassland was experimentally exposed to lighting levels 
typically measured in the suburban regions of England providing evidence for physiological changes in 
terms of flowering time, biomass, community composition and plant cover (Bennie et al., 2016). 
Accordingly, deciduous trees were found to bloom earlier and lose their leaves later in the year when part 
of an artificially illuminated ecosystem. Such drastic phenological alterations may further result in poorer 
health, survivability and reproductive success (Ffrench-Constant, R. H. et al,. 2016Τ ~ƪǾŀǊŜƴƛƴƻǾł Ŝǘ ŀƭΦΣ 
2017). Invasive plants were found to flourish under artificially illuminated conditions resulting in reduced 
fitness of native plants and a significant change in species composition (Murphy et al., 2022). Research 
directed towards increasing the economic value of soybeans found that artificial lighting resulted in 
genetic changes, which was further linked to delayed flowering times, altered growth and yield loss  
(Kim et al., 2012). Altered plant physiology caused by anthropogenic lighting systems may spill over to 
pollinators and herbivores and have negative implications for entire food webs (Bennie et al., 2016). 
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2.2.4 Conclusive Remarks on the ecological consequences 

Box 2.2: How can the ecological evidence be interpreted? 

 

2.3 Ecosystems 

The increased night sky brightness caused by anthropogenic light emitted upwards and scattered through 
particles in the atmosphere has the potential to obscure the comparatively low natural luminance level of 
the night sky. Thereby, the impaired vision of celestial objects because of light pollution is a clearly visible 
ecological impact. On a moonless night, a light intensity of about 22 magnitudes per square arcsecond 
(mag/arcsec2) is emitted by the stars, the Milky Way and the zodiacal light. If the artificial sky brightness 
exceeds 10 % of these natural light levels which is a luminance of more than 14 micro candela per square 
meter at the zenith (˃ŎŘκƳ2), the condition classifies as light polluted sky. Today, 83 % of the global 
population and over 99 % of the people in Europe or North America live in light polluted environments 
(Falchi et al., 2016). Light pollution is not just a problem of urbanized areas but may also affect the night 
sky in rural settings. A city with approximately 1.5 million inhabitants has the potential to increase the sky 
brightness by 25 % at a locality up to 80 km away in the countryside. Additionally to this luminance, rural 
light sources intensify the sky glow (Gallaway et al., 2010). Light pollution may be further intensified 
depending on the weather conditions and amount of particles lingering in the lower atmosphere. For 
instance, cloud cover was found to amplify sky luminance by 2-10 times and an increase of selected 
aerosols was significantly linked to a brightening of the night sky. Under unfavourable atmospheric 
conditions, the combined luminance emitted by urban artificial light sources results in diffuse background 
lighting comparable to relatively bright summer moonlight typical for localities at high elevations. It has 
been estimated that 5 % of the global landmass is regularly exposed to such luminance levels, as is 23 % 
of North America, 37 % of the countries in the European Union and 54 % of Japan (Kocifaj & Barentine, 
2021; Kyba et al., 2011). 
 
Besides the explained astronomical light pollution, the term ecological light pollution has been defined as 
artificial light disrupting the natural light-dark cycle of ecosystems, putting the focus on the negative 

The published research reporting on the negative impacts artificial light elicits on the global biodiversity 
has shown that various animal species suffer from behavioural, habitual and physiological changes, which 
often results in a fitness loss. In case current light pollution trends progress, the proportion of ecosystems 
unaffected by artificial light regimes will continue to decline and with it these adverse effects will prevail 
or even increase. 
 
However, the knowledge of ecological consequences caused by ALAN is still limited, and the field holds 
many possibilities for applied research to underline preliminary findings from the laboratory. In order to 
quantify the ecological threat, an assessment of species particularly vulnerable to changes in the natural 
day-night cycle paired with their potential of being exposed to anthropogenic light is necessary. The 
current body of literature is mainly focused on terrestrial animals, mostly insects, birds or amphibians, 
inhabiting the temperate climate zones, while other species groups and ecosystems have largely been 
neglected. The tropics are characterized by stable day lengths with minimal seasonal variations 
throughout the year and are therefore prone to disruptions by artificial light disturbing these constant 
patterns. Also highly under-researched are aquatic ecosystems, where natural light cues are of central 
importance for species dynamics. Furthermore, light pollution is often correlated with a variety of human 
disturbances such as noise, chemical contamination or construction, which may elicit cumulative and 
confounding effects on wildlife. Studies on natural populations involving complete ecosystems by 
regarding species dynamics and trophic interactions are rare. Up until today, artificial nighttime light has 
not completely established its recognition as an environmental threat and is often not included in the 
planning of conservation concepts or monitoring protocols that could reliably quantify the negative 
ecological consequences of light pollution (Davies et al., 2014; Gaston et al., 2012; Longcore & Rich, 
2004). 
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ecological consequences concerning trophic interactions and ecosystem functioning. At the beginning of 
this century, over 18 % of the global land mass was light polluted and this number was shown to increase 
yearly. Illuminated cruise ships, flares of hydrocarbon platforms and flood lights on fishing boats further 
ŘƛǎǊǳǇǘ ǘƘŜ ƴŀǘǳǊŀƭ ƴƛƎƘǘ ǎƪƛŜǎ ƻǾŜǊ ǘƘŜ ǿƻǊƭŘΩǎ ƻŎŜŀƴǎ (Longcore & Rich, 2004). An example of how light 
pollution may negatively impact entire ecosystems is through reducing landscape connectivity. The 
permeability of the environment determines the ability of animals to move between habitats and is 
necessary to prevent a fragmentation into small subpopulations. Connecting habitat patches has been a 
priority in conservation practices, traditionally focusing on structural improvements such as building 
corridors, reducing barriers to movement or increasing patch size. Since anthropogenic light is an 
important non-structural driver negatively impacting landscape connectivity, it is important to incorporate 
light pollution into sustainable wildlife management plans (Laforge et al., 2019). Ecosystem dynamics may 
further be disrupted through impacts on trophic interactions. This was found to be especially problematic 
when a keystone species, serving as both a food source for predators and an important player in 
maintaining ecosystem health, experiences a fitness decline resulting in a reduced survivability due to light 
pollution (Jechow et al., 2021).  
 
Depending on the lighting source the emitted light may differ in spectral, temporal and spatial 
characteristics. The values in all three categories may vary tremendously, making a quantification of the 
effect on natural light regimes difficult. In previous attempts to identify the ecological implications of light 
pollution such combined negative ecosystem effects were often not anticipated, which may have led to 
the general notion that negative ecological effects are rather localized or restricted to only a few light-
sensitive species groups (Gaston et al., 2013).  
  










































































