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Abstract:

Both climate change and light pollution are severe and perhaps existential threats to our planet. Historically, these have been treated
as two separate issues, but due to increased research, there has been recognition of the connection between these two challenges.
This study explores both the causes of these problems and the potential synergies in addressing these issues, ranging from automatic
light sensors to solar lanterns. By recognizing the overlap between these challenges, this paper emphasizes the importance of
integrated strategies that address both issues together to maximize benefits.
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1. Introduction

As humanity faces the ever-escalating challenges of climate change, light pollution emerges as an unexpected, yet impactful, factor
in the equation. While these two issues have historically been treated separately, there is a growing recognition of their
interconnectedness and the need for an integrated approach to simultaneously address both issues. That is why this paper argues
that addressing light pollution and climate change in tandem can create opportunities to more effectively reduce light pollution
while advancing global sustainability goals, particularly through the use of light accessories, educational campaigns, and
international collaboration.

Climate Change and Its Impacts

To begin with, climate change is generally defined as a long-term change in weather patterns and temperatures that has historically
been linked to natural phenomena, such as large volcanic eruptions. While this has been the case, more recent climate change has
been linked to human activities, particularly the burning of fossil fuels. By burning fossil fuels, humanity has inadvertently trapped
enough greenhouse gases in the atmosphere to warm the planet by 1.1 degrees Celsius, or 1.9 degrees Fahrenheit, since pre-
industrial times. Although this may not seem like much, even small increases in global temperatures can have outsized impacts on
the environment and humanity. That is why scientists around the world urge humanity to limit global warming to no more than 1.5
degrees Celsius by 2100 to avoid the worst impacts of climate change (United Nations, 2020).

If humans continue to rely on fossil fuels, there will be significant consequences for the world economy. It is predicted that even
if humanity is able to keep the planet’s temperature well below 2 degrees Celsius by 2050, compared to pre-industrial times, the
planet will have warmed enough to reduce global GDP by 4 percent—or five trillion USD—compared to today’s global GDP.
While this is concerning, it pales in comparison to the 18 percent reduction in worldwide GDP, or 20 trillion USD, that could result
if humanity blatantly ignores climate change (Marchant, 2021; International Monetary Fund, 2024). Therefore, if humanity does
not do anything about climate change, it will significantly reduce worldwide GDP.

In addition to this loss of global GDP, climate change will also result in more people dying. Currently, the World Health
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Organization predicts that climate change will cause an additional 250,000 deaths each year between 2030 and 2050 (World Health
Organization, 2023). However, this estimate may be on the low end of the spectrum, with some predictions suggesting that the
number could reach 500,000 per year when additional impacts of climate change are factored in (Sprinmann et al., 2016). There-
fore, millions of people will die in the next 30 years from preventable causes if humanity does not take immediate action on climate
change. Addressing light pollution can help mitigate some adverse effects of climate change.

Light Pollution and Its Influence on Climate Change

Light pollution refers to the excessive or inappropriate use of artificial light, particularly in urban and suburban areas.
Examples of this include streetlights, office lights, car lights, and other lighting sources that not only brighten the night sky,
but also the surrounding area (National Geographic, 2024). The reason why this is a problem for climate change is because
light sources are commonly powered by energy that produces significant CO2 emissions, such as oil. Therefore, by having
excessive, inefficient, or wasted light, it can lead to more CO2 being released into the environment than necessary. However,
if the United States were to reduce its light pollution, it would be able to save almost 200 million metric tons of CO2 from
being released every year by 2035, which would also save billions of dollars each year for the country (U.S. Department of
Energy, 2022). While this is significant, the reduction in CO2 pales in comparison to the roughly 900 million tons of CO2,
or 1.67 percent of all greenhouse gasses emitted, that could be prevented each year if energy consumption around the world
was cut in half (UNFCCC, 2023; Ritchie et al., 2024). Thus, reducing light pollution can have a considerable effect on
climate change.

Light Pollution and Its Influence on Humans

Alongside light pollution being bad for the environment, it is also bad for the health of people. An example of this is how 3 -
40 lux of light, which is significantly less than most electronic devices, can cause a reduction in melatonin by 50 to 90
percent, all within an hour (Brown, 2020; Gooley, 2011; Higuchi, 2014; Mclntyre, 1989; Obayashi et al., 2021). In turn, this
reduction in melatonin, while relatively insignificant for one night, can create an increased risk of diabetes, obesity, high
blood pressure, and several forms of cancer if a person were to experience this reduction over multiple years (Blask et al.,
2014; Chepesiuk, 2009; Cho et al., 2015; Karska et al., 2024; Mason et al., 2022; Walker et al., 2020). Therefore, light
pollution can be a significant risk to the physical health of a person. However, it can also affect the mental health of a person
as well.

When someone experiences light pollution over many years, it can lead to a phenomenon called” light pollution anxiety”.
This form of anxiety, caused by prolonged light exposure, can cause a person to feel constantly exposed and unable to relax.
In turn, this anxiety can lead to higher levels of stress, depression, mood disorders, and even suicidal behavior (Karska et al.,
2024; Min et al., 2018; Obayashi et al., 2021; Paksarian et al., 2020; Walker et al., 2020). Therefore, light pollution can have
a major impact on a person’s mental and physical health, and that is why policymakers must do something about light
pollution.

2. Policy Recommendations

Integrated Lighting and Energy Policies

With light pollution being able to create major impacts for climate change and a per- son’s health, policymakers in the United
States must develop policies that address light pollution.

Dimmers

An action that the government could potentially take to reduce light pollution and CO2 emissions would be to subsidize
physical dimmers. Dimmers are switches that are able to rapidly cut off and restart the flow of energy within a light bulb. By
having this process, a person is not only able to control the brightness of a light, but they are also able to control how much
energy the light bulb uses, even if it is not a 1:1 ratio. However, this efficiency can be boosted further by the potential addition
of triode alternating currents, or TRIAC switches. TRIAC switches are systems that are able to alternate between power and
no power within a light bulb hundreds of times a second, resulting in dimmer lights and more energy saved (Smith et al.,
2005). Although either of these options would prove beneficial, they are associated with a variety of problems.

While dimmers have the potential to save energy, they do come with a major problem, primarily their high costs. With
dimmers requiring several hours of professional labor to install, it could become expensive for the government to subsidize
dimmers, especially considering that the dimmer itself also costs money. Therefore, a more effective approach would be to
require newly built homes to have dimmers. This allows the government to reduce the energy and CO2 emissions of these
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new houses while only raising the costs of these homes by a few hundred dollars, which isn’t much in the grand scheme of
things. Thus, this can be an effective method for the government to reduce light pollution and CO2 emissions. Another such
approach that can be utilized is household sensors.

Household Sensors

Since some individuals may prefer alternatives to dimmers, policymakers should add other technologies to satisfy these new
regulations, such as household sensors. These are devices that are able to create an efficient, yet optimal, light level by
monitoring and responding to environmental changes within an area. Through this device, people are able to reduce their
energy consumption from lighting by an average of 30 to 60 percent, alongside a proportional reduction in light pollution
and CO2 emissions (International Energy Agency, 2024; U.S. Department of Energy, 2022). Thus, this can be a cost-
effective way for the government to help reduce light pollution, CO2 emissions, and the cost of living at the individual level,
especially considering that most of these sensors are priced at a few hundred dollars. However, to effect change at the local
level, the government must take another approach.

Sensors on Public Lighting

In order to create change at the local level, the Federal Government of the United States should utilize a stick-and-carrot
approach to push cities to use more light accessories in public spaces. One such light accessory that should be included within
this approach is sensors. These devices use a variety of methods, such as light levels, temperatures, sound waves, and
microwave waves, to detect the movement of people and vehicles within a specified area. Once detected, these devices are
able to turn on a light until a person or vehicle has moved out of range, at which point the sensor turns off the light. By
implementing this system, cities and communities can reduce their energy use from public lighting by an average of 20-60
percent, with the possibility that this percentage could be higher in areas with little to no traffic (Sadeghian et al., 2024 ). In
addition to this reduction in energy consumption, smart sensors will also be able to reduce the amount of light hitting
residential buildings, thereby improving the health of its citizens in the long term. Therefore, this can be an effective method
to reduce both light pollution and CO2 emissions. However, other solutions should be considered, as this method is fairly
expensive.

Light Shields

Another accessory that can be utilized in the stick-and-carrot approach is light shields. These are barriers placed around a
light bulb that direct a bulb’s light downward. The reason these are better than regular lights is because unshielded lights can
theoretically waste up to sixty percent of their light in non-beneficial directions, such as towards the sky. And so, by using
shielded lights, a city can utilize lights that are half as energy intensive while also getting the same amount of brightness as
unshielded lights, thereby saving money and energy (International Dark-Sky Association, 2023; Falchi, 2011). Therefore,
for these reasons, the government should pursue a stick-and-carrot approach when convincing cities to implement this, and
other, light accessories within their area. However, to ensure the maximum effectiveness of these policies, a public awareness
campaign should also be created.

Public Awareness
Educational Campaigns on Light Pollution

While creating and implementing policy is a step in the right direction, this step can be reinforced by changing public
perceptions about light pollution. One way to achieve this is through comprehensive educational campaigns that target
schools, communities, and social media platforms about the dangers of light pollution. For example, public service
announcements (PSA) on television could target an older audience, while social media initiatives could leverage influencers
and shareable infographics to engage younger audiences, thereby helping to raise the awareness of this issue for multi-
demographics. The one problem with this is that these campaigns can be somewhat costly, with the cost of these campaigns
ranging from a few hundred dollars for a small-scale community workshop to potentially millions of dollars for a high-
quality public service announcement campaign. However, the reduction in environmental harms from an increased awareness
about light pollution could offset these costs over time, thereby making it a potential option to consider.

Community Initiatives

By prioritizing sustainability in the design of cities, urban planners will be able to reduce energy consumption, CO2
emissions, and light pollution. One way to do this is by implementing light source regulations. These are policies and
guidelines that control the amount, direction, and type of artificial light used at night. An example of how powerful these
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regulations can be when focused on smart LED lighting is seen in Tucson, AZ. By spending about 11 million dollars, the
city was able to convert approximately 19,000 inefficient sodium streetlights to more efficient LED streetlights. Not only
did this switch reduce the energy consumption within the city by 70 percent or more, but it also significantly reduced the
maintenance costs of these lights, as LED lights last longer than their sodium counterparts. Together, these changes helped
save the city more than two million dollars a year, with an expected payback period of about five years (City of Tucson 2016;
Citylab Insights and Northeast Group, 2022; International Dark-Sky Association, 2019). In addition to these positive
changes, the switch also reduced the number of lumens emitted by the lighting system by about 63 percent, which helps
reduces the amount of light pollution impacting people in their daily lives (Citylab Insights and Northeast Group, 2022;
International Dark-Sky Association, 2019). Therefore, these changes have been tremendously beneficial for the city and its
residents.

International Collaboration

Given the global nature of light pollution and climate change, countries around the world must take action to reduce these
issues. With many of the developed countries either having sufficient laws on light pollution, or needing similar laws as the
United States, a less talked about idea is having developing countries take steps to reduce these issues. This is especially
important considering that these countries are expected to industrialize over the next few decades. And so, in order to create
a sustainable culture that reduces CO2 emissions, these countries should embark on a journey to adopt sustainable policies.

One such policy that developing countries can adopt, if they have not already, is mandatory labels on light-related products.
These policies, which could be modeled after the United States Energy Star, would require companies to label their products
in order to remain on the market. The reason these labels are beneficial is because they provide standardized information on
the efficiency of a product, which helps consumers make an informed decision about their purchases. Not only does this
empower consumers to select cost-effective products that save energy, but it also creates a strong market incentive for
companies to develop more efficient products. (International Energy Agency, n.d.; Hong, W., Tang, X., & Zhu, X., 2023)
Therefore, this law would be a practical step towards sustainability.

In addition to these labels, countries can use Minimum Energy Performance Standards (MEPS) to enhance the benefits of
these labels. MEPS are legally enforceable regulations that require certain products, such as lightbulbs, to meet specific
efficiency thresholds in order to remain on the market (Gonzalez-Torres et al., 2023). An example of this is how the United
States now mandates that light bulbs must produce the equivalent of 120 lumens per watt in order to stay on the market,
which is one of the highest in the world. (Budryk, 2024). However, expecting less developed countries to immediately adopt
such high standards would be impractical (International Energy Agency). That’s why developing countries should adopt
gradual efficiency standards while addressing key barriers to their implementation.

A key barrier preventing developing countries from implementing these standards is the high cost of efficient lighting relative
to the income of its citizens. An example of this is how 85 percent of people in Sub-Sahara Africa make less than 5.5 dollars
a day, which is not enough for the average person to afford the relatively more expensive LED lighting, while also being
able to afford basic necessities like food. (Castaneda Aguilar et al., 2019). Therefore, many of these people usually choose
cheaper types of lighting, such as incandescent bulbs, to light their homes. However, that is, if they have any electricity at
all.

Another problem that countries need to address is the lack of reliable electricity for their citizens. Not only can this be seen
around the world, with almost 2.4 billion people not having access to reliable forms of electricity, but it can also be seen in
specific areas, such as Sub-Saharan Africa, where only 51.5 percent of the population has access to electricity. (World Bank,
n.d.; Energy Sector Management Assistance Program, 2024). The reason why this is problematic is because not only does it
force individuals within these areas to use dirtier forms of lighting, such as kerosene lamps and candles, but it also prevents
countries from creating efficiency standards, as there is little point to do so when a large portion of its populace is not able
to use lightbulbs in the first place. Therefore, by helping citizens acquire clean electricity, countries and organizations would
be able to prevent roughly 25 million tons of CO2 from being released into the atmosphere every year (Energy Sector
Management Assistance Program, 2024).

One possible solution to this problem is to provide basic solar lanterns and panels to underserved communities. However,
even with these solar devices being relatively affordable at a few hundred dollars each, the scale of the problem poses a
significant funding barrier, with estimates putting the cost of this program at about 30 billion dollars over a 10-year period
to provide electricity to 400 million people. Therefore, given the immense cost of the project, international organizations,
institutions, and governments must step in and collaborate to make this goal a reality. (Energy Sector Management Assistance
Program, 2024; Quak, 2018; World Bank, 2020). That is why the World Bank has taken the lead in this effort by providing
about 1.3 billion dollars a year to combat this effort, which would equate to about 13 billion dollars by 2035 (Energy Sector
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Management Assistance Program, 2024). But, if this goal is to be achieved, international collaboration is needed; otherwise
millions of people will suffer from a lack of lighting and the environmental problems associated with it. This underscores
the urgency of coordinated international action.

3. Conclusions

By examining light pollution and climate change as interconnected problems, policy- makers will be able to develop more
comprehensive solutions to improve energy efficiency, reduce emissions, and improve public health and well-being.

To effectively address these challenges, people should focus on three key strategies. First, by implementing mandates and subsidies,
policymakers can promote the widespread adoption of dimmers, smart sensors, and light shields. Second, by launching educational
campaigns at both the local and national levels, individuals can raise awareness about the dangers of light pollution while fostering
grassroots support for sustainable practices. Finally, by fostering international collaboration, countries and institutions will be able
to help developing countries access clean lighting while setting up the necessary regulatory framework to support a long-term
culture of sustainability. Now is the time to take action: advocate for smarter lighting policies, support educational initiatives, and
encourage global cooperation to create a brighter, more sustainable future for all.
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