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Our Endangered Night


In 1609, Galileo Galilei trained a telescope on the night sky. A year later, he published his observations in a slim booklet he titled Sidereus Nuncius, or Starry Messenger. His inspection of the paths of stars and planets brought profound new knowledge of celestial movement, and his discovery that the earth is not the center of the universe propelled revolutions in science and religion.

Remarkable as they were, Galileo’s telescopic discoveries—and the cultural commotions they caused—were less spectacular than Galileo’s night sky. Four hundred years ago, the twinkling stars cast shadows on a moonless night. Constellations were so intricate as to be unrecognizable today, and some sky landmarks were defined not by individual stars but by the dark spaces between them. The Milky Way appeared so solid that only a magnified view revealed it wasn’t one body but hundreds of thousands of stars so densely clustered that their faint, ancient light formed a path across the cosmos.

It’s hard to imagine it today, but the nocturnal world was once a central part of human existence. The night has beguiled mankind since prehistoric days. For thousands of years, starlight has aroused curiosity, inspired art, and formed the basis of countless creation stories. Stars have guided exploration, navigation, and astronomy, compelling some of the most significant technological leaps of human innovation.

Night’s transformation of the world also serves a crucial biological purpose. Darkness helps regulate sleep patterns in humans and provides migration, feeding, and mating cues for wildlife. Even trees depend on the length of the day to guide the timing of leaf molt. Cycles of light and dark have determined the rhythms of life since life began.

Darkness can evoke fear of the unknown, yet it is also a time for imagination and repose. In turns subtle, intimidating, and spectacular, the night has shaped the patterns of our lives as much as the vibrant world of daylight. For centuries, the world has thrived on this dichotomy. But the night as it used to be is ending—quickly.

In large cities around the world, millions of artificial lights have replaced natural darkness with a pinkish haze that hides all but the brightest stars. Poorly designed fixtures illuminate objects with the intensity of daylight, whitewashing the sides of buildings, streaming through windows and over property lines, and escaping into the atmosphere. Billboard lights and business signs demand attention at hours when there is little likelihood of customers seeing them. Searchlights and light sculptures pierce the darkness, attracting hundreds of birds and night-flying insects. Security lights brashly illuminate lonely stairways, parking lots, and ATM machines, creating shadows that actually reduce visibility.

Where does all this radiance go? Satellite photos taken from NASA space shuttles show the world ablaze with escaping light. This view of earth is simultaneously delightful and daunting. On one hand, it is evidence of the presence of life that has the intelligence and determination to alter its surroundings in an exciting, undeniable way. Yet the view also represents great loss: of energy, of exploration of the surrounding universe, and of an essential natural resource.

[image: image]

The United States at night. COURTESY OF THE DEFENSE METEOROLOGICAL SATELLITES PROGRAM AND NASA

This loss is caused by light pollution.

Simply put, light pollution is excessive and inappropriate artificial light at night. Light pollution is not all outdoor lighting, and important distinctions are made depending on the ecological sensitivity of an area. Artificial lighting is an essential part of modern culture and possibly the most obvious demonstration of technological progress. The problem arises when “progress” crosses the line to become wasted energy, wasted resources, and a negative alteration of the environment.

“Wasted” light shines where it doesn’t need to go. Photons that enter windows, invade another’s property, or are directed upward to contribute to sky glow are obvious examples. Light that is too bright for a task or shines directly into the eyes is wasted, too. Artificial light, the literal and proverbial “beacon,” invites this type of exuberant use. But light pollution is not the inevitable price of progress. It is, in fact, the reverse—a sign of inefficiency and poor use of technology.

Good lighting is important for safety, security, and recreation. But in many cities, outdoor lighting goes well beyond necessity. Ready availability and low cost beg the question “how bright can we get?” instead of “how much do we need?” There is a pervasive attitude that more light is better, even though the opposite is true in many cases.

Light pollution is growing at a rate of six percent each year. Worse, there is no barrier to hinder its spread. The glow over large cities such as Las Vegas sprawls over two hundred miles to intrude on otherwise untouched nightscapes. Areas that offer a pristine night sky are now sites of conservation efforts. In 2007, the European Space Agency’s Rosetta spacecraft imaged points of light from earth as it flew fifty thousand miles into space to meet a comet. That’s the equivalent of light visible at six times greater than the distance to the other side of the earth.

Astronomers were the first to call attention to the purloined night, but they are far from the only group affected. Urban dwellers are subject to loss of sleep from light trespass; small towns and rural areas are constantly getting brighter. Ecological ramifications threaten to disrupt the delicate balance between species, and light shining directly into the sky costs the United States an estimated 2.2 billion dollars every year in energy consumption.

Another serious issue is the cultural loss caused by the erosion of darkness. For the first time in history, children are growing up without a clear view of the stars. Residents of large cities see fewer than fifty stars in a typical night (in optimal conditions, more than five thousand can be seen with the naked eye). This limited view contributes to a grievous disconnect between science and imagination. Children are inspired by what they experience. Today, many may never actually see a truly starry night sky. The lucky few who do will have to travel ever farther to glimpse what was once ubiquitous. Immediate access to one of the grandest spectacles of the universe—the universe itself—is denied. When the view fades, the interest to preserve it is likely to dim as well. Few who are left will understand the splendor of what was lost.

When Galileo looked up through his telescope—one of the first ever invented—he used a brand new technology to view the cosmos in a way never before experienced by humankind. Since that time, enormous scientific leaps have led to realizations and discoveries that Galileo could hardly fathom. Because of our desire to peer deep into space, we build powerful telescopes that can see distant galaxies. We have even put humans on the moon. It’s ironic, then, that the scientific discoveries propelled by that first telescope are pushing technology ahead at an ever-increasing velocity while the cosmos recedes from sight.

But we do have other options.
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This image of earth, targeted roughly at Greece, was taken with the OSIRIS wide-angle camera by the European Space Agency’sRosetta spacecraft in 2007. Lights from Europe (far left), on the Arabian Peninsula (right), and winding along the Nile River (center) are seen clearly from a distance of approximately fifty thousand miles. ESA

As the Milky Way dissolves from the view of two-thirds of the United States and one half of Europe, we face a new di -chotomy regarding the night. It is no longer a matter of fear versus inspiration but the struggle to balance the need for darkness with the technology developed to curtail it.

In a 2008 National Geographic article, Verlyn Klinkenborg noted, “Of all the pollutions we face, light pollution is perhaps the most easily remedied.” Returning the night sky to its natural state is as simple as thoughtful placement of outdoor lighting: putting light where it’s needed and darkening areas where it’s not. Solutions are available and possible to implement. Moreover, these solutions are guided by principles and technology that save energy, conserve resources, and restore ecosystems. Light pollution is controlled by maximizing efficiency, improving security, and creating a more aesthetically pleasing nocturnal environment. When we eliminate unnecessary light at night in our communities, we also conserve resources, lower costs, and improve the quality of life. If only the other serious environmental issues facing the globe were this easy and rewarding to solve!

The first and best way to do this is simply to look up. If you’re one of the lucky few who experience a starry sky, enjoy it—and realize that this vast natural resource needs your protection. If, however, lighting is what you notice, this book gives you the tools to think critically about what you see.

When you look up, you are not alone. Increasing numbers of people are turning their heads toward the night sky. Some are looking for ways to save money or energy. Some realize that an effective ecological conservation agenda requires a natural nighttime environment. Some wonder how the light outside their window is affecting sleep patterns. As the effects of night’s absence become known, the cry for its protection becomes louder. The multifaceted issues concerning the loss of the night affect every one of us, and as we begin the second decade of the twenty-first century, public opinion is starting to reflect this fact.

Around the world, public and private groups known collectively as the “dark sky movement” are taking action to return the sky to its natural state. Ordinances against wasteful lighting have increased substantially over the past few years, as has the application of new technology. Awareness is skyrocketing in large cities and small towns, and outreach programs are occurring on a broad scale. Embracing the latest information in optics, vision, and applied science, the dark sky movement uses the technology of today while planning well-designed, resource-savvy cities for tomorrow.

Yet to achieve this requires education and community participation. Individuals and groups must examine how we light and why we light—and then extend the spirit of invention that created artificial light to implement better ways to use it.

This book offers a comprehensive discussion of light pollution. It examines the serious losses facing society, individuals, and ecosystems as the night fades. It then discusses ways to mitigate them. The last section, on education and conservation, describes paths to progress and how achievements already made toward protecting the natural night can yield significant economic rewards. As knowledge of the issues expands, the reader will understand not only the value of darkness but also the “why” and the “how” to improve sky quality in a community.

One bulb, one fixture, one backyard at a time, the world is beginning to see the darkness. This book offers the tools to become a guardian of the night, reduce energy, protect nocturnal ecosystems, and keep the universe in sight for generations to come.
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The universe is filled with light, even in darkness. On a moonless night, earth is illuminated by the light from our galaxy’s estimated one hundred thousand million stars. Space dust diffuses the sun’s rays to create a distinct nighttime glow known as zodiacal light. Within the atmosphere, particulate matter scatters all available photons to enhance brightness. In such conditions, a fully adapted eye can easily perceive its surroundings.

Yet not all tasks can be performed by starlight, or even moonlight. Humans have sought light to extend activity beyond natural daylight since the first fires were used to heat food. Now most activities in the twenty-first century occur in the presence of artificial illumination. Artificial light allows people to work, to play, to cook, to continue virtually every aspect of diurnal existence at the flick of a switch. And when light is no longer needed, the source of artificial light can be switched off. When the energy that creates the light is discontinued, the light itself disappears.

Light is radiant electromagnetic energy, part of a spectrum of radiant energy traveling in transverse waves at different wavelengths. When this energy travels in a wavelength detectible by the human eye (between approximately 380 and 760 nanometers), it becomes visible to humans as light. Light is not a noxious compound; nor is it a substance. Energy from the sun’s light makes life on earth possible. Artificial light, electromagnetic energy generated intentionally through human design, is a practical, even necessary, component of modern existence. How, then, can light be a pollutant?

The Night as an Environment

According to the McGraw-Hill Dictionary of Scientific and Technical Terms, “pollution” means “impairment of the purity of the environment.” An “environment” is the sum of all external conditions affecting an organism. It is unquestionably established that the state of darkness affects behavior and evolution of all life on the planet. Nocturnal species exist everywhere on the planet, and many primarily diurnal species, from sea turtles to birds, depend on darkness for the performance of biologic activities such as reproduction and migration. Darkness is as significant an environmental quality as light. Therefore, the nocturnal (or nighttime) environment must be established as a unique and essential natural environment. Light can be considered a true pollutant because it affects the natural environment by altering the quantity and quality of total light.

The United Nations Educational, Scientific, and Cultural Organization’s Starlight Initiative group developed a working definition of light pollution as “the introduction by humans, directly or indirectly, of artificial light into the environment.” While this definition introduces the vital concept of “artificial light” it does not specifically define environment or artificial light. It also presents the idea that all artificial light is a pollutant (and for environmental researchers, this is certainly the case).

Few laypersons, however, would dispute the necessity of creating some artificial light. Artificial light is used in countless beneficial ways. It is therefore necessary to make the distinction between lighting that is carefully designed to minimize stray light while providing adequate illumination for security, safety, and recreation and lighting that degrades or adversely affects the environment.
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Sky glow in New York City. JIM RICHARDSON/NATIONAL GEOGRAPHIC

There are a number of other working definitions of light pollution (as there are for air pollution, water pollution, and other terms). The U.S. National Park Service Night Sky Team is careful to specify light pollution as artificial light as it intrudes into the outdoor environment: principally, the illumination of the night sky caused by artificial light sources, decreasing the visibility of stars and other natural sky phenomena. This definition also includes other incidental or obtrusive aspects of outdoor lighting, such as glare, trespass into areas not needing lighting, use in areas where or at times when lighting is not needed, and the disturbance of the natural nocturnal landscape. Because the team was created to monitor and preserve the quality of the sky over remote public spaces, its definition emphasizes the overall decrease in darkness.

Most definitions of light pollution contain two specific ideas: that only artificial light can be a potential pollutant, and that the light must be directed where it is unwanted, unnecessary, or damaging in order to be considered problematic. These definitions acknowledge that artificial light designed to minimize impact on the nocturnal environment can be tolerated if it is used appropriately.

The International Dark-Sky Association was created to protect dark skies and control light pollution in all areas, from remote mountaintop observatories to the crowded streets of the world’s urban centers. IDA has therefore adopted a definition that identifies the adverse effects of artificial lighting. It defines light pollution as “any adverse effect of artificial light, including sky glow, glare, light trespass, light clutter, decreased visibility at night, and energy waste.”

This definition’s four lighting components are:

•Urban sky glow: the brightening of the night sky over inhabited areas

•Light trespass: light falling where it is not intended, wanted, or needed

•Glare: excessive brightness that causes visual discomfort and decreases visibility

•Clutter: bright, confusing, and excessive groupings of light sources, commonly found in overlit urban areas

This definition identifies the negative effects of artificial light and describes poor lighting practices for easy identification by people new to the field of light pollution. This definition does not, however, specifically address spectral concerns that are increasingly recognized as affecting human health and biological diversity. As the science behind this field evolves, terms may be adapted or expanded.
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Light sculptures such as this one at the Luxor in Las Vegas draw birds, insects, and bats. 
JIM RICHARDSON, WWW.JIMRICHARDSONPHOTOGRAPHY.COM


The Cost of Light Pollution

Overall, electric lighting (of all kinds) accounts for 8.3 percent of the primary energy used in the United States.

Primary energy sources, such as coal, oil, gas, and uranium, are converted into useable power: electricity. Electricity use is measured by the kilowatt hour (kWh), or energy consumption (in watts) in one hour’s time. One kWh is the electrical energy used by a power flow of 1000 watts for 1 hour or 100 watts for 10 hours.

In 2002, total electricity use in the United States was approximately 3,295 terawatt hours (TWh, equal to 1 billion kilowatt hours). In 2007, that usage had increased to 4,157 TWh.

In 2007, electric lighting used 22 percent of the total electricity generated in the U.S., or approximately 915 TWh.

Of that 22 percent, lighting energy use breaks down as follows: residential (27 percent), commercial (51 percent), industrial (14 percent), and outdoor (8 percent).

Of the total electricity generated in the U.S., outdoor lighting accounts for 1.77 percent (8 percent of 22 percent). This equals 73.2 TWh.

The majority (93 percent) of outdoor lighting is roadway and parking-area lighting. These lamps are the major sources of light pollution. This light comes mainly from the 60 million cobra-head luminaires that constitute 82 percent of all outdoor lighting sockets in use.

Fifty-eight TWh per year is the minimum possible estimate of energy used for outdoor lighting in the U.S. These calculations do not include sports field lighting, floodlit buildings, on-premise signs, decorative lighting, or a neighbor’s glaring security light. Many sources of overlighting or light pollution fall into residential, commercial, or industrial categories, which have not distinguished between indoor and outdoor sources. Think also of a skyscraper left blazing after office hours. Energy from these sources is not added to the total figure of 58 TWh.

Total Electrical Energy Use in U.S.

10,840 TWh or 37 quadrillion BTUs (Quads)
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Breakdown of Lighting Energy Use by Lighting Type

100% of 22% of total Electrical Energy Use in the U.S.
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Percent of Total Electricity Use
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Breakdown of Public (Outdoor) Lighting
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Photometric analyses of luminaires have determined that “wasted light”—light that is not reflected but sent directly into the sky—from outdoor lighting remains constant at, on average, 30 percent of the total light emitted by public lighting. This amounts to 22 TWh (2.2 billion kWh) each year of wasted energy.

At 10 cents per kWh (approximately the national average), the cost of that wasted energy is 2.2 billion dollars.

The average American household uses 1,946 kWh a year in lighting energy. The uplight from outdoor public lighting fixtures—light that essentially shines up into the sky—could light more than 11 million homes every year.

One tree on the equator absorbs 21 kilograms of carbon dioxide annually. It would take 702 million trees to absorb the 14.7 million tons of carbon dioxide produced by wasted light.

An Important Note

This analysis acknowledges that energy use values from 2007 are likely low, but the percentage breakdowns (such as the 8 percent value for outdoor lighting energy use as a percentage of all lighting) have remained reasonably constant.

Much of the wasted light in this estimate comes from public roadway lighting. As the cost of energy increases, local and state governments are considering ways to reduce energy costs through lighting switch-offs or retrofits. States such as Connecticut and New Hampshire have reaped savings by seeking a special part-night utility rate from electric companies for lights that dim or shut off at midnight. Though many options for saving money through reduced lighting exist, some choices are far more effective and environmentally sound than others. Many factors to be considered are discussed in this book.

While the increased use of LED technology has the potential to significantly alter current figures, at this point, no widespread data on LED lighting usage have been collected. This rapidly developing technology offers many exciting improvements in efficiency, as do mechanical advancements such as better refractors to precisely direct light. LED technology, or any other technology, must not be considered a solution to light pollution, however.

Efficiency improvements alone are not sufficient to make a large impact on the quality of the nocturnal environment. Such improvements do not address the important question of spectrum distribution or light quality; nor do they address the human propensity to use more of a resource when the cost decreases.

The truth is that lighting technology by itself will not decrease light pollution. In fact, as efficiency increases, lighting designers are noticing an inclination to add more light to a site in response to the reduced energy costs. Using light efficiently by considering lamp placement for best visibility, lighting to minimum specifications, controlling the spectral quality of light, and illuminating only what is needed is necessary to restore the nocturnal environment and decrease energy usage, cost, and carbon footprint.
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One of the basic problems caused by light pollution is the creation of glare. Disability glare is unwanted and poorly directed light that blinds, causes poor vision by decreasing contrast, and creates unsafe conditions, especially at night. It is a common feature of poorly designed lighting systems, especially along roads and highways. And it is a particular problem for older people. In fact, many elderly drivers have a difficult time driving at night, but are unaware of the underlying cause of their poor night vision: badly engineered lights.

There are natural causes of disability glare, such as sunshine on a dirty windshield at dusk. We have all experienced such glare and probably attempt to minimize it with sunglasses or by wiping off the windshield. Unfortunately, glare at night while driving is not so easily remedied. Its cause is usually overly bright and unshielded or poorly directed light that enters the eye and then scatters off eye structures, resulting in diminished contrast and impeded vision. These effects become dramatically worse as the human eye ages.

The human eye is a marvel of evolutionary engineering, and it functions in much the same way as a well-made camera. Light enters through the eye’s clear cornea, where initial crude focus occurs. Corneal imperfections can scatter light, however, preventing a clear image and lowering contrast. Light then moves through the anterior chamber and passes through the iris, an aperture that has the ability to contract to one millimeter in diameter and open to about seven millimeters.

This dynamic structure reacts to both the ambient light level and any bright source of light. In dimly lit surroundings, the iris relaxes, allowing up to thirty times more light to enter than in brightly lit surroundings; in bright light, it closes down to protect itself from bright-light effects. At night, when the pupil should be large to allow the maximum amount of available light to enter so night vision can work properly, light from unshielded, bright light sources forces the iris to contract. The result is that the eye can be effectively up to ninety-six percent closed just when seeing clearly is especially important.

After the iris, light passes through the eye’s lens. This remarkable organ is under the control of tiny muscles that alter its shape and allow for extremely fine focus both near and far. As the eye ages, however, this lens grows layers (much like an onion) of clear cells. Generally, by age fifty, the lens becomes so thick that it loses the ability to adapt to both near and far vision. As well, the central cells are deprived of nutrients and blood vessels and eventually die, yellowing and crystallizing. This can create opacities and cataracts, which scatter and absorb light. With the lens thus affected, any bright beam of light, even if it’s off-axis from what the eye is focused on, will be scattered, creating a whiteout and loss of contrast. It’s like being in a blinding snowstorm.

After the lens, light passes through the vitreous humor, a jellylike substance that fills the main eyeball. Here, dead and sloughed-off cells from the retina accumulate (these are the so-called “floaters” that are a natural part of the aging eye). These cells can further scatter light and diminish contrast. Light eventually strikes the retina, which lines the back of the eye. Here, the retina is composed of millions of tiny cells that convert a photon of light into an electrical signal that is interpreted by the human brain as an image.
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Diagram of the human eye. NATIONAL EYE INSTITUTE, NATIONAL INSTITUTES OF HEALTH (NEI/NIH)

There are four kinds of receptors in the retina. Three types of cone cells react to the colors red, green, and blue. They are responsible for all color vision and are fully activated in bright sunlight. Cone vision is known as photopic vision. A second type of receptor, a rod, is designed primarily to react to low-light conditions, such as moonlight. Rods are used in scotopic vision. There are many more rods than cones, and they are so sensitive that their function is impaired by the bleaching caused by a bright light source, such as poorly designed streetlights or spotlights that create high contrast between light and dark.
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