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2 to 8). Themaps were calibrated tomatch the time of satellite overpass,
at around 1 a.m. Because of the decrease in artificial illumination during
the night, brighter skies should typically be expected for observations
made earlier in the night. We chose 22.0 mag/arcsec2, corresponding
to 174 mcd/m2, as a typical brightness of the night sky background
during solar minimum activity, excluding stars brighter thanmagni-
tude 7, away from Milky Way and from Gegenschein and zodiacal
light. Natural airglow variations, even during the same night, can cause
more than half a magnitude variation in the background sky bright-
ness at unpolluted sites. Measurements of the sky brightness made with
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wide-field instruments that integrate the light arriving from a substan-
tial portion of the sky (for example, SQMand SQM-L) include the light
from naked eye stars, increasing the detected sky brightness. If this
were not taken into account, it could bias a comparison with atlas pre-
dictions. Table 1 shows the color levels used for the maps.

For the purpose of this atlas, we set the level of artificial brightness
under which a sky can be considered “pristine” at 1% of the natural
background. Although 1% (1.7 mcd/m2) is a nearly unmeasurable in-
cremental effect at the zenith (usually the darkest part of the sky hem-
isphere), it is generally much larger near the horizon in the direction of
the source(s). For areas protected for scenic or wilderness character,
this horizon glow has a significant impact on the values of solitude
and the absence of visual intrusion of human development.

The dark gray level (1 to 2%) sets the point where attention should
be given to protect a site from a future increase in light pollution. Blue
(8 to 16%) indicates the approximate level where the sky can be con-
sidered polluted on an astronomical point of view, as indicated by re-
commendation 1 of IAU Commission 50 (9). The winter Milky Way
(fainter than its summer counterpart) cannot be observed from sites
coded in yellow, whereas the orange level sets the point of artificial bright-
ness that masks the summerMilkyWay as well. This level corresponds to
an approximate total sky brightness of between 20.6 and 20.0 mag/arcsec2

(0.6 to 1.1 mcd/m2). With this sky brightness, the summer Milky Way
in Cygnus may be only faintly detectable as a small increase in the sky
background luminosity. The Sagittarius Star Cloud is the only section of
the Milky Way that is still visible at this level of pollution when it is
overhead, as observed from southern latitudes. Red indicates the approxi-
mate threshold where Commission Internationale de l’Eclairage (10) puts
the transition between scotopic vision and mesopic vision (1 mcd/m2).
Also inside the range of the red level, the sky has the same luminosity
as a pristine uncontaminated sky at the end of nautical twilight
Fig. 1. Upward emission functions used to compute the maps. The
polar graph shows the three different light intensity distributions used to
compute the three map versions: the Lambertian distribution with a peak
toward the zenith (map A; blue), the function with peak intensity at low
angles above the horizon plane (map B; green), and the function with peak
at intermediate angles, 30° above the horizon plane (map C; yellow). The
thick red line shows the overall best-fitting function.
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Fig. 2. World map of artificial sky brightness. The map shows, in twofold increasing steps, the artificial sky brightness as a ratio to the natural sky
brightness (assumed to be 174 mcd/m2). Table 1 indicates the meaning of each color level.
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(1.4 mcd/m2) (11). This means that, in places with this level of pollution,
people never experience conditions resembling a true night because it
is masked by an artificial twilight.

A geographic proximity analysis reveals locations on Earth where
residents would have to travel very long distances to reach a land-based
observing site of sufficient sky quality where certain features of the night
sky are revealed. The location on Earth that is most distant from hav-
ing the possibility to get a hint of a view of the Milky Way (artificial
sky brightness at zenith <688 mcd/m2) is an area near Cairo, Egypt, in
the Nile Delta region. The other widest regions where the Milky Way is
no longer visible include the Belgium/Netherlands/Germany (Dortmund
to Bonn cities) transnational region, the Padana plain in northern Italy,
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and the Boston to Washington series of cities in the northeastern United
States. Other large areas where the Milky Way is lost are the London to
Liverpool/Leeds region in England, and regions surrounding Beijing
and Hong Kong in China and Taiwan. People living near Paris would
have to travel 900 km to Corsica, Central Scotland, or Cuenca province,
Spain, to find large territories where the zenith is essentially unaffected by
light pollution (artificial sky brightness <8% of the natural background);
even in these places, significant skyglow would be present near the ho-
rizon. The pristine sky (artificial sky brightness <1% of the natural back-
ground) nearest to Neuchâtel, Switzerland, is more than 1360 km
away, in northwestern Scotland, Algeria, or Ukraine (see Fig. 9). There
are islands that are farther yet to land-based pristine skies. More than
Fig. 3. Map of North America’s artificial sky brightness, in twofold increasing steps, as a ratio to the natural sky brightness. Table 1 indicates the
meaning of each color level.
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1400 km of travel is needed from Bermuda to the nearest pristine sky
in Nova Scotia. The land on Earth that is farthest from a pristine sky is
in Azores, more than 1750 km away from the pristine sky of the western
Sahara.

Findings: Statistics of nighttime brightness
This atlas shows, for the first time in 15 years, the impact of the pollu-
tion generated by artificial night lights on world population. Figure 10
presents the data of the world atlas with the levels used to compute
the statistics to show the visual impacts of the different levels of light
pollution.

We found that about 83% of the world’s population and more than
99% of the U.S. and European populations live under light-polluted skies
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(that is, where artificial sky brightness at the zenith is >14 mcd/m2).
Due to light pollution, the Milky Way is not visible to more than
one-third of humanity, including 60% of Europeans and nearly 80% of
North Americans. Moreover, 23% of the world’s land surfaces between
75°N and 60°S, 88% of Europe, and almost half of the United States
experience light-polluted nights.

The countries with the populations least affected by light pollution
are Chad, Central African Republic, and Madagascar, with more than
three-quarters of their inhabitants living under pristine sky con-
ditions. The countries and territories with the largest nonpolluted
areas are Greenland (only 0.12% of its area does not have pristine skies),
Central African Republic (0.29%), Niue (0.45%), Somalia (1.2%), and
Mauritania (1.4%).
Fig. 4. Map of South America’s artificial sky brightness, in twofold increasing steps, as a ratio to the natural sky brightness. Table 1 indicates the
meaning of each color level.
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