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In the comparison of light pollution between two countries, there are some difficulties
because of geographical, cultural and economical differences. The trouble is even worse
considering all different systems of outdoor lighting.

As first step, to contrast light pollution between countries, a group of close nations
have been chosen with different population densities, size, built surface, etc.

As a parameter to compare the emission of each country, the NOAA’s images (DMSP
Satellite, OLS “VIS” band 0.40-1.10 um) flux were used and NASA’s software World
Wind were employed to solve distortion problem of the Mercator projection.

This software allow to draw frontiers over countries, so it is possible to make a parti-
cular study of them. In these images all illuminated regions are saturated, so the number
of counts don’t represent the flux emitted from that region, although that number is
proportional to region’s area.

As it is known the area of each country it is possible to calculate the density of illu-
minated area per person and proportion of illuminated territory. These parameters allow
to compare the aspect of the country from space.

This parameter is very influenced by population’s density, so it is interesting to com-
pare it with other parameters as urban surface, population density, street lamp density,
etc.

In this study we show some conclusions of the possible roots of the differences found
between countries’ illumination.

Data acquisition

NASA s software World Wind were used for the image visualization using the NOAA
add-on of the Nightlights layer'.

To discriminate the countries contribution the frontiers layer were employed. Then,
countries night images were captured as closer as it was possible to minimise the per-
spective effect. Then, using MaxIm DL, the tree components of the image were split
and the red one were chosen because they are the most representative of the surface
illuminated. PhotoShop were used to remove other countries from the image to make the
measure of the counts from each country.

Image analyses

These images are not raw images. They have been removed from the lowest level of
illumination and they have a bit less resolution. The intensity of bright points is almost
always saturated level too.
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Figure 1. Saturated Km?/Density
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As result, the flux measured is not proportional to the real flux, but it is proportional
to the affected area. In sea area there are not significant signal.

Geographic data

To compare the light polluted area between countries some geographic data are
needed to calculate the intensive values.

For general data, the CIA The World FactBook, the EEA (European Environment
Agency) and in some cases the government data were used.

Data analyses

There are some studies about the relationship between the population density and
the light pollution?, although they are only a first approximation and if the deviations
of this relationship are estimated, it is possible to extract political and quality effects of
the illumination models. Twelve European countries have been chosen because they are
the most uniform group of countries, as a consequence of the convergence European
program.

As it is possible to infer of the correlation between the density of population in built
area, versus saturated area per built area, there is a significant correlation between these
magnitudes. There are some points more difficult to be explained because of geographic
effect. These countries are Luxemburg, Netherlands, and Spain.

Luxemburg is a very small country and because of this it has a very high error. On
the other cases more data are needed to get conclusions, but a group statistical analyses
show that Spain is a outlier.

To find the roots of this out rule value, a compilation of the Ministerio de Industria
y Turismo de Espafia® data, some energetic waste values from different countries and
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Figure 2. CLUSPLOT (x) Figure 3. Dendrogram
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Final Report Lot 9: Public street lighting(RPSL)* were made. These data let infer that
pain has almost 50% more installed power peer light point. In this case CELMA’, data
were used, because IDAE'‘s data are more pessimistic.” In other values, as power peer
squared meter or light points per square kilometre (always using built area) Spain have
a excess value.

In Netherlands case, they have the lowest installed power of all studied countries, that
could explain the deviation of the rule.

This data show a relationship between latitude-culture and the number of light points
per square kilometre too. Italy, Portugal and Spain have the highest values.

Figure 4. Km? sat vs km? built

Spain Portugal France Belgium Netherlands Ireland Kl:.lngiéed Germany Austria Czech Rep Italy
Ingaam

363



Vat/Luminaria

Figure 5. Watts by Luminaries
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Figure 6. Light Points by km? built
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Figure 7. Watts by square meter
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Conclusions and future work

With the present data Spanish illumination can not be explained by demographic
causes.

There is important evidence of excessive waste in Italy.

The population density in built land as intensive data is the best global parameter in
order to represent the saturation of a country.

An appropriate illumination can be shown in satellite images.

It is needed further data of all the countries considered in the study.

Extend this study to all European countries, EEUU and Japan.

Search of an illumination model useful to countries in development.

Discussion of hypothesis about the type of light polluting sources.
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