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Evolution of electric power consumption from DMSP-OLS satellite data

Consumption (Year 2007) vs. Population Spain Electric Power Consumption qulutlon 1992 to 201Q for each spanlsl_1 province. The jump from 2005 to 2007 is due to a revision of
| | | | | > ' ' ' ' ' ' ' - ' In violet we show an estimate of the electric power the counting method after our work (Sanchez de
< S 6f| * sateliite Calibrated Poo consumption on public lighting using DMSP-OLS data Miguel & Zamorano SEA 2008).
. @ 3 . . . . .
§ 0.25! = A Oficial data =f“ calibrated as shown in previous plots. The evolution of some big urban areas seems to
s S 5| _®  Satellite Radiance All data 0o S - Blue points represents official data on public lighting. decrease in the last years.
S ] o§ “\Si
4__. \_\\.
Q 0.20} % ..."'
g S 4+ °® _* ] Alava 4 Afbaceite", . Alicante , Almeria o Asturias . Avila . Badajoz o Baleares Barcelona,. Burgos
un U‘J o S\ o:"'* 0.33' TN .o “*04 L I.'h .¢‘4 . ’*”'* o
c c S 't +0tert o . LA .. ."..3.#* L W ol .
D O 15 - . o‘t": * . g :’,.0 + e b 3 s ’3‘t . . . ® . .
S 8 5! | . P A R ISR IR :.‘i;.“ . * *;'-l"*' ’ I
= - ~ ) R T P T T e
S Y S % s B .__.-"' > *
S 0.101 E Sl | - ~._“,,..-"
& o ®eossesntens™® ‘
- 5‘]_ Caceres . Cadiz ¢ Cantabria Castellon Ciudad Real Cordoba . Coruna Cuenca . Gerona Granada ¢
3 0.05¢ S o1t ] . e e Jo ate,.t ". LS Lt o o
QL ) -. O N :t::‘3:02*t "&; . o :d:." ’t: ++‘ . T 3 1 * ,:tf . ten B30 HP .‘:t".o*' . :’0 ee
Ty * [ | I Q ..,f’ el eeigee ol otk o T RCIN PP U IR N PR T R
O 2 3 4 5 6 LLI * ® . ‘%’4' Y ‘.. ‘oi;t‘ H‘*:i' . 0 * . * o gk
0.08'5 G 75 T'e 55 S 30 0 |AsAAMMAMMAMMAMAMMMA | | | | | S -’ o . o T
- - 1940 1950 1960 1970 1980 1990 2000 2010 ,.-" o o o om’% e
Population in Millions (INE 2007) Year Ll s ‘_—-*""
0 moepomoa
Electric power consumption on public lighting shows Official statistics on electric power consumption on public lighting Guadalajara ..| Guipuzcua o Huelva o Huesca .|  Jjaen o || Lleon .| Lerida .| Lugo Madrid . Malaga o
. . . . . . . . . e . * . . - ot
a clear correlation with population of spanish provinces for the past years are not reliable. The estimated values, using et ® e et : : T TR .
. i . i i . esa®t®’ Ll S LD . ottt % S
although some of then lie outside the linear trend. DMSP-OLS data, is represented with a red dashed line. N R oyt K k. ;o ¥ x . *
. . . . ”."“.uio-u* *,’: : TR e I x| et v e
The comple_te range (_)f valules, including Madrid and The growth is around 4% per year. | | o [T * et g * y - ._’:....... . -
Barcelona, is shown in the inset. Black stars mark our measures for Spain on calibrated DMSP-OLS " _.-"" _,.--" - ¢ e  etegp
. . . . L)
images (Elvidge et al. 1999, Ziskin et al.2010) wososeot®® | domotoaggere | “Monayoenesess conepestee
. Murcia . Navarra . Orense o Palencia ,,|| Las Pa!mas.. Pontevedra Rioja o Salamanca .+ Santa Cruzg Segovia
Satellite offsets ADU 2007 vs. Radiance 2006 . . AR . RO ERTTT e
T T 1T 1T T 1T 1T T 1T T T 1T T T T 1T T 1T T T 1T T T 1T T 7T T T17T] ’3¢'t+ ’.u.‘:‘*‘"‘; IO Lol et ¢ %
0.00020 C “x R ¢ o ’ AU o o Leetet
* T e [ * R L P e * -
I 6 ‘:::: - -.. * - ‘*'H“ * uo“"” @ i
6 . — e o® acddt™?- - TTTT YLl . i A
§ X o* "'/ ° . .;2 . : y * * ooseasses®™” M’Mj‘ oo
- e ——l e
~ 0.00015+ | sssssseal®® [ ]
1.4+ . <E Sevilla o Soria . Tarragona Teruel . Toledo . Valencia , Valladolid . Vitoria o Zamora . Zaragoza
S . ‘.,.t:t..;.xo . ‘. . .t *+”” “.4 S te e . .
S . . ‘*, .:.30‘;ooo* .:oo PO . .‘3‘ T P L L Ll .0.*
44_-2 N . . et z... et * L e E * . ,,u"n ’ * "‘:x
| > e PH o > -t o K o o * . ‘t,‘:,., vk )
—_ e L] * * ., * ‘*0*4 H o, " Tegat * .. - L
w 0.00010} . .p-" ° R . Ll
: S _/*'" o’ ,_..-"""" o Y
c [ ]
2 omnt® bt
| 8 R e esssssss PR et gessecasey Sessanefentes R gsaseanass
2
T 0.00005|
. >
S Iberian Peninsula DMSP-OLS 2006
O 1—-2.5 ¥y 3 1-2.5
[ ° %
0.00000, 50000 100000 150000 200000 250000 300000 350000 400000 1_anq 1_anq
Corrected DMSP Flux F15 2007 (ADU)
Radiance calibrated maps are available for 1996 and 2007. Coefficients to transform from RAW data (ADU) to radiance I I
RAW data from DMSP-OLS for several satellites and dates has (W/cm2/sr/um) could be obtained for each satellite and date.
be rescaled using the values for each spanish province. The plot shows an example of the calibration of 2006 values ~10 ~10
These values allow us to study the evolution of the light emitted to DMSP F15 (2007).

to the space for each province or region.

Electric consumption vs. Radiance The electric power consumption on public lighting versus DMSP-OLS ~5.0 -5.0
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| e Spain provinces (2006) ! _ _ . o 5.5 5.5
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The study of the relationship between consumption and the
10;0-5 - 'i'(').g — "i'('f: - 'I”(;-a‘ T amount of light emitted to the space will inform us about the
Cumulative radiances (Watts/cm”™2/sr/um) quality of public lighting. A detail of the Iberian peninsula

including the big urban areas of
DMSP-OLS 2006 Madrid, Barcelona and Valencia

Light pollution using pictures taken from ISS

>

ISS pictures taken at night have better resolution and
provide color information which is useful to characterize
the type of luminaries. Both sides of Spain-Portugal
border shows different lamp types.

Mosaic of Iberian peninsula with ISS pictures.
We have corrected the original pictures from distortion
before the final alignment.

RAW original pictures are necessary because JPEG
compression lost information on intensity and color.
The displayed pictures of Valencia, Barcelona and
Madrid are predominantly yellow-orange due to the
Sodium Lamps of public lighting.
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It is easy for Madrid citizens to
find the area of their homes and
the main features of this Madrid
at night picture taken from ISS

CREDITS:

ISS original images provided by the Image Science and
Analysis Laboratory NASA-Johnson Space Center
“The Gateway to Astronaut Photography of Earth”

They include Barajas Interna-
tional Airport (blue-white lights at
NE) and the Santiago Bernabéu
soccer stadium.

The protected forest area of
Monte de El Pardo is completely
black as seen from space.

DMSP-OLS data from NOAA Earth Observation Group
(EOG) at National Geophysical Data Center (NGDC)




