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Experimental Design
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Light Emitting Area: City

City (4) Emission Observer Percent Atmospheric
Y Function (1) Location (2) Uplight (3) Condition (5)
\ 4
. City Area | Radius ) No. Lighting density
Cit Population
y (km?) (km) P Fixtures | (Fixtures per Area)
CITY1 7 1.4 3,407 342 52
CITY2 164 7.2 76,000 3,500 21
CITY3 232 8.6 617,594 39,884 172
CITY4 28,120 946 9,729,825 350,000 12
4

SPD (11)

()
Unweighted
output

-,

Weighted
output

Lumen
output 1

Lumen
output 2

Lumen
output 1

SPD Increments
(80)

R

SPD Full (1)

SPD Increments
(80)

SPD Full (1)

SPD Full (1)

U.S. DEPARTMENT OF

ENERGY

213,840

Energy Efficiency &
Renewable Energy



Light Emitting Function
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Garstang's City Emission Function

B(Q,q,z9) = 2Q(1 — q) cos zy, + 0.554qz;
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dashed:reflected (Lambertian)
dotted: uplight (proportional to *)
solid: Garstang’s standard model
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Luminaire Uplight Percentage
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B(Q,q,2y) = 2Q(1 — q) cos zy, + 0.554qz§
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Atmospheric Condition

Lumen
output 1
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output
. Emission Observer Percent Atmospheric output 2
City (4) Function (1) Location (2) Uplight (3) Condition (5) SPD (11)
Weighted Lumen
output output 1
Atmospheric conditions ATM1 ATM2 ATM3 ATMA4 ATM5
Clouds Cloudless Yes Yes Yes Yes No
Cloud Altitude of the cloud base (km) N/A N/A N/A N/A 1
v Spectral albedo (select data file) N/A N/A N/A N/A Altocumulus.cld
Reference aerosol optical thickness at 500 nm 0.1 0.1 0.5 0.5 0.5
Angstrom exponent 0.3 1.5 0.3 1.5 1.0
Aerosols Scale height for the molecular atmosphere (km) 8.0 8.0 8.0 8.0 8.0
Vertical gradient of the aerosol concentration (1/km) 0.65 0.65 0.65 0.65 0.65
Data files for Single scattering albedo constant_background.ssa
Asymmetry parameter constant_background.ssa
Horizon Light blocking objects near horizon none

AERONET station data: http://aeronet.gsfc.nasa.qov/cgi-bin/type piece of map opera v2 new?longl=-180&long2=180&latl=-

90&lat2=90&multiplier=2&what map=4&nachal=1&formatter=0&level=1&place code=10&year=116&place limit=
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http://aeronet.gsfc.nasa.gov/cgi-bin/type_piece_of_map_opera_v2_new?long1=-180&long2=180&lat1=-90&lat2=90&multiplier=2&what_map=4&nachal=1&formatter=0&level=1&place_code=10&year=116&place_limit=0
http://aeronet.gsfc.nasa.gov/cgi-bin/type_piece_of_map_opera_v2_new?long1=-180&long2=180&lat1=-90&lat2=90&multiplier=2&what_map=4&nachal=1&formatter=0&level=1&place_code=10&year=116&place_limit=0
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Output: Unweighted or Scotopically-Weighted
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Lumen Output per Fixture
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Wavelength Increment of Run
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Results
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In Context: Sources of Impact

Vehicular traffic

Exterior architectural lighting

Street lighting

Building windows
Advertisements

OOParking garages

—O
O Porch lights
OO Pedestrian pathways

_ Parking lots
Recreational Parks

Signage
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