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sμs1Ls1Ks1 + (1-s)μp1Lp1Kp1

sμs2Ls2Ks2 + (1-s)μp2Lp2Kp2

ΔE=



Thanks to …
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Light spectrum carries information

NASA/JPL-Caltech/R. Hurt (SSC)

Visible Infrared



Broadband radiance/reflectance

Marlith, Wikimedia Commons



Remote sensing
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Remote sensing

“Remote sensing is the acquisition of 

information about an object or 

phenomenon without making physical 

contact with the object…”

-Wikipedia



John Snell, Fluke blog

www.thesnellgroup.com

http://www.thesnellgroup.com


Remote sensing

“In current usage, the term ‘remote sensing’ 

generally refers to the use of satellite- or 

aircraft-based sensor technologies to 

detect and classify objects on Earth”

-also Wikipedia





Hale et al. 2013
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~70 Billion Euro

~3% Global electricity



Do LEDs save energy,

or just enable brighter lights?

Image by redit user “alreadytakenusername” 

White LED Sodium vapor



Annual change in radiance 

(brightness), 2012-2016
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BrighterDarker

Kyba et al. (2017) Science Advances



Demand for lighting

L
ig

h
t 

/ 
p

e
rs

o
n

 y
e

a
r

β GDP/CoL



Demand for lighting

Tsao & Waide, 2010



Environmental Kuznets curve

E
n
v
ir
o

n
m

e
n

ta
l 
d
e

g
re

d
a

ti
o

n

Per capita income



Light/capita vs GDP/capita

Kyba et al. (2017) Science Advances
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Simple model

• All light is public outdoor area lighting

• Only one lamp type



Berlin (VIIRS DNB)

R - radiance

L - luminance

μL - lumens

K – W/lumen

E = μLKt

t – time



E = μLKt



Private lighting



City lighting change experiment

Full power 50% Dimmed

Photos of Cambridge, MA

WSP | Parsons Brinckerhoff 





R - radiance

L - luminance

μL - lumens

K – W/lumen

E = μLKt

s – fraction streets

E = sμsLsKst + (1-s)μpLpKpt



E = sμsLsKst + (1-s)μpLpKpt



sμs1Ls1Ks1 + (1-s)μp1Lp1Kp1

sμs2Ls2Ks2 + (1-s)μp2Lp2Kp2

ΔE=



You’re welcome!


