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❖ The Natural Photic Environment

❖ Describing and Quantifying Light Pollution

❖ Local Night Sky Conditions

❖ Impacts of Light Pollution – Human and Ecological

❖ Local Conditions

❖ Fully sustainable outdoor lighting



The Natural Photic Environment

Vega
0.0025 mlux

Sky brightness near zenith
0.2 mcd/m2

Landscape under natural sky
0.01-0.15 mcd/m2

Milky Way
0.5-1.3 mcd/m2

Natural Airglow
0.15-1.0 mcd/m2

Illuminance 
from the 
Whole Sky

Horizontal
0.8  mlux

Vertical
0.3-0.7 mlux

All-sky
1.6 mlux



The Natural Photic Environment

Full moon
250 mlux

Sky brightness with full moon in sky  
20-50 mcd/m2

Landscape by full moonlight
5-10 mcd/m2

Photo by Dmitri Alexander



The Natural Photic Environment



What is Light Pollution

The inappropriate or excessive use of artificial light which brightens 

the natural sky and surrounding environment. Light Pollution is 

primarily composed of:

• Glare - excessive brightness that causes visual discomfort

• Skyglow - light scattered and reflected off of air molecules and 

atmospheric aerosols

• Light Trespass - light falling where it is not intended or needed



Glare

Skyglow

Skyglow

Light Trespass





VIIRS  Day / Night Band   Radiance Data



Upward Radiance



Sky Glow Effects



Bryce Canyon National Park, UT

280 miles

180 miles



Light pollution is amplified 

locally from cloud cover, fog,

and haze.

This low cloud bank increased 

overhead sky brightness by 

15x



Same system to measure 

local scene luminance

Measuring the Night Sky

16 bit monochrome image, 

photometric calibration 

from standard stars

Calibration applied to each 

pixel gives brightness 

measurement (luminance)



Measuring the Night Sky



3.5x

3.5x

7.4x

7.4x

11 x

11 x

4.4x

4.4x



Sky Quality 
Meter

Lux Meter

Measuring the  Night Sky

Human Vision (Photopic = Color Vision)



Spectrometers

Measuring the  Night Sky
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Impacts of Light Pollution



2012 Satellite Image of Anthropogenic Light

83% of World 
Population 
Lives Under 
Light Polluted 
Skies

99% of U.S. 
and Europe 
Live Under 
Light Pollution 
Skies

Falchi et al. 2016 Science Advances



Impacts of Light Pollution





All-sky Mosaic – V BandAll-sky Mosaic – B Band



All Lights Are NOT Created Equally



Claude Gronifer. Points de Vue, International Review of Ophthalmic Optics, N68, Spring, 2013

Human Health



Human Health



Ecological





Ecological



Human Vision (Photopic = Color 
Vision)

Ecological



Foraging

Predator Prey

Competition

Community Structure

Communication

Reproduction

Physiology

Movement

Migration

Fragmentation

Ecological



Local Conditions

Denver

Greeley

Fort Collins

Cheyenne

Rocky Mnt NP



Soapstone Prairie

1.4x brighter than natural

.7x zenith brightness

1.7x vertical illuminance

0.6x horizontal illuminance

78% stars visible

Fort CollinsCheyenne



Fort Collins

Loveland
Longmont/Denver

Bobcat Ridge

3.5x brighter than natural

1x zenith brightness

3.5x vertical illuminance

2x horizontal illuminance

54% stars visible



Fort Collins

Loveland
Longmont/Denver

Coyote Ridge

7.4x brighter than natural

3.5x zenith brightness

7.8x vertical illuminance

4.4x horizontal illuminance

58% stars visible

Fort Collins

Loveland

Denver

Windsor
Greeley



Horsetooth Reservoir

29x brighter than natural

3.9x zenith brightness

8.7x vertical illuminance

3.8x horizontal illuminance

35% stars visible









❖ Light only where you need it

❖ Light only when you need it

❖ Shield lights and direct them downward

❖ Use the minimum amount of light necessary

❖ Select lamps with warmer colors

❖ Use the most energy efficient lamps and fixtures

Fully Sustainable Outdoor Lighting



Thank You
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