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What is light pollution?

Light pollution is a term used
to describe the illumination
of night skies as a result of
artificial light sources, also
known as sky glow.

Image Credit: Bettymaya Foott, National Park Service 



99%
of United States and European citizens live under 

light-polluted skies

Image Credit: Jake Holgerson



Community Concerns

Brightening night skies
are detrimental to the
wildlife and visitors of
national parks.



Hatchling sea turtles may crawl inland or away from shore 
due to the bright artificial light emitted from nearby areas. 

Image Credit: National Park Service

Impact on Wildlife



Human Health Effects

Depression

Diabetes

InsomniaCancer

Obesity



The Skyglow Estimation Toolbox (SET)
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▶ National Park Service, Natural Sounds and Night Skies Division

Image Credit: National Park Service
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0 550 1,100 Kilometers

N

2

Gulf Islands National Seashore

Indiana Dunes National Lakeshore

Scotts Bluff National Monument

Denali National Park and Preserve

1

3

4

Florida & Mississippi

Alaska

Nebraska

Indiana

1

2

3

4

1

23

4



Study Period
Average Monthly Snowfall in Study Area States
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Suomi-NPP VIIRS DNB
NOAA’s National Centers for 
Environmental Information (NCEI), 
Earth Observations Group (EOG)

▶ Average radiance composite 
imagery

▶ Filtered to remove stray light

▶ 500 - 900 nm wavelengths

Image Credit:  NASA Direct Readout Laboratory

Image Credit: 2008 Gringer/Wikimedia Commons Public Domain



Methodology

Obtain VIIRS Raster Data

Suomi NPP VIIRS DNB Data is 
available on NOAA’s Earth 

Observation Group’s website.

Create Median Composite

Cell Statistics in ArcMap 10.5 can 
calculate the median value of 

inputs on a cell-by-cell basis. This 
helps in accounting for outliers in 

the data, such as wildfires Clip Data to Study Areas

Light from up to 200 kilometers 
away can affect sky glow at a 

given observation point. 

Generate Hemisphere Maps

SET generates a 3D hemispherical 
visualization by interpolating values 
between stitched-together 
artificial brightness maps. 

Run SET

The user specifies input parameters 
such as latitude, atmospheric 
clarity, zenith angle, and azimuth 
angle. 
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Gulf Islands National Seashore

Latitude: 30.3919

Longitude: -88.7911

June - October (2014-2017)

Results
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Results Cont.

Indiana Dunes National Lakeshore

Latitude: 41.6501

Longitude: -87.0547

June - October (2014-2017)
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Results Cont.
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Results Cont.

Suomi NPP VIIRS DNB Data

Denali National Park & Preserve

Sept. & Oct. (2014 - 2017)

Median Composite Image

Suomi NPP VIIRS DNB Data

Gulf Islands National Seashore

June - Oct. (2014 - 2017)

Median Composite Image

VS.



Model Validation

Spearman’s  rank-order correlation coefficient: -0.72
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Uncertainties

Topographical 
Shielding

Light Emission 
Model Bias

Water-Reflected 
Light

Not accounted for in the 
current model. 

The current model used is 
a weighted average of 
three light emission 
models, but the weights 
are not set dynamically. 
This may make 
calculations biased 
toward the types of 
emission in the area they 
were set for originally.

Water-reflected light has 
a different emission model 
than the three models 
accounted for in the 
calculation, so light 
pollution calculations for 
areas near bodies of 
water may not be 
completely accurate.



Conclusions

▶ Limitations of the Day/Night Band prevent accurate radiance measurements in high latitude
regions.

▶ Hemispherical visualizations provide intuitive sky glow estimates without conducting costly and 
timely field measurements

▶ Exploring validation methods will provide a basis for comparing hemispherical visualizations with 
on-the-ground measurements 

[Placeholder for Image - Visualize 
Conclusions]

Image Credit: Jacob W. Frank, National Park Service



Future Work
▶ Incorporate in situ measurement data to further validate model

▶ Account for model inaccuracies and biases

▶ Experiment with integrating SET into other platforms such as Google Earth Engine, 
a mobile or virtual reality application, or a standalone Python package install.

Image Credit: Jeremy M. White, National Park Service
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Geometric Relationships

Graphic Credit: Wyoming Cross Cutting I & II Teams



Gulf Islands National Seashore

Lat. 32.4, Lon. -89.8

June-Oct. 2014-2017

0

10

20

30

40

50

60

70

80
-150 -100 -50 0 50 100 150

Hemispherical Visualization



▶ Toolbox Feature

▶ Relies on Input Parameters

▶ Fast Fourier Transform

▶ Time to complete kernel generation 
for brightness maps:

~40 min. per kernel

▶ Time to complete kernel generation 
for hemisphere:

(~40 min. * 52 kernels)/number of CPU cores

Light Propagation Kernel



Reducing Light Pollution

Light 

areas only 
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Properly shielded light fixtures decrease the amount 
of artificial light directed into the atmosphere

Light Fixtures



Skyglow Emissions Functions

Graphic Credit: Falchi et al. (2016)


