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(1) Devising effective 

emissions reduction 

strategies. 



(Román and Stokes, 2015) 



























Challenge? 

Benefits? 

Solutions? 

 

So What? 

Human-Centered 

Energy Research 

New era of global energy cooperation 
requires new data and analytical tools. 

VIIRS is a step towards satellite-derived 
“energy intelligence”. 

Confluence of urban energy, 
development, and climate 
change agendas. 

UN SDG-7: Ensure access 

to affordable, reliable, 

sustainable, and modern 

energy for all. 

Message Box Handout: 

Leopold Leadership Program at Stanford University 



Miller et al., (2013) Remote Sens. 2013, 5(12), 6717-6766; doi:10.3390/rs5126717 

VIIRS nighttime detection capabilities (a) with and (b) without lunar illumination 

http://dx.doi.org/10.3390/rs5126717


Understanding Drivers of Future Urban Growth: 
from NASA-GSFC brief to Sen. Heidi Heitkamp (D-ND) 
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(FROM TUESDAY) NASA DRL Enhanced Near Constant Contrast Imagery 

• Correcting non-uniform brightness 

effects during first/third lunar quarter and 

reducing under-cloud-light glare in 

Enhanced NCC and comparing with other 

image products. 

 

• Dynamic DNB (1st row) uses ‘erf-dynamic 

scaling’ (Seaman & Miller, 2015). 

 

• Lunar Reflectance (2nd row) is scaled 

between 0 and 1.4 (the scale used in 

NOAA-CSPP CLAVR-X internal image 

implementation). 

 

• The NCC (3rd row) and the Enhanced 

NCC (4th row) grayscale images scale the 

‘pseudo albedo’ values between 0 and 1. 

 

• Red sector shows the island of Sao 

Miguel (Azores Region, Portugal) at the 

edge of the swath. Correction in 

Enhanced NCC was able to bring out the 

city lights at Ponta Delgada. 

 

• Yellow sector shows a city region around 

Gijón in Northern Spain. Enhanced NCC 

also reduces the light glare under thin 

clouds/fog , also making the image 

sharper. 

 

(Credit: K. Brentzel and S. Dasgupta) 



What is needed: 
 

 

(1) Detailed Sun/Earth/Moon geometry prediction, 

(2) Spectrally resolved lunar albedo and non-linear phase function  

(4) Physical RT models of the underlying reflectance anisotropy 

(BRDF/Albedo/NBAR), aerosol, and cloud optical properties. 

(5) Science data processing software, QA, and validation.



What Constitutes a Science-Quality Product? 
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1. Traceability and Heritage 

from Román and Stokes (2015), Earth's Future, 3: 182–205. doi:10.1002/2014EF000285 

http://onlinelibrary.wiley.com/doi/10.1002/2014EF000285/full


What Constitutes a Science-Quality Product? 

1. Traceability and Heritage [VCM] 
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DOY 078, 2012, =129.4 
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1. Traceability and Heritage [VCM] 
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DOY 078, 2012, =129.4 

Cloudy 
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What Constitutes a Science-Quality Product? 

1. Traceability and Heritage [VCM] 
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DOY 078, 2012, =129.4 

Cloudy 



What Constitutes a Science-Quality Product? 

1. Traceability and Heritage [Snow QA] 
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Winnipeg, Canada 

DOY 039, 2012, =6.68 



What Constitutes a Science-Quality Product? 

1. Traceability and Heritage [Snow QA] 
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“Cloudy” (false alarm) Fractional Snow Cover > 50% 

DOY 039, 2012, =6.68 



What Constitutes a Science-Quality Product? 

1. Traceability and Heritage [Snow QA] 
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“Cloudy” (false alarm) 

DOY 039, 2012, =6.68 



What Constitutes a Science-Quality Product? 

1. Traceability and Heritage [Snow QA] 
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“Cloudy” (false alarm) 

DOY 039, 2012, =6.68 

 
Take Away: DNB products built on existing standard products have 

unique advantages in terms of heritage, provenance, and quality control. 

 



Isfahan (32.63˚N, 51.65˚E, 1.59 km) 

No Correction Terrain Correction 

At 5,217 feet (1.59 km) Isfahan parallax effects are substantial 

 Terrain correction has significant impact (note dramatic shift of Isfahan 

in the left-panel, in contrast to relative stability in the right panel. 

Note of caution: clouds under-lit by cities will cause apparent shifts in city light 

locations, since the terrain correction is done with respect to the terrain 

elevation, not with respect to the cloud altitudes!!! 

2. Consistency and Stability [Spatial] 

What Constitutes a Science-Quality Product? 

2143 UTC 

Credit: Steve Miller (CIRA) 
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What Constitutes a Science-Quality Product? 

Credit: Steve Miller (CIRA) 

2324 UTC 



What Constitutes a Science-Quality Product? 

2. Consistency and Stability [Temporal] 
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Miller and Turner (2009) Lunar irradiance model 

output, showing highly variable magnitude as 

function of lunar phase. 

DOY 186, 2012, =4.03, uncorrected) 

DOY 193, 2012 (=89.67) 



What Constitutes a Science-Quality Product? 

2. Consistency and Stability [Temporal] 

34 Miller and Turner (2009) Lunar irradiance model 

output, showing highly variable magnitude as 

function of lunar phase. 

DOY 186, 2012, =4.03, corrected 

DOY 193, 2012 (=89.67) 



2. Consistency and Stability [Temporal] 

What Constitutes a Science-Quality Product? 

Comparison of 2015 annual 

composites of the VIIRS Day/Night 

Band Moon-Free composite approach 

(top-image) vs. the NASA Lunar BRDF-

Corrected approach (bottom-image). 

The Lunar BRDF correction removes a 

whole set of artifacts and extraneous 

light sources, including stray-light 

(red/orange blobs at high latitudes) 

and bidirectional reflectance (i.e., 

BRDF) effects (e.g., natural surfaces 

illuminated by airglow have 

disappeared from the Lunar BRDF 

corrected composite). 

Straylight effects are contained to 

<15% of Lmin (3 nWatts/cm2•sr). 
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Lunar BRDF Correction of DNB (Cox-Munk Case)  

(Credit: Charles Gatebe, USRA) 
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3. Accuracy and 

Standardization  

• Coordinate the 

quantitative validation 

of satellite-derived 

products, with an 

emphasis on: 

• Validation across 

products from 

different satellite, 

algorithms, and 

agency sources. 

• Establish the use of 

the LPV Validation 

Framework (seen 

here). 
http://lpvs.gsfc.nasa.gov/ 

What Constitutes a Science-Quality Product? 





Puerto Rico’s Working Group on Light Pollution Field Campaign 
(May 23-27, 2016) 





Credit: National Park Service  



 



V1 Forward Processing and Reprocessing: Schedule 
Land Products: Schedule and Status 

Product Name and ESDT series Heritage MODIS  Product Status Product Availability 

Surface Reflectance 
VNP09 

MxD09 Science code delivered and transitioned to operations July 2016 

LAI/FPAR 
VNP15 

MxD15 Science code delivered and undergoing testing  August 16 

Snow Products 
VNP10 

MxD10 Science code delivered and undergoing testing July 16 

MAIAC 
VNP19 

MCD19 Science code under development at SCF October 2016 

BRDF/Albedo 
VNP43 

MCD43 Science code delivered and undergoing testing August 2016 

Burned Area 
VNP64A1 

MCD64A1 Science code under development at SCF March 2017 

Active Fires 
VNP14 

MxD14 Science code delivered and transitioned to operations August 2016 

Vegetation Index 
VNP13 

MxD13 Science code under development at SCF August 2016 

LST & E 
VNP11(VNP21) 

MxD11 (MxD21) Science code delivered and undergoing testing December 2016 

Ice Products 
VNP29/VNP30 

MxD29 Science code under development at SCF November 2016 

Phenology 
VNP12Q2 

MCD12Q2 Science code under development at SCF April 2017 

Day/Night Band None Science code delivered and undergoing testing April 2017 



Moving Forward 

• Finalize implementation of ‘Intrinsic-IP Branch’ (using VIIRS-only BRDF 

approach) and ‘Nighttime Branch’ (Lunar BRDF correction) NRT PGEs. 

• Incorporate feedback from GIBS-WV development team and key science users 

(e.g., Yale, NASA/SPoRT, UNOSAT). 

• DNB Product suite is currently at ‘Provisional Stage’, with validation to 

CEOS/WGCV/LPV Stage 1 to be effective in early-2017 (pending acceptance 

of PR-WGLP campaign results in peer-review). 

– Finalize VIIRS DNB Level 1b/2 subsetter and conduct global assessment 

over 1,500 sites [ftp://ladsweb.nascom.nasa.gov/subsets/ -- AM = America; 

EU = Europe; EA = East China and Pacific; and AF = Africa and Middle 

East]. 

– Conduct second PR-WGLP field campaign during the dry season          

(Dec, 2016 – Feb 2017), using enhanced measurement protocol and for 

planned Suomi-NPP Simultaneous Nadir Overpasses (SNOs). 
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ftp://ladsweb.nascom.nasa.gov/subsets/
ftp://ladsweb.nascom.nasa.gov/subsets/
ftp://ladsweb.nascom.nasa.gov/subsets/


• Mills and Miller (2016). VIIRS Day/Night Band—Correcting Striping and 
Nonuniformity over a Very Large Dynamic Range. J. Imaging. 

• Miller and Turner (2009), A Dynamic Lunar Spectral Irradiance Data Set for 
VIIRS DNB Nighttime Environmental Applications, IEEE-TGRS. 

• Zhang et al., (2013), The Vegetation Adjusted NTL Urban Index: A new approach 
to reduce saturation and increase variation in nighttime luminosity, RSE. 

• Johnson, et al., (2013), Preliminary investigations toward nighttime aerosol 
optical depth retrievals from the VIIRS DNB, AMTD. 

• Walther, et al., (2013), The Expected Performance of Cloud Optical and 
Microphysical Properties derived from Suomi NPP VIIRS DNB Lunar Reflectance, 
JGR-Atmospheres. 

• Cao and Bai (2014), Quantitative Analysis of VIIRS DNB Nightlight Point Source 
for Light Power Estimation and Stability Monitoring, Remote Sensing. 

• Román and Stokes (2015). Holidays in lights: Tracking cultural patterns in 
demand for energy services. Earth's Future, doi: 10.1002/2014EF000285 

http://onlinelibrary.wiley.com/doi/10.1002/2014EF000285/full
http://onlinelibrary.wiley.com/doi/10.1002/2014EF000285/full

