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NASA has developed a global suite of standard products that represent the current state-

of-the-art in nighttime lights (NTL) applications, NASA’s Black Marble nighttime lights

product suite (VNP46). Distributed in Level 3 format, NASA’s Black Marble products

have been available from January 2012-present with data from the Visible Infrared

Imaging Radiometer Suite (VIIRS) Day/Night Band (DNB), aboard the Suomi-NPP

satellite, at 500m spatial resolution via NASA’s Level-1 and Atmosphere Archive and

Distribution System Distributed Active Archive Center (LAADS-DAAC).

The NASA Black Marble algorithm produces daily cloud-free nighttime radiances that have been

corrected for atmospheric, terrain, lunar BRDF, and straylight effects. Key algorithm enhancements

include: (1) lunar irradiance modeling to resolve non-linear changes in phase and libration; (2) vector

radiative transfer and lunar bidirectional surface anisotropic reflectance modeling to correct for atmospheric

and bidirectional reflectance distribution function (BRDF) effects; (3) geometric-optical and canopy radiative

transfer modeling to account for seasonal variations in NTL; and (4) temporal gap-filling to reduce

persistent data gaps.

Overview of NASA's Black Marble retrieval strategy. During the ~50% portion of the lunar cycle when

moonlight is present at the time of satellite observation, the surface upward radiance from artificial light

emissions, LNTL [units of nWatts·cm−2·sr−1], can be extracted from at-sensor nighttime radiance at TOA

(LDNB). Lpath is the nighttime path radiance, a(θm) is the VIIRS-derived actual surface albedo. The

atmospheric backscatter is given by ρa. T↓(τ,θv) and T↑(τ,θv) are the total transmittances along the lunar-

ground and ground-sensor paths (respectively). P↑(θv) is the probability of the upward transmission of

NTL emissions through the urban vegetation canopy.
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Thermal Anomaly Detection

Joint multispectral normal class model to detect thermal and light emission signal of anomalies.

Implemented unsupervised approach that learns background model to detect deviations.

Detected anomaly consists of both thermal and light emission signals. M-band model is

derived from autoencoder, pca, reed-xiaoli detectors, etc. DNB detection is based on clustering

the scene and expressing each pixel as a function of its neighbors based on cluster properties.

High radiance pixels after removing urban signal, electric lightning are anomalies. These are

further filtered to retain pixels that show positive deviation (2 sigma away from background) in

at least one M-band.

Continental United States of NASA’s Black Marble 2016 annual composite (VNP46A4).   

Black Marble Daily Top-of-Atmosphere (VNP46A1) and Lunar BRDF-corrected (VNP46A2) products.

Multi-Angle Nighttime Lights Products

Black Marble monthly products (VNP46A3) with multiple view angle categories.

Conflict and Population Displacement

VNP46A5 Change Metrics provide accurate continuous monitoring of global NTL change.

Ukraine War: Automated Detection of NTL Changes using VNP46A5

Aurora Detection

Defining an Aurora Mask from VIIRS Level-1B Day/Night Band and Daily Black Marble Products.

Nighttime Cloud Detection

AI/ML is used to improve the detection of thin clouds that may not have a distinct thermal

signature. The unsupervised method naturally outlines varying radiance classes (16-line

signature of lightning) and generates a catalog for different DNB features (e.g., cloud, smoke,

lightning). Examining segmentation methods such as U-net and fully connected networks to

outline cloud pixels. Future improvement: improve model performance by expanding the training

set, outlining multiple classes, and integrating with VIIRS nighttime-IR bands.

Nighttime Vessel Detection

Original TOA radiance      Lunar BRDF-corrected radiance    Detected Vessels

Lunar BRDF-corrected nighttime radiance and boat detection South China Sea; March, 2019.

DNB detection of weaker, small source area anomalies missed by VIIRS-IR bands.


