
Earth System & Geoinformation Sciences Colloquium
Depart. Of Geography and Geoinformation Science

Invited Speaker: Dr. Miguel O. Román NASA/GSFC
Time: Sept. 11, 2013, Wed. , 4:30-6:30 PM,

Location: Innovation Hall 215G

Land, Cryosphere, and Nighttime Environmental Monitoring
Capabilities from Suomi NPP VIIRS: Overview and Status

Abstract
The Visible Infrared Imaging Radiometer Suite (VIIRS) instrument was launched in October
2011 as part of the Suomi National Polar-orbiting Partnership (S-NPP:
http://npp.gsfc.nasa.gov/). The VIIRS instrument was designed to improve upon the
capabilities of the operational Advanced Very High Resolution Radiometer (AVHRR) and
provide observation continuity with NASA’s Earth Observing System’s (EOS) Moderate
Resolution Imaging Spectroradiometer (MODIS). Since the VIIRS first-light images were
received in November 2011, NASA and NOAA funded scientists have been working to
evaluate the instrument performance and derived products to meet the needs of the NOAA
operational users and the NASA science community. NOAA’s focus has been on refining a
suite of operational products known as Environmental Data Records (EDRs:
http://www.star.nesdis.noaa.gov/jpss/EDRTeam.php), which were developed according to
project specifications under the former National Polar-orbiting Environmental Satellite
System (NPOESS). The NASA S-NPP Science Team has focused on evaluating the EDRs for
science use, developing and testing additional products to meet science data needs and
providing MODIS data product continuity. This seminar will present to-date findings of the
NASA Science Team’s evaluation of the VIIRS Land and Cryosphere EDRs, specifically
Surface Reflectance, Land Surface Temperature, Surface Albedo, Vegetation Indices,
Surface Type, Active Fires, Snow Cover, Ice Surface Temperature, and Sea Ice
Characterization (http://viirsland.gsfc.nasa.gov/index.html).

The seminar will also discuss new capabilities being developed at NASA’s Land Product
Evaluation and Test Element (http://landweb.nascom.nasa.gov/NPP_QA/), with a particular
emphasis on downstream data and products from the VIIRS Day/Night Band (DNB). In land
research and applications, the VIIRS DNB will advance the study of urbanization dynamics
at regional and global scales. The availability of stable, well-calibrated, nighttime radiances
is of particular value to improve understanding of urbanization trajectories through the
explicit representation of urban land cover, urban population, and urban socio-economic
activities. This seminar will present a demonstration of the VIIRS DNB’s ability to: (1)
identify change in total energy consumption both spatially and temporally; (2) distinguish
between different types of energy use (e.g., residential, commercial, industrial, etc.); and (3)
improve the temporal resolution of exposure assessments from natural hazards.
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Overview

• The Suomi National Polar-Orbiting Partnership’s Visible

Infrared Imaging Radiometer Suite (VIIRS)

– Instrument Overview

– VIIRS Land EDRs (Early Cal/Val Period)

– VIIRS Day/Night Band

Our focus is on global validation of moderate-resolution
(> 30 m) land products and the development of long-term
data records for studying ecosystem change.

http://viirsland.gsfc.nasa.gov/index.html
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Suomi-NPP with 5 instruments

VIIRS

CrIS

OMPS

CERES

ATMS

13.2 ft long
8.5 ft wide
4,500 lbs



MODIS VIIRS

4from Wolfe et al.



VIIRS Spectral Channels vs. MODIS



Instrument characteristics
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Characteristic MODIS VIIRS

Swath width 2340 km 3040 km

Altitude 705 km 824 km

Spectral Bands 36 22

Focal planes 4 (VIS, NIR, MWIR, LWIR) 3 (VIS/NIR, S/MWIR, LWIR)

VIS/NIR B1, B2 @ 250 m
B3, B4 @ 500 m
B8 – B12 @ 1 km

I1, I2 @ 375 m
M1 – M7 @ 750 m

S/MWIR B5 – B7 @ 500 m
B20 – B26 @ 1 km

I3, I4 @ 375 m
M8 – M12 @ 750 m

LWIR B27 – B36 @ 1 km I5 @ 375 m
M13 – M16 @ 750 m

DNB DNB @ 750 m

from Wolfe et al.



VIIRS Geometry (Moderate Resolution Channels)



• 10/28/2011: Launched on NPP from VAFB



• 10/28/2011: Launched on NPP from VAFB.

• 11/08/2011: VIIRS instrument powered on.



• 10/28/2011: Launched on NPP from VAFB.

• 11/08/2011: VIIRS instrument powered on.

• 11/16/2011: NPP reaches Mission Orbit. All burns are done.

• 11/21/2011: VIIRS Nadir Door opened.



• 10/28/2011: Launched on NPP from VAFB.

• 11/08/2011: VIIRS instrument powered on.

• 11/16/2011: NPP reaches Mission Orbit. All burns are done.

• 11/21/2011: VIIRS Nadir Door opened.

• 11/22/2011: First Ocean Chlorophyll image (from Gene Feldman).



The Land PEATE: meeting the needs of the NASA

science team and helping the NOAA IDPS

VIIRS LDOPE QA

Global Browse

VIIRS Known Issues Page

VIIRS Level 3 Products





Suomi-NPP Global Browse (DOY 200-210, 2012)

http://landweb.nascom.nasa.gov/cgi-bin/NPP/browse/NPPbrowse.cgi



Land and cryosphere products from Suomi NPP VIIRS: Overview and Status
Miguel Román, Chris Justice, Ivan Csiszar, Eric Vermote, Robert Wolfe, Simon Hook, Mark Friedl, Zhuosen Wang,
Crystal Schaaf, Tomoaki Miura, Mark Tschudi, George Riggs, Dorothy Hall,
Alexei Lyapustin, Sadashiva Devadiga, Carol Davidson, and Ed Masuoka
http://onlinelibrary.wiley.com/doi/10.1002/jgrd.50771/abstract

Table 1: JPSS Accuracy Requirements (Threshold and Objective as Listed in
Version 2.7 of the JPSS Level 1 Requirements Supplement) and Estimated
Performance Based on NASA VIIRS Land Science Team Evaluations To-Date
( = fails threshold; = meets threshold; = meets threshold +
objective)a.

Figure 2: Comparison of S-NPP VIIRS (left) and
EOS-Aqua MODIS (right) fire detections on 9
September, 2012 in the Western US (ID,MT,WY).

Figure 1: Suomi NPP (S-NPP) VIIRS Global
Climate Modeling Grid Surface Reflectance
Intermediate Product for 26 October 2012.

Figure 3: MODIS Sea Ice Extent (Left) and
S-NPP VIIRS Sea Ice Characterization (Right)
for 8 June, 2012 over the Beaufort Sea.

EDR, IP, or ARP Threshold Objective Estimate (Evaluation Scenario)

Land Surface
Temperature

b 1.4 K 0.8 K
~ 1.0 K (dense vegetation and water)
> 2.5 K (semi-arid, seasonally varying
landscapes)

Surface
Reflectance

c ± (0.01+10%) ± (0.005+5%)
≤ 0.015 (dense vegetation and dark
surfaces)
> 0.015 (bright surfaces)

Surface Albedo 0.08 0.0125 > 0.078 (CEOS LPV sites and desert sites)

Vegetation Index
(TOA NDVI)

0.05 0.03
< 0.030 (nadir view over Western
hemisphere vs. MODIS Aqua)

Vegetation Index
(TOC EVI)

0.05 N/S
< 0.030d (nadir view over Western
hemisphere vs. MODIS Aqua)

Active Fires
e

[1.0, 5,000 MW]
[1.0, 10,000
MW]

N/S

Surface Type
f

70% PCT 80% PCT
~ 70% PCT (IGBP Classes 0-5,10,12-13,15-
16)
< 70% PCT (IGBP Classes 6-9,11,14)

Snow Cover
g

90% PCT 90% PCT ~ 90% PCT (Mid and High latitude regions)

Ice Age 70% PCT
h

90% PCT
h > 70% PCTi (Polar Regions, All Seasons)

< 70% PCTh (Polar Regions, All Seasons)

Ice Concentration N/S
j

N/S
Good Agreement vs. MODIS Sea Ice Extent
(Polar Regions, All Seasons)

Ice Surface
Temperature

1.0 Kelvin
k

N/S
< 0.2 K (vs. MODIS IST)
< 0.5 K (vs. KT-19 observations, Ice Bridge
cal/val campaign)



MODIS
Aqua

VIIRS
NOAA
IDPS

NASA
Land

PEATE

Poor SR retrieval
where AOT is flag
as bad…

Surface Reflectance IPEric Vermote (NASA)



Surface Reflectance IP

Instrument calibration is well
under control (although a
reprocessing is necessary)

Eric Vermote (NASA)



 Description: Provides land surface skin temperature at the satellite overpass time
under cloud-free conditions.

 Retrieval Strategy: Multichannel Linear Regression Approach; Surface Type Dependency

 Current Challenges: LST EDR does not provide dynamic land surface emissivity per the
current MODIS “day-night” algorithm. This is a valuable product and should be continued in
the JPSS era.

Land Surface Temperature (LST) EDR

NPP_VLST_Level_2, (01/26/2012)
Land PEATE-Adjusted

MYD11C1D_Aqua_LST, (01/26/2012)
Collection V005



Ice Temperature (IST) and Sea Ice Characterization (SIC) EDRs

IST EDR is produced for clear skies both
day and night over the oceans. It does not
include areas of fresh-water ice.

SIC EDR consists of an ice age
classification map that contains

classifications for ‘Ice-free’, ‘New/Young
Ice’ and ‘All Other Ice’ categories.



First Fire Images from VIIRS

Widespread agricultural burning in
South Sudan, East Africa.

Smoky fire burning in the mountains
east of San Diego, California

Current Challenges:

 ARP output (based on MODIS V004 [2003])
lacks the contextual fire mask and fire radiative
power (FRP) data layers.

 The science community addressing global fire
emissions, air quality, aerosol studies, and
ecosystem processes are currently utilizing
(and expect data continuity for) the MODIS
Burned Area Product.

Description: Geolocation of pixels in
which actively burning fires are detected.

(from I. Csiszar and W. Schroeder NOAA)







Land Surface Albedo EDR



Backscattering vs. Forward
Scattering

Isotropic reflectance Directional reflectance

Forward scattering
region

Backscattering
(hot-spot) region

The Bidirectional Reflectance Distribution Function

Photographs by Don Deering.

• Surface albedo can be accurately
estimated from the BRDF.

• The 'shape' of the BRDF contains
information on the three-dimensional
geometric structure of the surface.



BRDF/Albedo
Eight Day -> Daily

Observations weighted
Temporal, observation coverage, band quality

Dynamic observation stream

day 1, day 2 ... day 9, … day 16, day xxx … day 24 , day 25 … day xxx+15
… … …

VIIRS (based on MODIS Collection 5 eight day product)

MODIS Collection 6 daily product

Dynamic observation stream

day 1, day 2 ... day 9, … day 16, day xxx … day 24 , day 25 … day xxx+15
… … … … ……

… …



BRDF/Albedo: Magnitude Inversion

• VIIRS (based on MODIS
Collection 5):

Land cover based

• Collection 6:

Pixel based

Updated from the latest

full inversion

C6 backup database

Back-up Database



BRDF/Albedo: Number of input observations increased

• Collection 5:

The first 4 layers

• Collection 6:

All the available
observations

Tile h16v01 Number of observations, DOY 240







The Suomi-NPP VIIRS Day Night Band



Resolution Improvements:
DSMP/OLS vs. VIIRS DNB

 740 m instantaneous geometric field of view (DNB) vs. ~5 km for
the OLS results in dramatic spatial resolution improvements.

 DNB Imagery courtesy of Steven Miller CIRA/CSU
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 VIIRS DNB spatial resolution is 14X at nadir and 53X at the edge of scan

 Radiometric resolution across the large dynamic range (7X) using three
simultaneously collecting stages, choosing the most sensitive stage in
which the pixel is not saturated.

Resolution Improvements:
DSMP/OLS vs. VIIRS DNB



11/28/2011: First Look at VIIRS Day Night Band (from NGAS)



VIIRS DNB nighttime detection capabilities
(A) with and (B) without lunar illumination*



Detail of Italy 6/10/12, 00:02 UTC without
correction

35
S. Mills, NGAS

Lunar phase: 65%



Detail of Italy 6/10/12, 00:02 UTC with
correction

36
S. Mills, NGAS

Lunar phase: 65%



LAADS orders:
AS 3100

~15 Terabytes



Large Scale Cultural Festivities and Their
Impacts on Urban Light Energy Use

Román with GSFC summer interns



Ramadan, 2012 (Jul19 – Aug 18)



Qiyaam al-Layl (The Night Prayer)



DNB Radiance at Top of Atmosphere



DNB Radiance Lunar BRDF (from Miller et al., 2009) + Atmospheric Correction (6S)



Hilāl (Start of Ramadan)

Eid ul-Fitr (End of Ramadan)

Hilāl (Start of Ramadan)
Eid ul-Fitr (End of Ramadan)



11-July-2012 19-July-2012 27-July-2012 3-Aug-2012 11-Aug-2012 19-Aug-2012 27-Aug-2012 4-Sep-2012

Timing of Peak Energy Use: 2012 Ramadan Period (Jul 19 – Aug 18)

Hypothesis 1: More lights will be
turned on during Ramadan in
Muslim-majority areas, as
compared to before or after
Ramadan.

Hypothesis 2: Lights will be
comparably lower in areas with
a high proportion of votes for the
Muslim Brotherhood

-Adi Greif

Cairo District 2

Cairo District 4

Faiyum Districts 1&2





Hilāl (Start of Ramadan)
Eid ul-Fitr (End of Ramadan)



Hilāl (Start of Ramadan)
Eid ul-Fitr (End of Ramadan)



Holiday Season in the USA





8-Dec-2012 12-Dec-2012 16-Dec-2012 20-Dec-2012 24-Dec-2012 28-Dec-2012 2-Jan-2013 5-Jan-2013

Timing of Peak Energy Use: 2012 Holiday Season



Chinese New Year





11-Jan-2013 18-Jan-2013 25-Jan-2013 01-Feb-2013 8-Feb-2013 15-Feb-2013 22-Feb-2013 1-Mar-2013

Timing of Peak Energy Use: Chinese New Year (January 23)

Beijing

Tianjin

Binzhou

Zhengzhou

Dingzhou



Using the VIIRS DNB to improve exposure
assessments from natural hazards



Major Hurricanes in Puerto Rico (1900-2000)



(Launch +8 months) DC/Derecho Storm

(Front Page Article on 7/5/2012)

For outreach and disaster response, it is essential to produce images quickly...



Image from NASA Website, DNB night radiance
06/30/12

How much change is due
to power outage? How
much is clouds? How
much is stay light bias?

J. Allen and R. Simmon, NASA



Hurricane Sandy and February Nor'easter
(New York State)

Hurricane Sandy

Nor'easter Storm



Hurricane Sandy and February Nor'easter
(New Jersey State)

Hurricane Sandy

Nor'easter Storm



Summary

• Integration is key -- i.e., algorithms,
instrument characterizations,
calibration/validation, data processing, etc. A
perfect sensor suite would not by itself make
for a useful climate data record. Likewise, a
state-of-the-art retrieval algorithm does not
ensure a useful science data record.


