Fires, flares, boats and lights: product
lines from nighttime VIIRS data

Christopher D. Elvidge, Ph.D.
NOAA-NESDIS-NCEI Earth Observation Group
Boulder, Colorado USA
chris.elvidge@noaa.gov
Kimberly Baugh, Mikhail Zhizhin, Feng-Chi Hsu, Tilottama Ghosh

University of Colorado
August 16, 2017

'USAID

FROM THE AMERICAN PEOPLE



mailto:chris.elvidge@noaa.gov

Cities and human

settlements
"k:‘ : =:*_

Industrial Sites | ’r |, s ip. _

Jf’!"r'—t—-r-—'-'--'-""l

E

——

Gas Flares



VIIRS Collects Two Styles of Low Light
Imaging Data

1. Signal intensification to detect faint radiant
emissions in the visible and near infrared — the
Day Night Band (DNB).

2. Daytime channels at night — enabling the
detection of radiant emissions that are obscured
by reflected sunlight. VIIRS collects the
following at night:

M7 at 0.865 um

M8 at 1.24 um

M10 at 1.61 um

M11 at 2.25 to be added soon!



Basra Gas Flares, Iraq - July 17, 2012

VIIRS low light
imaging at night:
DNB detects
electric lighting,
fires and flares.
M7,8 & 10 detect
combustion
sources.




Three global product lines
https://ngdc.noaa.gov/eog/viirs/index.html

VIIRS boat detections (VBD): Offshore detections of lights used by
fishery agencies. Expanded to global in May, 2017. JPSS proving
ground project (FY15-17). Four hour temporal latency.
https://ngdc.noaa.gov/eog/viirs/download_boat.html

VIIRS nightfire (VNF): Multispectral detections of fires, flares and
other IR emitters. Used for annual surveys of gas flare locations and
flared gas volumes. JPSS proving ground project (FY12-14). NASA
carbon monitoring system (FY16-18). Four hour temporal latency.
https://ngdc.noaa.gov/eog/viirs/download_viirs fire.html

VIIRS nighttime lights (VNL): Global annual average radiances
filtered to remove sunlit, moonlit, and cloudy observations.
Additional filtering to remove lightning, fires, aurora, and
background noise. NASA VIIRS Science Team (FY15-17). Widely
used in the sciences, social sciences, and development tracking
communities. https://ngdc.noaa.gov/eog/viirs/download_dnb_composites.html



VIIRS boat detection (VBD)
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Algorithms run on images, output points, vast
data volume reduction

VIIRS
day/night
band (DNB)
nighttime

Boat detection
data (points)




Single Night of Detections (June 9, 2017)

Standard is four hour temporal latency,
with files available at 06:00 local time
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Placemarks sized based on radiance and have
information panels

Pulau Tiernates

Type=Boat

Latitude=-4.050519
Longitude=116.618881

Time UTC=2017-06-08 17:19:16

Local Time=2017-06-09 01:19:16
DMB*1EY Radiance=114.566000
EEZ=Indonesian Exclusive Economic Zone
FMZ=WFPT713

MPA=MA

ID=VEBD_npp_d20170808_t1719164_x1166189E_y0405055_|0637_s1421_v23

QF_Detect=1

QF_BitFlag=2523

Land-Sea=Ccean
DNB_name=SWVDMB_npp_d20170808_t1718088_e1719309_b2B085_c20170808184208384733_ncac _ops.hb5
Spike Median Index=1.275320

Sharpness Index=0.892882

Spike Height index=0 988873

SMI threshold=0.401838

Lunar illuminance=0.178507

CMB vs |05 comelation=0.038218

Directions: To here - From here




VIIRS Boat Detection (VBD)

Expanded from Asia-Pacific to global May, 2017.

Temporal latency is ~¥4 hours, with last night’s data files
available at 06:00 local time.

Files are available at:
https://ngdc.noaa.gov/eog/viirs/download boat.html

Services running for 44 countries (in addition to global).

Alerts running for MPAs, restricted coastal waters, and
seasonal fishery closures in Indonesia and Philippines. BFAR
region 5 (Philippines) reported 14 apprehensions in 2016
based on VBD alerts.

Methods developed for identification of “dark” vessels that
lack VMS (vessel monitoring system).



https://ngdc.noaa.gov/eog/viirs/download_boat.html

Detection of illegal fishing boats in restricted coastal waters

June 1, 2017
alert for
municipal
waters in the
Philippines.
Commercial
fishing is
banned in
these coastal
waters.
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VMS Tracks in Natuna Sea
October 1, 2016




October 1, 2016 boats detected by
VIIRS but lacking VMS are suspect
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VIIRS Nightfire (VNF)

A multispectral global fire product
Makes use of near-infrared and shortwave infrared data.

What is different from other global fire products?

— Two independent hot source detection algorithms:

e M10 in the shortwave infrared
e M12-M13 in the midwave infrared

— Dual Planck curve fitting (background and hot source) followed by
calculations using physical laws

— Temperature calculation based on Wien’s Displacement Law
— Source area estimation based on Planck’s Law
— Radiant heat (W/m2) calculated using the Stefan-Boltzmann Law

Nightly global data are available at:
http://ngdc.noaa.gov/eog/viirs/download_viirs_fire.html

Global gas flaring data are available at:
http://www.ngdc.noaa.gov/eog/viirs/download_global flare.html



VIIRS Nightfire (VNF): A global multispectral fire product
Nine channels of data collected at night
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Nighttime collection of channel 11 is expected to start in 2017



Why Multispectral?

Combustion parameters:

ID=VNF_npp_d20140426_t0800568_e0806372_b12924_x0922946W_y196042N_I2716_s2045_v21
Lat=19.604204 Lon=-92 294524 deg. Time=2014/04/26 08:06:32 O e
Temperature source=1730 deg. K Temperature background=291 deg. K

Radiant heat intensity=16.63 Wim2 Radiant heat=13.18 MW

Source footprint=25.96 m2
Methane equivalent=0.356 mals COZ2 equivalent=651.983 g/s
Cloud state=clear Atmosphere correctad=no

IR zource radiance
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Daily files are in csv and kmz formats ..



Typical Biomass Burning Detection

-/

Combustion parameters:

ID=VNF_npp_d20140425_t1815286_e1821090_b12930_x1060700E_y138260N_I0B04_s1065_v21
Lat=13.825904 Lon=106.070045 deg. Time=2014/04/26 18:17:32 te m pe ratu re

~ y Temperature source=942 deg. K Temperature background=291 deg. K
Radiant heat intensity=17.98 W/m2 Radiant heat=16.68 MW
Source footprint=373.71 m2 t h an aS
Cloud state=clear Atmosphere corrected=no g
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Daily VNF data are available at:
http://ngdc.noaa.gov/eog/viirs/download_viirs_fire.html
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Current processing typically runs with a four hour delay



Temperatures are bimodal
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Gas Flaring

A widely used practice to dispose of natural gas that cannot be
utilized or brought to market due to lack of infrastructure.

VNF is ideally suited for detecting and estimating flare volumes
because the M10 band covers the peak radiant emissions for flares.

Using VNF data we have identified 18,129 flares from 2012-2015.
Russia has the largest flare volume.
USA has the largest number of flares.

VIIRS data can be used for Monitoring, Reporting, and Verification
(MRV) of gas flaring reductions:

— Greenhouse gas emission reduction commitments under the Paris
Climate Agreement

— UN & Worldbank “Zero routine flaring by 2030” inititative.



UN Initiative to end routine flaring by 2030
@ THE WORLD BANK  working for a World Free of Poverty o o |

IBRD - IDA

How will
progress
be tracked?
VIIRS!

A ABOUT DATA RESEARCH LEARNING MEWS PROJECTS & OPERATIONS PUBLIt

Zero Routine Flaring by 2030

JIC -~ EENEEE] -+

FEATURED £2/2%

o da The Zero Routine Flaring Initiative

May 22, 2015 — The initiative was launched by UNSG Ban Ki-
moon and WBG President Jim Yong Kim with governments, oil
Read More »

Initiative Q&A Quick Facts

Fndorsers Get Involved Related Information

Flaring in the News

During oil production, associated gas is produced from the reservoir together with the oil.
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Annual summaries of gas flare locations and gas flare

volume estimates are available at:
https://ngdc.noaa.gov/eog/viirs/download_global_flare.html
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Flaring in billions of cubic meters (BCM)
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VIIRS Nighttime Lights (VNL)

 Raw cloud-free composite: Average DNB
radiance filtered to remove sunlit, moonlit,
cloudy, and lightning.

e Qutlier removal to filter out the biomass
burning and most of the aurora
contamination.

* VIIRS nighttime lights: Filtered to remove
background noise and manual editing to
removed remaining aurora features.




VIIRS Nighttime Lights (VNL)

Raw cloud-free composite Outlier removed Nighttime lights
m— | .




Power grid
behaviors
uncovered by
VIIRS in Pakistan.
Three months as
RGB (Jan. 2013

red, Oct. 2012
green, April 2012
blue).




Summary: Three global products

e VBD: Nightly VIIRS boat detection (VBD) data produced with
4 hour latency. Alerts for closures and protected areas. ID of
boats lacking tracking records from VMS or AIS. Monthly and
annual summary grids. Data access:

— https://ngdc.noaa.gov/eog/viirs/download_boat.html

e VIIRS nightfire.

— Nightly data:
https://ngdc.noaa.gov/eog/viirs/download viirs fire.html

— Annual gas flaring data:
https://ngdc.noaa.gov/eog/viirs/download global flare.html

e VIIRS nighttime lights — monthly and annual cloud-free
composites.

— https://ngdc.noaa.gov/eog/viirs/download_dnb_composites.html



https://ngdc.noaa.gov/eog/viirs/download_viirs_fire.html
https://ngdc.noaa.gov/eog/viirs/download_global_flare.html
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