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JPSS Outline

VIIRS Imagery Overview

e (Cal/Val Team Members

e Sensor/Algorithm (GTM EDRs)

e S-NPP Product(s) / Examples

e JPSS-1 Readiness (no earlier than 16 March 2017 launch)
e Summary and Path Forward

STAR JPSS Annual Science Team Meeting, 8-12 August 2016



3 Cal/Val Team Members
1| Organization | Team Members | _Roles and Responsibiliies

D. Hillger StAR/RAMMB D. Lindsey, D. Imagery product lead, weekly reports, social
Molenar media interactions, data infrastructure

T. Kopp Aerospace Cal/Val Lead, VIIRS heritage

S. Miller CIRA/RAMMB C. Seaman, S. Imagery call/val , VIIRS online, end user

Kidder, S. Finley, G. support (including tropical cyclones), VIIRS
Chirokova, J. Torres,  training

L. Grasso
D. Santek CIMSS/SSEC T. Jasmin, T. Rink, W.  McIDAS-V (display tools)
Straka Ill MCcIDAS-X
K. Richardson NRL — Monterrey A. Kuciauskas NexSat, VIIRS web
C. Elvidge NCEI — Boulder K. Baugh DNB
JAM NASA DPE R. Marley Algorithm testing
Noblis G. Mineart Requirements
Raytheon K. Ahmad, W. Ibrahim Operations
AIT StAR M. Tsidulko Integration
Alaska users GINA, NWS E. Stevens, others End users, analysis and forecasting
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VIIRS EDR Imagery

 VIIRS Imagery remapped to the Ground Track
Mercator (GTM) grid, eliminating overlapping pixels and

bowtie deletions.

« NCC Imagery is a pseudo-albedo derived from the DNB by normalizing
the large radiance contrast in DNB from day to night (7 orders of

magnitude)

Characteristic SDR EDR

Visible and IR | Radiances and/or reflectances |Radiances and/or

bands reflectances (same as SDR)

Geo-spatial Satellite projection Ground Track Mercator

mapping e Cross-track scans (GTM) projection:
 Bowtie (on spacecraft) e Rectangular grid

deletions * Noimagery gaps

e Overlapping pixels * No pixel overlap

Day/night DNB (radiances) NCC (pseudo-albedos)

imagery
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VIIRS EDR Imagery

® EDRImagery is a Priority 1 VIIRS product
® Certain EDR Imagery bands are Key Performance Parameters (KPPs)
° 11,14,15, M14, M15, M16 (6 original LLRD KPPs)
* DNB/NCC and I3 are now also KPP bands (new in 2015)
® The KPP itself reads as follows:

® VIIRS Imagery EDR for bands 11, 14, I5, M14, M15, and M16 for
latitudes greater than 60 N in the Alaskan region

® S-NPP Cal/Val Status

®* Imagery has been Validated since early 2014 (about 2 years after first light
VIIRS imagery)

® Remaining Imagery issues are minor, except for long data latency for
some (non-Direct Broadcast) imagery (to be resolved with Block 2.0; and
with 2 readout sites with maximum of % orbit latency)

® Several websites for the Imagery (including LTM (Long Term Monitoring)
® Engaging users for validation and feedback
® NESDIS Social Media highly receptive of VIIRS Imagery
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3 Table 1: Required Imagery EDR Products

Key Performance Parameters (KPPs) — 8 bands

Spatial Resolution
Imli%irdqutDR VIIRS Band Wa\(li:i;]gth Nadir/Edge-of-Scan
(km)
Daytime Visible 11 0.60 - 0.68 0.4/0.8
Short Wave IR K 1.58 - 1.64 0.4/0.8
(SWIR)
Mid-Wave IR 14 3.55-3.93 0.4/0.8
(MWIR)
Long-Wave IR 15 105-12.4 0.4/0.8
(LWIR)
LWIR M14 8.4-8.7 0.8/1.6
LWIR M15 10.263 - 0.8/1.6
11.263
LWIR M16 11.538 - 0.8/1.6
12.488
NCC DNB 0.5-0.9 0.8

STAR JPSS Annual Science Team Meeting, 8-12 August 2016



3 Table 2: Other IDPS-generated Imagery EDRs

Other Priority 1 (non-KPP) EDRs — 4 more bands

Imagerv EDR Spatial Resolution
Jery VIIRS Band | Wavelength (um) | Nadir/Edge-of-
Product
Scan (km)
Near Infrared (NIR) 12 0.846 — 0.885 0.4/0.8
Visible M1 0.402 - 0.422 0.8/1.6
Visible M4 0.545 - 0.565 0.8/1.6
SWIR M9 1.371 - 1.386 0.8/1.6

Total VIIRS bands

8

12
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)5 VIRS Imagery outreach at

RAMMB/CIRA and others

VIIRS Imagery and image products outreach:

— VIIRS Imagery and Visualization Team Blog - 5
(http://rammb.cira.colostate.edu/projects/npp/blog/)

— Seeing the Light: VIIRS in the Arctic
(http://rammb.cira.colostate.edu/projects/alaska/bloq/)

— Suomi NPP VIIRS Online (including direct-broadcast imager
(http://rammb.cira.colostate.edu/ramsdis/online/npp viirs.asp)

NRL-Monterey uses of VIIRS:

— NexSat http://www.nrimry.navy.mil/NEXSAT.html|
— VIIRS http://www.nrimry.navy.mil/VIIRS.html

NEIC-Boulder Earth Observation Group (EOG):
— VIIRS http://ngdc.noaa.gov/eog/viirs.html

StAR JPSS VIIRS “Image of the Month”
—  http://www.star.nesdis.noaa.gov/|pss/
StAR ICVS Long Term Monitoring:

— http://www.star.nesdis.noaa.gov/icvs/status NPP_VIIRS.php (select
“EDR Imagery Over Alaska”)
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http://rammb.cira.colostate.edu/projects/npp/blog/
http://rammb.cira.colostate.edu/projects/alaska/blog/
http://rammb.cira.colostate.edu/ramsdis/online/npp_viirs.asp
http://www.nrlmry.navy.mil/NEXSAT.html
http://www.nrlmry.navy.mil/VIIRS.html
http://ngdc.noaa.gov/eog/viirs.html
http://www.star.nesdis.noaa.gov/jpss/
http://www.star.nesdis.noaa.gov/icvs/status_NPP_VIIRS.php

3 VIIRS Imagery & Visualization

The Great Flood of 2015

11/137/2015 13'1}'201_6

Figure JPSS-2. VIIRS Natural Color RGB composite imagery from Nov. 13, 2015 (left) and Jan. 1,2016 (right)
reveals the extent of the flooding in the Midwest due to heavy rains that occurred between the Christmas and
New Year's holidays. The VIIRS Imagery and Visualization Team Blog updated their post that discusses the
flood event, causing the Mississippi River to reach its highest crest since the Great Flood of 1993. St. Louis,
MO received 3 month's worth of precipitation in a three day period from December 26-28, 2015. Images
like these have been shared on social media. Additional images and discussion are available at:
http://rammb.cira.colostate.edu/projects/npp/blog/index.php/uncategorized/the-great-flood-of-2015/.
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3 VIIRS Image of the Month — Cloudsnow Day

% . Figure JPSS-11. The image was
~* taken @ 1925Z on 5 February 2016,
F; a few days after a snowstorm that
came through the state of Colorado,
1-2 February 2016. The image shows
the state of Colorado and its
neighboring states, where it
. discriminates and highlights the
. differences between snow on the
- ground (white) from the low-to-high
. level clouds (yellow). On this
particular day, there were not many
clouds hovering over the state.
Additionally, one can see that almost
K the entire state of Colorado, from the
i . Rocky Mountains to the eastern High
Plains, are covered in snow. The
. 3 snowstorm brought 12-18 inches (30-
Ly : - 50 cm) of snowfall (i.e., snow depth)
o and approximately 1-2 inches (25-50
mm) of snow-water equivalent (a.k.a.
SWE, the amount of liquid water
contained within the snowpack) to
the front range and Denver
Metropolitan areas.
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~°~QV~IIRS Image of the Month - View of Cool Airmass

VIIRS I-band 5 - 14 Feh. 2016 - 2:00 am EST /

NOAA/NASA RAMMB/CIRA

Figure JPSS-10. A bitterly cold airmass dropped over the northeast U.S. on Valentine's Day (Feb. 14,
2016), resulting in many daily record cold temperatures, including in Albany, Watertown, and Syracuse,
New York. It was also the coldest temperatures observed in several decades in a number of

locations. NPP's nighttime pass at 2 am EST allowed for an impressive VIIRS I-band 5 image over a region
that was largely cloud-free. Its high resolution (375 m) captured sharp horizontal gradients in brightness
temperature, largely tied to terrain features such as ridges and valleys. The coldest pixel in this scene (in
the U.S.) was -49.4 C in a river valley northeast of Watertown, NY. It should be noted that these brightness
temperatures are not the "shelter temperatures” that are used for surface temperature observations.

STAR JPSS Annual Science Team Meeting, 8-12 August 2016
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3 VIIRS Image of the Month — Saharan Dust

Figure JPSS-1. VIIRS True Color RGB composite image of Saharan dust
outbreak over Spain and Portugal (12:40 UTC 21 February 2016).

STAR JPSS Annual Science Team Meeting, 8-12 August 2016
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JImage of the Month — Fort McMurray Wildfires

True Color? Fire Temperature

Figure JPSS-1. Imagery from May 5, 2016 centered over the Fort McMurray fires: True-color/red-green-blue (RG) (top
left); Fire-temperature RGB (top right); M13 single-band infrared (IR, 4.0 ym, bottom left); and 14 (3.7 ym, bottom
right).(Courtesy Curtis Seaman (Cooperative Institute for Research in the Atmosphere (CIRA and Dan Lindsey (STAR).
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D Image of the Month — Pavlof Eruption

Pavlof Eruption
A number of VIIRS images were provided by RAMMB/CIRA to NESDIS, which were in turn

shared with the media. Some of these were picked up by various media outlets, including
http://www.wired.com/2016/03/pavilofs-unexpected-eruption-alaska-spews-ash-20000-feet-high/
and http://fox2now.com/2016/03/28/volcano-erupts-in-southwest-alaska-sends-ash-20000-feet/.

VIIRS Day Night Band . VIIRS I-band 5
28 Mar. 2016 - 1152 UTC | 28 Mar. 2016 - 1152 UTC

Pavlof's volcanic emissions
Minimum brightness temp: -49 C

= =5 - o aaete 2 ik S St
NOAA/NASA RAMMB/CIRA NOAA/NASA RAMMB/CIRA e g . = ‘ i

Figure JPSS-1. VIIRS Day/Night Band (DNB)  Figure JPSS-2. Same as Figure JPSS-1, but
from 1152 March 28, 2016 of recent Pavlof  VIIRS color-enhanced 15 (11.45 um) band.

eruption in the Alaska Peninsula.
STAR JPSS Annual Science Team Meeting, 8-12 August 2016 14
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3 Image of the Month — Pavlof Eruption

Figure JPSS-31. Suomi NPP VIIRS
image from about 1:30 AM local
time (~9 hours after the initial
eruption of Pavlof on March 27,
2016). Information from Suomi
NPP’s Day/Night Band sensor
(measuring reflected moonlight off
snow, clouds, and ash) has been
blended with other measurements
that are sensitive to the
temperature and composition of
water/ice clouds and volcanic ash.
With each unique observation
playing its part, the low water
clouds and snow cover are shown
in yellow, higher/thicker ice clouds
in shades of blue, and the heart of
Pavlof’s ash plume streaming to the
northeast depicted in red/orange.
For reference, the coastal
boundaries are drawn in purple.
(Steve Miller, CIRA)
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“image of the Month — Tropical Cyclone Fantala
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Figure JPSS-31. RAMMB/CIRA personnel provided another ‘Image of the Month’, this time of
Tropical Cyclone Fantala, which achieved a Category 5 intensity of 150 knots on 17 April as it
passed north of the island of Madagascar in the southwestern Indian Ocean. It was the most
powerful storm in the Indian Ocean on record. The daytime infrared and visible images from
the VIIRS 375-m I-bands show a very well-organized storm with a warm eye, symmetric cold
central dense overcast, and evidence for mesovortices in the low-level clouds inside the eye.

(D. Lindsey, StAR)
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3 Image of the Month — Fires & Smokes

Fires and Smoke in VIIRS Imagery: The image is a result of Principal Component Analysis of VIIRS M-band
Imagery. Selected components were combined in this three-color/RGB image, showing the fires and smoke
affecting eastern Colorado, western Kansas and Nebraska on 16 June 2016 at 1954 UTC, in otherwise clear
conditions. Normally, smoke is seen best in forward scattering (morning imagery for GOES-West, or evening
imagery for GOES-East), with very little signal in backscatter with an overhead sun (as in this ~11 am local
VIIRS image). However, this product relies heavily on the VIIRS visible/reflective bands (M1-M5) where
scattering increases at shorter wavelengths. Band combinations reveal the smoke, which is an otherwise subtle
signal in any single-band image.

Figure JPSS-1. False three-color image of fires & smoke from 16 June 2016 at 1954 UTC. The two main fires in Arizona and
New Mexico, as well as a smaller fine in southeastern Colorado, caused a smoke layer over eastern Colorado. This product is
a result of Principal Component Analysis of the VIIRS M-band imagery, with the main signal coming from the visible/reflective
bands M1-M5.

STAR JPSS Annual Science Team Meeting, 8-12 August 2016
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2J% VIIRS on Social I\/IedlaI
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A - NEXT (jENERﬁlTIDN SATELLITES

SOURCE: NOAA/CIRA ;

WEATHER NEW WEATHER SATELLITETECHNOLOGY
el First satellite to launch in November 2016

The Weather Channel aired a segment on 16 June 2016 about observing
hurricanes and typhoons with future satellites, including GOES-R and Suomi

NPP/JPSS. RAMMB/CIRA provided some VIIRS and Himawari AHI imagery that
was used in the segment.

STAR JPSS Annual Science Team Meeting, 8-12 August 2016
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/)5 DNB Imagery with Moon
Phase/lllumination

Here are the links to the CONUS and Alaska loops for the DNB Moon imagery.
For the Alaska loop you may need to zoom out when displaying the sequence.

http://rammb.cira.colostate.edu/templates/loop directory.asp?data folder=visitvie
w/custom/DNB images/Moon Phases DNB

http://rammb.cira.colostate.edu/templates/loop directory.asp?data folder=visitvie

w/custom/DNB images/Moon Phases DNB/Alaska/

STAR JPSS Annual Science Team Meeting, 8-12 August 2016
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JPSS-1 Cal/Val Plan

 JPSS-1 Image Cal/Val Plan

— Quantitative calibration (radiances/reflectances)
at SDR level

— Qualitative validation of Imagery by end users

* Preparations for JPSS-1 VIIRS Imagery

— DNB changes due to increased pixel aggregation
at edge of scan and extended swath width
— This was tested using simulated data for JPSS-1
— No changes to NCC software/product needed

STAR JPSS Annual Science Team Meeting, 8-12 August 2016
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NOAA DNASA

Simulation of increased aggregation at edge of swath and
extended granule and offset of nadir for JPSS-1 DNB

A) DNB from S-NPP used to display how DNB will look from JPSS-1, with the blue area on the right filled with
extended scene imagery (currently missing in this simulation)
B) The DNB remapped into the GTM mapping used for NCC, showing that the NCC shifts the DNB imagery to
the right, placing nadir at the center and ignoring the extended scene data on the right. In each image, the
dashed line shows the approximate location of nadir.

STAR JPSS Annual Science Team Meeting, 8-12 August 2016 21



3 EDR Imagery Team J1 L+90 actions

From EDR Imagery (KPP)

There is only one LUT that may require adjustment, but it is a long-
term need and it would NOT require an update in the first 90 days

NCC Imagery is dependent on the stray light and other DNB fixes
from the VIIRS SDR Team.

Need to visualize the Imagery as soon as possible, given we have to
reach validation by L+90 days

— Download Imagery and create image products as soon as
possible.

— Provide Imagery to, and seek feedback from users, particularly
NWS/AWIPS and Alaska.

STAR JPSS Annual Science Team Meeting, 8-12 August 2016
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3 NCC Terrain Correction (TC) geo-locations needed!

 With NCC Imagery now available to NWS users via AWIPS, the JPSS Satellite
Liaison has put together NCC loops for user familiarization and training

 These loops reveal an issue with NCC Imagery: that light sources move from
image to image (by several kilometers, unlike similar TC DNB loops)

— This is likely due to the fact that for Imagery EDRs (NCC, etc.) are based on
ellipsoid geo-locations

— SDRs have both ellipsoid and terrain-corrected geo-locations

« The VIIRS Team and the EDR Imagery Team both supported TC geo-locations
for DNB (SDR) in 2011/2012

— Now it's time to add TC geo-locations, or replace the ellipsoid geo-locations

— This will require some effort to prove there’s a need for a change, document user
support for the change, and take this issue thru the review boards and LORWG

 Example for Colorado fires, 9-12 July 2016

— http://[rammb.cira.colostate.edu/templates/loop directory.asp?data folder=visitvie
w%2Fcustom%?2FFires 07 12 16%2F

 Example from the Sand Fire in Southern California, 22-25 July 2016

— http://[rammb.cira.colostate.edu/templates/loop directory.asp?data folder=visitvie
w/custom/Sand Fire CA July 2016/
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Summary & Path Forward

® VIIRS Imagery is excellent:

Visible/IR are especially high quality (and best spatial resolution among
operational satellites)

DNB/NCC is the innovative product from VIIRS that is not available from any
geostationary satellite/orbit (or will be for many years!)

Interactions with users vital for Validation (particularly Alaska and other NWS
users)

Social Media outlets highly receptive of VIIRS Imagery. Good publicity for
NOAA/NESDIS and JPSS/VIIRS

® Path Forward

S-NPP and forward: NCC Terrain Corrected geo-locations needed (examples
presented, with shifts of several kilometer at higher elevations)
J1: New DNB aggregation modes for end of swath pixels on JPSS-1, resulting in
extended swath and offset of nadir

e NCC algorithm/product was tested using simulated DNB from VIIRS SDR Team.

J2 and Beyond

* VIIRS has a potential underlap problem in the footprint which will lead to a
footprint gap between VIIRS scans (detector 1 in one scan and 16 in the next
scan) especially at nadir and near the equator

¢ Recommend changes to VIIRS (a water vapor band has been proposed)

STAR JPSS Annual Science Team Meeting, 8-12 August 2016
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I Postage stamps featuring VIIRS
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Nighttime VIIRS Processing at
NOAA/NCEI/EOG

Kimberly Baugh
Earth Observation Group (EOG)
CIRES - University of Colorado, USA
NOAA National Centers for Environmental Information (NCEI), USA
Kim.baugh@noaa.gov

Chris Elvidge - NOAA NCEI, USA
Mikhail Zhizhin - CIRES - University of Colorado, USA
Feng Chi Hsu - CIRES - University of Colorado, USA
Tilottama Ghosh — CIRES — University of Colorado, USA



EOG Nighttime VIIRS Product Lines

VIIRS Boat Detection (VBD)
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Earth Observation Group Nighttime
VIIRS Product Generation System

GRAVITE
~2 hour latency

DNB and | bands
Data volume = 250GB/day

US Ground Stations
~30 minute latency

DNB and M bands
Data volume = 25GB/day

CLASS
~7 hour latency

VIIRS Boat Detection (VBD)

e Detects offshore DNB spikes
*  Four hour latency

Output csv and kmz posted at NCEI

web site
http://www.ngdc.noaa.gov/eog/viirs/download_
total_boat.html

e VIIRS NightFire (VNF)

e Geolocated DNB
mosaics

e for North America with
~1hr latency

DNB and M bands
Viirs Cloud Mask
Data volume = 100GB/day

* Nightly global VIIRS NightFire

(VNF)

e  Monthly DNB cloud-free
composites

* Geoloated DNB nightly
mosaics

Email alert service for detections in
Marine Protected Areas, fishery
closures and restricted waters.

Output VNF csv and kmz files
and DNB geotiffs posted at

NCEI web site.
http://www.ngdc.noaa.gov/eog/index.html|

Output VNF csv and kmz files
and DNB geotiffs posted at
NCEI web site.

http://www.ngdc.noaa.qov/eoq/viirs/dow
nload ut mos.html
http://www.ngdc.noaa.qov/eoq/Vviirs/dow
nload monthly.html
http://www.ngdc.noaa.gov/eog/Vviirs/dow
nload_viirs_fire.html



http://www.ngdc.noaa.gov/eog/viirs/download_ut_mos.html
http://www.ngdc.noaa.gov/eog/viirs/download_ut_mos.html
http://www.ngdc.noaa.gov/eog/viirs/download_monthly.html
http://www.ngdc.noaa.gov/eog/viirs/download_monthly.html

VIIRS Boat Detection (VBD) Product

Java Sea, Indonesia September 28, 2014

* The Visible Infrared
Imaging Radiometer suite
has a unique capability to
detect lights at the earth’s
surface. This includes
heavily lit boats.

*NCEI has been working on
algorithms for reporting boat
detections since September
2014.

e Supported by the JPSS
program office and USAID.

* Files available by 06:00
local time.



VIIRS Boat Detection (VBD) Product

VIIRS day/night

:?nh(it(ial\tleB) - Boat detection
g data (points)

image data

VBD algorithms run on DNB/I5 SDR files, output points, vast data volume reduction



Area

ing

V)
Vg
0
@)
@)
S
A
O
af
=
4+
C
Q
S
S
D
O




VBD alert service example for an Indonesian MPA

Derawan Marine Conservation Area

===
1/8

UTC_Time: 2016-06-13 18:09:24
Local_Time: 2016-06-14 02:09:24
Latitude: 2.456135

Longitude: 118.069016
Color:red

Quality flag= 2 (Medium)

4===
2/8

UTC_Time: 2016-06-13 18:09:26
Local_Time: 2016-06-14 02:09:26
Latitude: 2.453358

Longitude: 118.069122
Color:red

Quality flag=1 (Strong)

4===
3/8

UTC_Time: 2016-06-13 18:09:38
Local_Time: 2016-06-14 02:09:38
Latitude: 1.574871

Longitude: 118.382790
Color:red

Quality flag=1 (Strong)

4===
4/8

UTC_Time: 2016-06-13 18:09:38
Local_Time: 2016-06-14 02:09:38
Latitude: 1.594143

Longitude: 118.392967
Color:red

Quality flag= 1 (Strong)

4===
5/8

UTC_Time: 2016-06-13 18:09:35
Local_Time: 2016-06-14 02:09:35
Latitude: 1.748697

Longitude: 118.501678
Color:red

Quality flag= 1 (Strong)

4===
6/8

UTC_Time: 2016-06-13 18:09:35
Local_Time: 2016-06-14 02:09:35
Latitude: 1.797928

Longitude: 118.544014
Color:red

Quality flag= 2 (Medium)

4===
7/8

UTC_Time: 2016-06-13 18:09:35
Local_Time: 2016-06-14 02:09:35
Latitude: 1.742041

Longitude: 118.541756

Color: red

Quality flag= 2 (Medium)

4===
1/8

UTC_Time: 2016-06-13 18:09:40
Local_Time: 2016-06-14 02:09:40
Latitude: 1.476586

Longitude: 118.796684
Color:red

Quality flag= 1 (Strong)



Annual VBD summary grids reveal
spatial patterns of fishing boat activity

Ua
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Derawan Marine Conservation Area



25 Countries Show Clusters of VIIRS Boat
Detections

e Asia: Russia, Japan, Korea, China, China Taipei,
Vietnam, Cambodia, Thailand, Myanmar, Malaysia,
Indonesia, Philippines, India

e Oceania: Australia, New Zealand, Papua New Guinea

e Europe, Middle East and Africa: Egypt, United Arab
Emirates, Iran, Oman, South Africa, Malta

e Americas: Argentina, Peru, Ecuador



Current VBD Products/Services

* Nightly VBD files for Asia and Pacific available at:
http://www.ngdc.noaa.gov/eog/viirs/download boat.

html

e Country level products are running for: Indonesia,
Philippines, Thailand-Cambodia, Vietnam, Fiji, Papua
New Guinea, Guam.

e Email alert services for:
e 86 MPAs in Indonesia
e Four seasonal fishery closures in the Philippines

e Restricted municipal waters (out 15 km from shore) in the
Philippines. Commercial fishing boats are banned from this
zone.


http://www.ngdc.noaa.gov/eog/viirs/download_boat.html
http://www.ngdc.noaa.gov/eog/viirs/download_boat.html

VIIRS Nightfire (VNF)

e A multispectral “fire product” developed by the NOAA Earth
Observation Group.

e Makes use of two near infrared (NIR), a short-wave infrared
(SWIR), two mid-wave and three long-wave infrared bands.

 The NIR and SWIR bands were designed for daytime imaging
of reflected sunlight. IR emitters can be readily identified at
night in these spectral bands.

e Daily files are in csv and kmz formats available at:
http://ngdc.noaa.gov/eog/viirs/download viirs fire.html

e Publications: http://www.mdpi.com/2072-4292/5/9/4423
http://www.mdpi.com/1996-1073/9/1/14



http://ngdc.noaa.gov/eog/viirs/download_viirs_fire.html

Basra Gas Flares, Iraq - July 17, 2012

Gas flares
are readily

C

etected in

L

ne VIIRS

M10

S

pectral

band
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VIIRS Nightfire (VNF): A global multispectral fire product
Nine channels of data are collected at night

1
8 o9

o
00

0.7
0.6
0.5
0.4

0.3
0.2

Relative Spectral Respon
o

o

DNB 7 8 10 11 12 13 “fire band” 14 15 16
| Z/Iplplroved ” I / ﬂ
- Planck curve for
| typical gas flare
J (1800 K)
0 2 4 6 8 10 12 14
Wavelength (um)

Nighttime collection of channel 11 is expected to start in 2016
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VNF Gas Flare Detection

Combustion parameters:
ID=VNF_npp_d20140426_t0B00568_e0806372_b12924_x0922946W_y196042N_I2716_s2045_y2- P I ancCc k curve
Lat=19.604204 Lon=-92 204624 deg. Time=2014/04/26 08:05:32

Temperature source=1730 deg. K Temperature background=291 deg. K f'tt M M d t
Radiant heat intensity=16.63 Wim2 Radiant heat=12.13 MW I Ing IS use (0)

Source footprint=25.96 m2

Methane equivalent=0.356 m3/s C02 equivalent=551.983 g/s e Sti m ate

Cloud state=clear Atmosphere corrected=no

IR source radiance te m pe ratu re’
Typical source size and

[ gas radiant heat.
T ﬂare #* no detection

6T * detection

BaCkground * used as constraint

dual curve model

10t

o

Wimzssrium
cn

at IR zource
background

3 .

2 .

1 -

D | 1 1

Daily files are in csv and kmz formats y



VNF Biomass Burning Detection

N

Combustion parameters:
ID=VNF_npp_d20140426_t1815286_e1821090_b12930_x1060700E_y138260M_I0804_s1065_v21

Lat=13.825994 Lon=106.070045 deg. Time=2014/04/26 18:17:32
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

Cloud state=clear Atmosphere corrected=no

IR source radiance

101

#*  no detection

* detection

* used as constraint
dual curve model

Wemassrium

IR zource

hackground

Lower
temperature
than gas flaring.
Often these
have larger
source size than
gas flares.

15



Daily VNF data are available at:
http://ngdc.noaa.gov/eog/viirs/download_viirs_fire.html|
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Current global processing typically runs with a nine hour delay. This will reduce
to a 4 hour latency when M-bands are available through GRAVITE.




Nighttime Lights Composites

e A nighttime lights composite is made to serve as a
baseline of persistent light sources.

eComposites are made as an average of the highest
quality nighttime lights imagery over desired time
period — usually monthly or annually.

e “Stable Lights” composites have ephemeral light
sources and non-light (background) areas are removed
from a composite.

*EOG group is producing current monthly cloud-free/no-
moon DNB nighttime lights composites and is doing
algorithm development to turn these in to Stable Lights
composites.



Nighttime Lights Composites
What goes in?

e Only the “highest quality” nighttime data gets averaged into a
composite

e Currently this is defined as DNB data that is:
e Cloud-free (using the VIIRS cloud-mask (VCM) product)
e Nighttime with solar zenith angles greater than 101
e Not affected by moonlight (lunar illuminance < 0.0005 lux)
e Middle of swath (DNB has increased noise at edge of scan)
e Free of lights from lightning
e Free of “lights” from South Atlantic Anomaly



Nighttime Lights Composites
(Monthly DNB Products)

Index thumbnails for nighttime light image tiles

Showing thumbnails of May 2014

Tile 1 (75N/180W) Tile 2 (75N/050W) Tile 3 (75N/0G0E)

e Monthly DNB nighttime lights
composites are available
online

e Globe is cut into 6 tiles to
reduce individual file sizes

e These products still contain
ephemeral lights and non-
lights (background).

Tile 4 (OON180W) Tile 5 (DON/0O50W) Tile & (00N/DG0E)

Last Update: 09/24/2015/15:54:01

Expand All | Contract All

L1 2015 /July

L1 2015/June

L1 2015/May

L1 2015/April

L1 2015/March

L1 2015 /February
L1 2015/January
L1 2014 /December
L1 2014 /November
_d 2014 /0ctober

http://www.ngdc.noaa.gov/eoq/Vviirs/download monthly.html|



http://www.ngdc.noaa.gov/eog/dmsp/downloadV4composites.html

VIIRS Nighttime Lights Composite — 2015/01

Excluding Stray Light Corrected Areas




VIIRS Nighttime Lights Composite — 2015/01

Including Stray Light Corrected Areas
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Questions?



Backup Slides



Superlights

Boats operating with large number of bare high intensity lights

. 60 bare
F T 3 . 1500 Watt metal
B R — halide bulbs 24 shielded

bulbs -
pointing into
the water

24



Superlights

Strings of 1500 Watt metal halide bulbs

80 bulbs
are common -
45,000 to
120,000

o
™M

Watts of bare

bulbs on
individual

boats!
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Detection Limits
At 1800 K flares as small as 0.25 m? are detectable

Temperature VS Detectable Area
1.E+05
Biomass
Burning
1.E+04 ot

1.E+03

1.E+02

1.E+01

Detectable Area (m2)
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1.E-01 | |
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VIIRS Nighttime
Lights Composite |

October 2014

Hong Kong




VIIRS Nighttime
Lights Composite

October 2014

United Arab
Emirates




VIIRS Nighttime Lights
Composite

October 2014

Nile Delta (right)
Los Angeles->San Diego (below)




Temporal Change in VIIRS Nighttime Lights Composites
Red = May 2014, Green = September 2014, Blue = October 2014

Bakken gas flares in North
Dakota, USA, are a mix of
permanent and ephemeral
sites.



Temporal Change in VIIRS Nighttime Lights Composites
Red = May 2014, Green = September 2014, Blue = October 2014

— Wildfires.in Northwest Australia

Fishing boats in Sea of Japan and
East China Sea.




Temporal Change in VIIRS Nighttime Lights Composites
Red = May 2014, Green = September 2014, Blue = October 2014

Lights in northern Iraq are present
in May 2014, and have been
greatly reduced in the September
and October 2014 composites.



NOAA Satellites and Information VVV

Mational Environmental Satellite, Data, and Information Service

NEW WEATHER SATELLITE TECHNOLOGY
maid First satellite to launch in November 2016

Curtis Seaman, Steve Miller, Jorel Torres
Colorado State University/CIRA

Don Hillger, Dan Lindsey
NOAA/NESDIS/Satellite Applications and Research



Attitude error (~16:04 UTC 25 March 2016) causes shift in
several scans relative to nominal swath
DNB image shown here (similar for all SDRs)

GIRA



This error is not as noticeable in the EDRs (NCC shown
here) because the scan edges fall outside the pre-defined
Ground Track Mercator (GTM) grid. But, it does introduce

@l RA other errors...




Monitoring Artifacts

Artifacts in the EDR due to attitude error

FILL VALUE LEGEND
VI5BO data array
16:04:10.2 UTC [ .

28 March 2016 SQUB VDNE  NAA MISS  ERR ELINT  PIXEL TRIM

ONBOARD  OMGRCGUND

Pixel deletions in an EDR!

Connecting Models and




g

Discontinuities between scans still appear in EDR
when mapped to Earth; due to attitude error
I-5 EDR shown here

Connecting Models and Observations
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Demonstrating VIIRS:
The VIIRS Imagery Team Blog

Self-nominated “Best Blog in the
World” demonstrates the wide- g g
ranging application of VIIRS . South Indian Ocean
imagery 5
Natural Color RGB shows
extensive river flooding in
Western Russia (April 2013)
True Color RGB shows “super-
smog” over India (Nov-Dec
2015)

Fire Temperature RGB shows

massive fires over Northwest
Territories, Canada (July 2014)

Day/Night Band detects dust
storm over Iraq (August 2015)

Heard Island as seen by VIIRS
Natural Color (27 October 2012)

= - i ﬂn i - © '\'(‘-_ —:. .' : ; %
et - 1 ;
s.* lRA http://rammb.cira.colostate.edu/projects/npp/blog/
{nnnrm Models and Obser -.‘.umm.




Demonstrating VIIRS at high-latitudes:
“Seeing the Light” Blog

e The “Seeing the Light: VIIRS in
the Arctic” blog is geared toward
high-latitude users of satellite
imagery

e Day/Night Band for ship tracking;
“50 Years of Victory” carries the
Olympic torch to the North Pole

e Day/Night Band for ice
monitoring; N-ICE field
experiment (Jan-Feb 2015)

e Demonstrating VIIRS for fires in
Alaska (June 2015)

e Optical ghosts caused by lower
orbiting satellites seen by the
Day/Night Band (4 May 2016)

* Massive landslide in Glacier Bay M-13 (4 0 um)
National Park, Alaska seen by :

VIIRS (June 2016)

@l RA http://rammb.cira.colostate.edu/projects/alaska/blog/
: 4 7

Connecting Models and Observations



Can you tell what is cloud and
what is snow in the True Color
RGB (M-3, M-4, M-5)?

EUMETSAT Natural Color RGB (M-
5, M-7, M-10) discriminates low
clouds from snow and ice

Variation of EUMETSAT Snow
RGB (M-11, M-10, M-7) highlights
snow in pink/red

Snow RGB from Météo France
produced upon request from UK
Met Office (M-7 through M-11)

CIRA’s Snow/Cloud Discriminator
(uses up to 11 bands) keeps snow
white and highlights low, mid and
high clouds

18:12 UTC 24 January 2016



ht

*
A

““-‘
e

* We continue to develop the Nighttime Snow/Cloud Discriminator product using the
Day/Night Band to aid snow/ice discrimination on those long Arctic winter nights

* Blending this product with the Daytime Snow/Cloud Discriminator allows for snow/ice
discrimination around-the-clock and across the terminator, extending its use

Connecting Models and Observations



* CIRA’s Geocolor product combines
True Color imagery during the day
with a low cloud/fog product at night

* The high-resolution City Lights Mask
(Chris Elvidge/Kim Baugh, NCEI) now
replaces the old OLS artificial lights
mask to improve the appearance at
night

* Example of a combined polar-geo
product that is popular with
forecasters

HO0E HIMAWARI-Z 2
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Improving DNB/NCC Display

_ N _ ~ “Raw” SDR radiance Lunar irradiance -> reflectance
The DNB is sensitive to radiance o %9 e s

values spanning 8 orders-of- o “ Qi
magnitude, which makes display of
the imagery difficult

Lunar irradiance modeling (Miller et
al. 2012) provides quantitative
reflectance calculations useful for
nighttime cloud property retrievals
(Walther et al. 2013) and improving
imagery when moonlight is available

“ERF-Dynamic Scaling” algorithm
(Seaman and Miller 2015) provides
nearly-constant contrast imagery
from DNB SDRs day and night
around the globe
» Now implemented in CSPP
and available in Alaska WFOs

ult AWIPS Scaling

NCE: Defa
et Pe

e B8,
> )

“Auto Contrast” for the Near
Constant Contrast (NCC) EDR and
DNB imagery not yet implemented in
AWIPS due to coding freeze

- 1 »
r 8 .
g ' -
. * - - W .
R " e
Connecting Models a Ihservations




n AWIPS - Fires




Fires in the DNB SDR

B ¢ Without Terrain Correction

DNB images of the Rim Fire (2013) G e » > ;
in California suffer the same I .
problem as the current NCC EDR.
This is due to a lack of terrain-
correction.

Terrain-correction was added to
GDNBO files beginning in May
2014.

Do the fires move? Or does the ground move?
Answer: Both! The NCC EDR is not terrain corrected.
This makes the ground appear to move, and impacts

@l RA the apparent motion of the fires. .

Connecting Models and Observations



‘Animation of VIIRS Natural
Color RGB images (-1, I-2, |-3)
.shQW|ng flooding advancing
alpng the S. PIatte River (2013)

The River Ice and Flooding Product (Sanmei Li, GMU)
would not be very useful if it was made with the EDRs!




 CIRA VIIRS images have been

delivered to a variety of
standard media and social
media outlets

The Weather Channel
CNN
BBC

WagTV (producer of shows
for Discovery and Science
Channel)

Washington Post/ Capital
Weather Gang

@NOAASatellites on
Twitter

And many more...

A..-“.

NEXT GENERATION SATELLITES

A
4 R 3 = OURCE: NOAA/CIRA
/3 re

T o .

vy [ ]
- et L]
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£
ik

WEATHER NEW WEATHER SATELLITE TECHNOLOGY
AR uld First satellite to launch in November 2016




= For the User Community

. An ALASKA DIRECT BH‘_!]M]CAST QUICK Bl!l[]ES
o Imagery EDR User’s Gu|de ‘VGINH The 3.74 um “Fog and Fire” Band
for all users OVERVIEW

The 3.74 pm channel is in the mid-wave portion of the infrared spectrum and has utility in identifying areas of fog
and low stratus when combined with longwave infrared imagery and also in identifying wildfires when used as a

— Guide to using VIIRS s ore e
E D RS ad nd d |ffe rences FINDING FOG WITH THE 3.74 ym CHANNEL

The three images below are from a VIIRS pass at 1128Z on September 3, 2015, over Alaska’s North Slope; a star has

H h S D R heen placed over Bamow for reference. At 11272 WSO Barmow took a SPECI observation indicating a ceiling of 300 ft
W I t S vertical visibility and ¥ mile visibility in mist. The stand-alone 3.74 pm image at top does not offer enough contrast
or detail to allow an accurate analysis of the siratus and fog. The low clouds appear much more distinet in the Day
Night Band image at middle. Note the sharp line running across the Day Night Band from the upper left to the middle

right of the image—the area northeast of this line is illuminated by daylight, and consequently a different processing
scheme must be used in that area. At botiom is the

. L4 ‘A’ traditional “fog product” highlighting the difference in
. Qu I C k G u I d e S fo r brightness temperatures beiween the 11 um longwave
IR and the 3.74 ym channel, and here the low clouds

fo re C a St e rS and fog are easier to identify.
NCC in AWIPS

— Contributed to several
GINA Quick Guides

— More to come!

The channel differencing approach (bottom image)
works because liquid water cloud droplets, even super-
cooled droplets, exhibit different emissivity at 11 pm
and 3.74 pm. Areas with large differences in brightness
temperature in this product are thus assumed to be
covered by low stratus or fog.

‘Weaknesses of the channel differencing product
include vulnerability to blockage by higher clouds
above the siratus and fog, as well as a resfriction to the
hours of darkness. Mote how the fog product at bottom
includes no data over the area covered by sunshine in
the Day Night Band. The 3.74 um channel, while stil
being in the infrared, is of a short enough wavelength
that any sunshine reflecting off of clouds overwhelms
the emissivity signal at 3.74 pm, with the result that
the channel differencing is overly noisy and unusable
during daylight hours.

ADDITIONAL REFERENCES
entry from CIRA ab 74 g vavelengths used o detect fires in Alaska: hitp:iframmb._cira.colostate edu/
ialaskal blogfindex.pl gorizedithe-land-of-10000-fires/!

dvanced Baseline Imager (4B1). ABI Band 7 is centered i bt
nds-quick-info_htmi
ska.edu | Car Dierking: ierking@alaska.edu | GIN aff: www.gina.alaska edu/people

Connecting Models and Observatior




Summary

 Many active projects at CIRA utilize VIIRS
— Imagery EDR Team efforts
— Blogs
— Near-real time imagery
— Education and Outreach
— Multi-spectral applications
— Demonstrating GOES-R capabilities
— Geocolor using DNB
— Fire Temperature RGB, Snow/Cloud Discriminator, etc.
— Day/Night Band applications
— JPSS Satellite Liaison (see Jorel Torres’ presentation)
— Training (User’s Guide, Quick Guides, etc.)
— Tropical Cyclone research (see Galina Chirokova’s presentation)

* Monitoring imagery is ongoing
— Artifacts inherited from the SDRs are rare

* For the future:
— Day/Night Band on JPSS-1 will have artifacts
— Terrain correction for the EDR geolocation
— Make EDRs from all 16 M-bands
— Make M-band EDRs more readily available

Connecting Models and Observations
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Resources

Near-realtime imagery products: JPSS Imagery and Visualization Team blog:

Suomi NPP

Please see the NPP VIRS Imagery and Visualizati

@ l ) Regional and Mesoscala
Gonpera il b Rsearchin e Mcsghers

Meteosology. Branch

@ Tropical
@ GOES-West / GOES-East

NOAA Satellites and Information V\/V

National Environmental Satellite, Data, and Information Service

& GOES-R Proving Ground

ind then on thelr new pages:

http://rammb.cira.colostate.edu/ramsdis/online/npp_viirs.asp http://rammb.cira.colostate.edu/projects/npp/blog/

High-latitude applications of VIIRS Imagery: VISIT Training Blog:

VISIT: Meteorological Interpretation Blog

s A
d NOAA Satellites and Information VVV
¥ OSCaM National Environmental Satellite, Data, and Information Service
Cocperatv Instf.te for Research in the Aimosphirs Mataoralogy. Branch -

http://rammb.cira.colostate.edu/projects/alaska/blog/ http://rammb.cira.colostate.edu/training/visit/blog/
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Mt. Logan

(6050 m MSL)

Mt. St. Elias
(5489 m MSL)

UTC




Mt. Logan
(6050 m MSL)

Mt. St. Elias
(5489 m MSL)

i

2014/01/25 21:13 UTC

20




e

* Through the use of a City Lights Mask (Chris
Elvidge/Kim Baugh, NCEI) we can better
guantify where fires were detected by the
Day/Night Band in the Ft. McMurray Fire

* A hot spot mask applied to M-13 shows where
the Day/Night Band detected light emissions
from fires that were difficult to detect in M-13

P_q\_/lof eruption

09:37 UTC 6 May 2016

* The eruption of the Pavlof volcano in Alaska
was seen by M-13

* An RGB composite using the Day/Night Band
better highlights the ash plume

13:25 UTC 28 March 2016 21



TROPICAL CYCLONE USES
OF VIIRS

GALINA CHIROKOVAL, JOHN KNAFF2, DAN LINDSEY?,
ROBERT DEMARIAL, MARK DEMARIAS, AND JACK BEVENS

(1) CIRA, COLORADO STATE UNIVERSITY, FORT COLLINS, CO
(2) NOAA/NESDIS/STAR, FORT COLLINS, CO
(3) NOAA/NWS/NATIONAL HURRICANE CENTER, MIAMI, FL

STAR JPSS
2016 Annual Science Team Meeting
@ 4 8-12 August 2016
College Park, MD

Connect ing Models and Observations




VIIRS DATA FOR TROPICAL CYCLONE
FORECASTING

» VIIRS data have multiple applications for TC analysis
and forecasting and can be critical for operational
forecasters.

» Important features:

1. Day Night Band: visible-like imagery at nighttime
2. IR, VIS: very high resolution of I-bands, including IR
window band (105, 11.45 um, 375 m resolution)

3. 3040 km swath width: no gaps between the
consecutive orbits, even at the equator



CIRA TROPICAL CYCLONES NEAR REAL
TIME STORM-CENTERED VIIRS IMAGERY

An experimental near real-time application displaying storm-
relative VIIRS DNB, visible, and IR imagery in the vicinity of TCs has
been developed and is available on RAMMB- CIRA’s TC Real Time
page: http://rammb.cira.colostate.edu/products/tc_realtime/

» 3 VIIRS products available online:
1. Alternating DNB (at night) and VIS (during day) [2 hr latency]

2. DNB imagery during both day and night [1.5 hr latency]

3. High-resolution IR window band (105, 11.45um, 375 m resolution)
[2 hr latency]

» Product description:

http://rammb.cira.colostate.edu/products/tc realtime/about.asp
3



http://rammb.cira.colostate.edu/products/tc_realtime/
http://rammb.cira.colostate.edu/products/tc_realtime/about.asp

TC USE OF HIGH-RESOLUTION IR
WINDOW AND VISIBLE CHANNELS

» High-resolution window IR 105 band.:
» 11.45 uym, 375 m resolution
» High-resolution VIS 101 band:
» 0.64 um, 375 m resolution
» Use In the algorithm for automated eye-detection
» Provide detail about the eye-structure not visible on
GOES imagery
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AUTOMATED OBJECTIVE EYE-DETECTION

W rnia - g TAFE Clzssification

g | [ Classficaion Boundary
DA
[
/ \“‘
T /1

» The hybrid (IR+ Best Track)
automated objective eye-
detection algorithm correctly
classifies about 90% of the
cases

» Best performance: when storm
is either weak (no-eye) or strong
(eye already formed)

» Worst performance: when eye

is about to form or just formed.

That time is also challenging for

human observer

The probabilistic version of the

algorithm could be used as:

» standalone application

» input to the Rapid
Intensification Index (RII)

> to forecast eye fornration



AUTOMATED OBJECTIVE EYE-DETECTION

» Further algorithm improvement: use VIIRS high-resolution
data for borderline cases

» Example: hurricane Danny, al04 2015 had a very small eye
that is visible on VIIRS imagery but hard to detect on GOES

ALO415 2015-08-21 16457

TR . GOES, Ch4, 4 km

ALO42015 b19768_ t201508211651 e201508211656, D, LST=211333

2 7 ViR, 105, 375 m.

15°N 5

14°N 14°N el %

: cleaﬂy visible

6
al042015 Major Hurricane DANNY




VIEWING THE EYE STRUCTURE

» The fine structure of the eye , such as mesovortices and the sape
of the eye-wall are clearly resolved by 105 but not necessary seen
In the GOES imagery

» The details about the eye-structure might be useful for determining

the storm intensity R
F/IS |011 375 m . i g

sh062016 TC Ula 10/01/2016 02:03UTC



TC USE OF DAY-NIGH BAND (DNB) CHANNEL

» DNB imagery primary use
» determine the presence of the eye in cases when the eye is small or is
obscured by thin cirrus and not obvious in infrared (IR) imagery
> perform center-fixing and has been used by forecast centers to refine
nighttime storm center locations
» DNB imagery can also be used to
» detect night-glow waves that occur in the stratosphere and not seen in
other imagery
» detect instantaneous lightning: lightning location could be an indication
of intensifying or weakening storm
» The DNB’s nighttime capabilities are especially important for
» weaker TCs: are less organized, have multiple circulation centers, and
are generally more difficult to locate
» sheared TCs: the low-level circulation center is exposed and/or
elongated and is hard to determine from the IR imagery or animations
of IR imagery

8



VIIRS DNB CENTER FIXING

» Low level circulation center visible only on DNB image
» Hard to see the center location from the IR image alone

AL902015 b}.8258_t201505@70708_e2@1§_05070714, N, LST=070200 AL9E]2EIlS b3.8258 t201595@7@708 201505070714, N LST= 0}'020@ B

30°N 30°N
90
|
| 60 : =
. "iér ‘
\s {J Ce no
25°N gl 25°N J‘\
» " - g -’q J
85°wW * 85°W 80°W 75°W

Invest al902015 (right before becoming Troplcal Storm ANA)



COMMENTS ON CENTER FIXING

The center is typically the starting point for intensity
estimation

Location is important for warnings and the running of
guidance

Weaker storms often have multiple centers

Storm symmetry is often poor in weaker systems making
center fixing challenging

Sheared tropical cyclones have displaced centers which
are difficult to find at night

10



VIIRS DNB CENTER FIXING

» Low level circulation center visible only on DNB image
» Hard to see the center location from the IR image alone

EPO12015 b18657 t201506041007 201506041015, N, LST=040150

EPO12015 b18657 t201506041008 e201506041014, N, LST=040150
J ‘o £ .
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VIIRS DNB CENTER FIXING

» Low level circulation center visible only on DNB image
» Hard to see the center location from the IR image alone
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VIIRS DNB CENTER FIXING

» Low level circulation center visible only on DNB image
» Hard to see the center location from the IR image alone
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VIIRS DNB EYE-DETECTION

» Eye is clearly visible on DNB image
» Eye presence is not obvious from the IR image
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VIIRS DNB EYE-DETECTION

» Banding eye is an indication of the intensifying storm
» Banding eye apparent in the night-time DNB image
» No banding indicated in the IR image alone
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VIIRS DNB EYE-DETECTION

» Concentric eye is a sign of the secondary eyewall formation; it
likely indicates the storm will not be intensifying in the short-term
(12 hours)

» Concentric eye is evident in night-time DNB image

» The concentric nature of the eye is more difficult to infer in the IR
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NIGHTGLOW WAVES

» Gravity waves observed in nightglow on DNB images
(Yue et al. 2014)
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CIRA TC-CENTERED NEAR REAL TIME
DNB AND IR IMAGERY AT THE
NATIONAL HURRICANE CENTER (NHC)

CIRA’s storm-centered VIIRS imagery has been utilized
in the NHC Proving Ground since 2015 and has shown
utility for TC analysis

In August, 2016 CIRA started providing the NAWIPS
version of the storm centered imagery to NHC via LDM
In near-real time

Two products are being sent to NHC in near-real time:

1. DNB imagery during both day and night [1.5 hr
latency]

2. VIIRS high-resolution IR windows band (105, 11.45um,
375 m resolution) [2 hr latency]

Working on producing the same imagery using direct
broadcast data to reduce latency 18
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CIRA TC-CENTERED NEAR REAL TIME
DNB AND IR IMAGERY AT THE
NATIONAL HURRICANE CENTER (NHC)

Use existing LDM feed to send data
Imagery created specifically for display in NAWIPS
DNB scaling is tuned to the storm area

Can combine together different data sources (2 DB sites, or
DB + high-latency data) to create full storm image

Small data storage requirements: NHC can keep a longer
history of real time data on line and save the data for each
storm for post-season analysis for the tropical cyclone reports

Forecasters can readily get information about when the data
Is available for each storm. That proved to be very helpful on
the 15t week of August when there were storms in both
Atlantic and East Pacific

19



CIRA TC-CENTERED NEAR REAL TIME DNB AND
105 IMAGERY AT THE NATIONAL HURRICANE
CENTER NAWIPS SYSTEM

| DNB TS Ivette 08/04/2016 10UTC | 105 TS Ivette 08/04/2016 10 UTC

» DNB and 105 images of the tropical storm Ivette, ep102016
displayed on NAWIPS at NHC on August 4th, 2016  *



DELIVERING AOML DIRECT BROADCAST
DATA TO NHC

» DNB data from the AOML DB ground station
» Combined coverage from July 11 to July 26, 2016
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Expected total latency for storm-centered imagery: 25 — 35 minutes
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DELIVERING AOML DIRECT BROADCAST DATA TO NHC

SVDNB_npp_d20160721 _t0333323 08086448 b24515
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» Nigh-time total coverage on July 21, 2016 22



SUMMARY

» VIIRS DNB and high-resolution VIS and IR window channels
show a number of features that are important for TC
analysis and forecasting and cannot be seen on other
Imagery

» The most important applications are
» Center - fixing
» Eye - detection

» CIRA storm - centered TC imagery has proven useful for
NHC and is currently delivered to NHC via LDM in NAWIPS-
ready format

» CIRA is working on providing the same imagery to NHC
from direct broadcast sites to reduce latency 23



CIRA AND VISIT RESOURCES FOR VIIRS IMAGERY

VISIT:

» VIIRS SATELLITE IMAGERY IN AWIPS.

HTTP://RAMMB.CIRA.COLOSTATE.EDU/TRAINING/VISIT/TRAINING SESSIONS/
VIIRS SATELLITE IMAGERY IN AWIPS/

> VIIRS IMAGERY INTERPRETATION OF SUPER TYPHOON VONGFONG
HTTP://RAMMB.CIRA.COLOSTATE.EDU/TRAINING/VISIT/TRAINING SESSIONS/
VIIRS IMAGERY INTERPRETATION OF SUPER TYPHOON VONGFONG

> USE OF VIIRS IMAGERY FOR TROPICAL CYCLONE FORECASTING

HTTP://RAMMB.CIRA.COLOSTATE.EDU/TRAINING/VISIT/TRAINING SESSIONS/
USE OF VIIRS IMAGERY FOR TROPICAL CYCLONE FORECASTING/

CIRA:

» SuOoMI NPP (NATIONAL POLAR-ORBITING PARTNERSHIP) VIIRS IMAGERY
AND VISUALIZATION TEAM

HTTP://RAMMB.CIRA.COLOSTATE.EDU/PROJECTS/NPP

24
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The Need for JPSS Training

Suomi-NPP (VIIRS) was launched in October 2011 and JPSS-1 that will be launched in March

2017.

Beneficial for NWS forecasters to utilize satellite data in their forecasts and daily operations.
Key for forecasters to understand how JPSS satellite products add observational value to the

forecast pProcess.

Awareness of Existing Training

Microwave Remote Sensing: Overview, 2nd Edition
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METED HOME

i

Suomi NPP: A New Generation of Environmental Monitoring ._;S}ateﬂites
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NWS Training Guidance adapted for JPSS

March 2017
Launch

>/Pre-requisites? Foundation ‘ Application

FY16 FY17 and Beyond
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Future JPSS Trainin

» JPSS-Formal Training Plan
for NWS operational meteorologists

» First Draft: January 2016
by Bill Ward and Jordan Gerth

» Combines foundational material
and applications with focus on
specialized/regional utilities.

» Ensure user awareness of the value
of polar-orbiting satellites.

Plan for a Formal Training Program
on the
Joint Polar Satellite System (JPSS) and Global Change Observation Mission (GCOM)
for
National Weather Service Operational Meteorologists

Bill Ward and Jordan Gerth
January 2016

Preface

National Weather Service (NWS) operational meteorologists have long had access to imagery
from geostationary weather satellites, and routinely use the imagery as part of their weather
analysis and forecast responsibilities. A formal training program has been established to
prepare forecasters for the Geostationary Operational Environmental Satellite R-Series (GOES-
R) so that the NWS field offices and national centers are ready to employ the improved

capabilities on “day one”. This document establishes a complementary program for the Joint
Polar Satellite System (JPSS), with the first satellite of the JPSS series launching within months
of GOES-R. In some ways, the need for formal training is more pressing for JPSS because the
predecessor Suomi National Polar-orbiting Partnership (NPP) satellite is already operational,
and providing imagery and products that will continue in the JPSS era with little change in
characteristic or quality. Unlike GOES, JPSS and other polar-orbiting satellites, such as the
Japan Aerospace Exploration Agency (JAXA) Global Change Observation Mission (GCOM),
host instruments for remote sensing in the microwave portion of the electromagnetic spectrum.
Furthermore, NOAA has made an investment in L/X-band tracking antennas to receive the
direct broadcast of NPP, JPSS, and GCOM imagery, with a number of antennas outside of the
contiguous United States to
support space-based
observations in otherwise
data sparse areas. While
these antennas collect data
for numerical weather
prediction (NWP), this
imagery and derived
products are also starting to
find users in nearby NWS
M bt field offices.

Gilmore Cresi

Convalia.

Hosaluls Monterey

Miami Left: The map shows locations
Wiy of NOAA-supported L/X-band
antennas. The planned Guam
antenna is not included. Image
source: University of Wisconsin
S S nd Engineering
Center ) Data Center




JPSS Training Overview

Foundational Satellite Run Time

Training Topic

Material to be
covered

Existing Training
Resources

Introduction to
Microwave Remote
Sensing, sounders,
review of imager.

Introducing Suomi-
NPP, JPSS, GCOM

Basic Forecast
Applications

1 hour and 20
minutes

1 hour and 20
minutes

1 hour and 20
minutes

Comparing
microwave bands to

infrared bands. Basics

of emissivity. Active
verse passive remote
sensing.

Introduction of
satellites, their
relative orbits,
Instrumentation on-
board satellites and
existing channels.

DNB, NCC, NUCAPS.
Uses of imagery.
How polar orbiting
satellites inform NWP.

Training developed

from COMET, CIRA,

CIMSS, GINA, NASA-
SPORT

Training developed

from COMET, CIRA,

CIMSS, GINA, NASA-
SPORT

Training developed

from COMET, CIRA,

CIMSS, GINA, NASA-
SPORT



Product Applications for JPSS

NUCAPS Soundings in AWIPS JPSS River Ice and Flood

Products

Produced by The COMET? Program

Chris Barnet .o Antonia Gambacorta .o

Scott Lindstrom swawss  Bill LiN@ womn,sec

Brian Motta oo Dan Nietfeld o/ wwson




Training embedded into AWIPS-II

VIIRS Near Constant Contrast
Quick Guide For Imagery Enhancement in AWIPS 2

» ‘Integrated Quick Guides in AWIPS-II’
» Collaboration with NASA SPORT

» Putin existing quick guides or new
quick guides.

» Link to Quick Guide for Imagery
Enhancement in AWIPS-II.

The NPP polar-orbiting satellite passes twice per day, once around 1:30 pm and again around 1:30 am local time.
Its VIIRS instrument has a Day/Night Band (DNB) that is very sensitive to low levels of light and provides unique
visible imagery at night. The DNB can detect a broad range of light intensities, ranging from full sunlight in the
day down to faint atmospheric glow on moonless nights (the focus here will be on the nighttime imagery). This
B-order of magnitude range in radiance spac difficult to display as an image without losing detail at

end of the radiance scale, so a product called Near Constant Contrast (N was developed in order to mitigate
enhancement issues by using a model of the sun and moon to convert the DNB radiance values into a
reflectance-like value. Doing so reduces the dynamic range from & orders of magnitude down to 3, which is
much easier to display in AWIPS and other software. But, beware! The NCC does not provide a true reflectance
value like other visible imagery or the DNB Lunar Reflectance product!

NCC “pseudo-albedo” values vary throughout the lunar cycle. The DNE
instrument is sensitive to reflected light from the sun and moon as well as
many other sources of emitted light — cities, the aurora, gas flares and
fires, lightning, nightglow and even boats! These sources may be 2-3
orders of magnitude brighter than the moon, particularly when the moon
is below the horizon when VIIRS is passing overhead. As a result, N

pseudo-albedo values can vary from -10 to 1000. Most meteorological
features of interest have pseudo-albedo values between 0 and 1.5_ Side
illumination of clouds near the terminator may result in NCC values of 2 or

the bright areas in the example at right.

AWIPS 2 scales values from
0to 1.6 by default. Many clouds
are moderately bright while
areas where there should be
bright city lights are black.
These “black” lights have values
> 16 and are a result of the
default color table, as seen in
Figure 2. Using the color table
editor, change the Colormap size
to the maximum 2048 colors.
Stretch the values between 0
and 1 by making the
point to the minimum value
(0.0), then set the red, green,
and blue bars to 0 (black). Set
the bottom arrow to a value of
1, and the red, green, and blue
values to 255 (white). Click
‘Interpolate.’ Finally set all the
WIPS5-2 screen capture showing how NCC wil display Yalues hetween 1015 white,

Dec when the moon is appro mat;h' halfway Iuminate‘d. Mote how the brightest zhis and. the. resule should ook fike

are black and the clouds are el dark - these issues can be ficed by modifying the defauit color Figure 3.

table. |Data courtesy of



ftp://rammftp.cira.colostate.edu/torres/Quick_Guide/VIIRS_NCC_Quick_Guide_Dec2015.pdf
ftp://rammftp.cira.colostate.edu/torres/Quick_Guide/VIIRS_NCC_Quick_Guide_Dec2015.pdf
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NCC Imagery - Before the fire
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NCC imagery of Ft. McMurray wildfire — 17 May at 0930 UTC
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Switch back and forth between the previous slide and this one to see the “new” light
sources — these are from actively burning areas



NCC IMAGERY OF FT. MCMURRAY WILDFIRE — 18 MAY AT 0915 UTC
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NCC: SAND FIRE, CALIFORNIA

« 274w APPVIIRS Moderate 0.7Ref 0:14 Begn Frf 08:517 22-Jul-16
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NCC: COLORADO FIRES

" s ¥ Sl

- » B RIES P iz, ek, i Lt : ;
. o T . R "T*P VHRS Modeypate 0.7Ref -0014 Begn:Saf 09:357 09=}ul- 16



Virtual Institute for Satellite
Integration Training (VISIT) Blogs

VISIT: Meteorological Interpretation Blo... 4+ New

Fort McMurray Wildfires and Near-Constant Contrast (NCC)

» http://rammb.cira.colostate.edu/training/visit/

» New VISIT Blogs:
» NCC Imagery, Colorado Fires in July

> l 9 \] u n e 2 O 1 6 - P rese n t : B e aVe r C re e k FI re y \] aC kSO n The sequence of the estimated fire perimeters can be shown through the animation below.
County, Colorado

» NUCAPS, Part One: Introduction
» NUCAPS, Part Two: Field Campaign and O FortMcMuray |

Tuesday, May___l?-;"'iOlG -as of 10:30 a.m. (ET)

Estimated fire perimeter

Observations Fire hotspot
@® In situ operations
{ | ® Oil sand mines

» Fort McMurray Wildfires and Near-Constant
Contrast (NCC) Imagery ?

» Synthetic Imagery from the NAM Alaska Nest 4 km



http://rammb.cira.colostate.edu/training/visit/

Future Goals

Quick Guides of individual bands, JPSS products in AWIPS-II.
Expand on existing training and start JPSS training.

Highlight Uniqueness of JPSS Products.

eV vV .V

Interact with the STAT team and other trainers in Boulder (early
September).

» Getready for JPSS-1 launch.

Introduction to NCC in AWIPS

VISIT Satellite Chat (18 Dec 2015)

Curtis Seaman, CIRA
Dan Lindsey, NOAA
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NRL-MRY SNPP Satellite Product
Support

Kim Richardson?!, Richard Bankert!,
Steve Miller?, Arunas Kuciauskas?,
Mindy Surratt?

1 Naval Research Laboratory
2 CIRA



U.S.NAVAL

RESEARCH Current Satellite Suite

Sensor Suite: Total Sensors: 39

Polar Orbiting Sensors: 34

IR/Vis Imagers: NOAA
METOP
DMSP
NASA
NOAA

Microwave Imagers: DMSP
NASA
NRL

Micro Sounders: N[OAV-
METOP

Microwave Radar: NASA
Foreign

- AVHRR (4)
- AVHRR (2)
- OLS (4)

- MODIS (2)
- VIIRS

SSM/I, SSMIS (3)
AMSR2, GMI
WindSat

AMSU (2), MHS (2), ATMS
AMSU (2)

GPM, CloudSat
ASCAT (2), ScatSat

Collaborations: FNMOC, 557WW, NASA, NOAA, CIRA

2
S 23 . 1

Geo Sensors

5




LE\E}cE‘?”Q‘%JSateIIite Meteorological Applications

NexSat TCWeb

Privacy Policy  Disclainser NRL Tr{)pica[ Cyclnne Page Develspmest Team

2014 Season Storms
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e Over 100k images per day

e 3M+ kml per day

e Digital data products including rain
rates, cloud types, etc.

e Used by NWS, NHC, JTWC, etc.




LH%E‘Q‘F@L Current IR/Vis Arctic Imagery
Support

LABORATORY

* Imagery available in 1-3 hours.

e Currently includes VIIRS, MODIS,
and AVHRR data for six Antarctic
and five Arctic sectors.

e Products include: e L
e \/isible ; o g Ry e =k
e Infrared oz
e True-Color
 Day/Night Band

IR/Vis RGB




LS NavaL Arctic Imagery Support

LABORATORY

NPP VIIRS Near-Constant-Contrast 2016/06/12 09:33:037
NRL-Monterey
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LS NavaL Arctic Imagery Support

LABORATORY

NPP VIIRS Visible 2016/06/03 09:01:28Z NRL-Monterey AQUA MODIS Visible 2016/06/03 07:40:00Z NRL-Monterey
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LS NAVA JTroplcaI cyclone suppor
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NPP VIIRS Visible 2016/02/12 01:45:57Z NRL-Monterey 02/12/16 0000z 11P WINSTOR
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U.S.NAVAL

Researcil Tropical cyclone support

NPP VIIRS Near-Constant-Contrast 2016/02/25 13:54:07Z NRL-Monterey
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usnavar | Dust product support
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NPP VIIRS Dust-Bluelight 2016/06/13 08:57:08Z NRL-Monterey NPP VIIRS Visible 2016/06/13 08:57:08Z NRL-Monterey
51°E 54°E 57°E 51°E 54°E 57°E




u.s.NAVAkJ Dust product support
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LABORATORY

NPP VIIRS True-Color 2016/06/13 08:57:08Z NRL-Monterey
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Nighttime Imaging
Day/Night Band
Broadband NIR/Vis channel with high gain
Successor to DMSP Night-Visible channel

Nighttime (Full Moon)

. Full moon

Satellite i

Aurora

Thin cloud Ll

Lightning Gas flare
- Fishing boat Volcano
¥ e Dim lights




Lunar Model Impact

Lunar model is used to
produce a form of
near constant contrast
(NCC) imagery.

Not applicable to the

day/night terminator

where solar signal is
present.

Moon phase: 80%

Quantitative visible reflectance values: many applications



DNB Sees through Thin Clouds

The Northern Passage

T

Lunar illumination
passes through thin
cirrus and reflects off
sea ice below

CIRA "


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=6C5cebwt0dvYoM&tbnid=XJBNL6W-hwMyAM:&ved=&url=http://www.alaskaberingseacrabbers.org/article.php?article=1&ei=gDtqUf3tN6GYyAHMl4CIBg&bvm=bv.45175338,d.aWc&psig=AFQjCNF_6WkUz3v5TzSIRS179ONtgzt1kA&ust=1366002945223993

Nighttime Sea Ice Monitoring

11/27 - 12/04, Lunar cycle > 3/4

NPP VIIRS Lunar-Ref-IR 2012/12/04 13:11:51Z NRL-Monterey
180° 175°W 170°W 165°W 160°W 155°W

= T F
Y i 4 ; S ] ¥

Alaska

175"W 170°W 165°W 160°W

155°W
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|_LRJS.NAVAL Summary

ESEARC
LABORATORY

e NRL Monterey currently provides IR/Vis imagery
in multiple global regions from multiple sensors.

e Can create new areas of interest in minutes for
support purposes.

e Able to provide imagery in near real-time (1-3
hours).

e DNB may provides useful new information in
many support product regions.

16



Questions
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CIMSS support of Imagery EDR team

William Straka 1111

Tommy Jasmin?!, Bob Carp?', Dan Lindsey?, Steve Miller3, Don Hillger?

1Cooperative Institute for Meteorological Satellite Studies, Space Science and Engineering Center,
University of Wisconsin-Madison
2NOAA, RAMMB
3Cooperative Institute for Research in the Atmosphere, Colorado State University
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e Overview of McIDAS-V
e Examples

e McIDAS-V summary

e Other work

2016 JPSS Annual Science Meeting 2
8-12 August, 2016



What 1S MCIDAS-V

MCcIDAS-X = VIisAD + IDV + HYDRA =

* Integration of Geophysical Data
 Remote and Local Data Access
* Powerful Analysis Tools__

« 3D Visualization &
e Ease of Re-projection




Key Aspects of. MCIDAS-V.

Built on top an extensible framework for adapting new sources of data
(format and type, local or remote), user interface components and for
creating novel displays and analysis techniques

Developed in the Java programming language — object oriented, write
once run anywhere, very portable

Persistence mechanism (bundles) for saving and sharing interesting
displays/analysis with other McIDAS-V users

Python based user defined computation
Open source, freely available, community driven software

Is able to easily load and manipulate Suomi NPP (Block 1 and 2) and
JPSS-1 simulated Block 2 data without any special readers

2016 JPSS Annual Science Meeting
8-12 August, 2016



SUOMINEP

 S-NPP observes the Earth’s surface twice every
24-hour day, once in daylight and once at night.

e |t has 5 instruments which retrieve data regarding
the atmosphere, land and ocean

— VIIRS
— CERES
— CrlS
— ATMS
— OMPS

2016 JPSS Annual Science Meeting 5
8-12 August, 2016



"\ Advanced lechnology.Microwave Sounder o ®

(ATMS)

22 microwave channels, combining all the channels of the preceding
AMSU-A1, AMSU-A2, and AMSU-B sensors into a single package

Provides sounding observations needed to retrieve profiles of atmospheric
temperature and moisture for forecasting models and continuity for
climate monitoring purposes.

anon MclDAS-V

File Edit Display Tools History Bundles Window Test Help

1 untitled = ]

|
_ ) Legend Cal
4)|40)| | Th | bb) | @D EEMaps

& @ Default Background Maps 4 &
North & Central America

World Political Boundaries

World Coastlines

=] E Imagery
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View Projections

Panel 1

L L L A

1525 289.2

LR

¥ e

ATMS Band 1
23.8 GHz

|Mem0w: 163/241/2044 MB ‘Lalilude: 36.3 Longitude: 43.8 Altitude: -1588.3 m




Cross=trackiinirared:;sounder

(CrlS)

e 1,305 infrared spectral channels
e Designed to provide high vertical resolution information on

the atmosphere's structure of temperature and water vapor.

CriS Brightness Tompreratures 07-06-2016 17:30:002



Visiblerniraredimaging:Radiometerssuites /. @

y > W

(V”RS) CIMSS

e Has 22 channels at three different resolutions

— 16 Moderate Band (M-Band) channels (~750 m at
nadir)

— 5 high resolution (I-Band) channels (~¥375 m at
nadir)

— Day Night Band (~750 m at nadir)

e M and | band data encompass data from 412
nmto 12 um

e Used to produce Level 2 products



Lay Night:Band

e The DNB measures visible radiances from both the Earth and atmosphere
* Wavelength of 0.7 um, 742m x 742m pixel size

e Receives visible data from via reflection and emission sources (natural and
anthropogenic)

e Stray light fix implemented August 21, 2013

Thick cloud raw
g Thin cloud Snow cover

Smoke g L - 7 -
; Lightning Gas flare

Fire City £ -.® o Fishing boat

‘©The GOMET Program

Aurora
e
Lightning » Gas flare

Volcano

Fire’~ City -8 .-.5-5’ e Fishingl boat

Figure 1 from Lee et al (2005)

2013 EUMETSAT I\/Ieteodrological Satellite Conference
16-20 September 2013, Vienna, Austria

Dim lights

EThe COMET Program 9



ongariroy(New Zealand) @

b~ iy

AUGUSt6, 2012 =12527

NASA Image of the Day

http://earthobservatory.nasa.gov/NaturalHazards/view.php?id=78791



VIIRS\(AL; 3:9pm and IDNE) ol
0733 ,JUI CIMSS

VIIRS 2012-07-15'07:34:38 UTC — DNB

2016 JPSS Annual Science Meeting
8-12 August, 2016




VIIRSIChannelibifierencing ‘{y_;‘
DNBISrayiligntexample

CIMSS

2016 JPSS Annual Science Meeting
8-12 August, 2016



VALIRES) S1P)

Anclllary.dats

800 McIDAS-Y
File Edit Display Tools History Bundles Window Test Help
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N ViSiplesinfraredAmagingiRadiometerssSuites 7o @

y > W

VIIRS)EDR

e There are a series of 20 Environmental Data
Records (EDRs) produced from VIIRS

 McIDAS-V has been able to successfully ingest
all EDRs including NDE Enterprise output

 McIDAS-V can unpack and display bit level
data.

— Ex. Displaying VCM test results

14



= 3\ VIIRSIDNB and/Surface temperature EDR Zoa)
367,209/29/20

VIIRS 2012-09-29 22:33:39 UTC - VIIRS Surface Temperature

* Lake Victoria




Product EDRVariable selection
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Product EDR Data Probe

0o McIDAS-V

File Edit Display Tools History Bundles Window Test Help
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VIIRS — Near Constant Contrast
NOAA/NASA CIMSS/SSEC July 23 2016, 1022Z (03:22 PST)

2016 JPSS Annual Science Meeting
8-12 August, 2016




SENPPISpeciiiCIMCIDAS=V LI Updatess & %

CIMSS

 Expanded granule concatenation for SDRs and
EDRs

e Support for both NASA and NOAA L1b formats

— Needed due to the move of the APEATE to NASA
SIPS

19




OTHER CIMSS SDR/EDR
SUPPORT

2016 JPSS Annual Science Meeting 20
8-12 August, 2016



NOAA/NASA CIMSS/SSEC

Disaster monitoring ®

o
. >
Fires and Smoke support b
- o Oil sands
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N Disaster monitoring
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e Comparisons of DNB observations with
ground based observations

— Palomar Observatory
— Amateur airglow photography (US and China)
— Ground based low-light cameras (US and China)
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Jexas hunderstorm Al

CIMSS

Eastward View from Ldmy, NM over Texas Panhandle

Courtesy: T. Ashcraft and W. Lyons




@ther activities

* Observations of other interesting phenomena
— Unexplained streaking in DNB

— Aurora

— search for marine bioluminescent sources in
Southwest Asia and Indonesia

e Participation in ongoing Cal/Val Team
discussions, TIMs, and support studies
concerning DNB data quality on J1 and

beyond.
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Cloud Session
Introduction

Andrew Heidinger
NOAA/NESDIS/STAR
Cloud Team Lead
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3 Cal/Val Team Members

Andrew Heidinger NOAA/NESDIS/STAR Yue Li, Denis Cloud Mask, Cloud Height and CCL
Botambekov and Tom
Kopp (AERO)

Michael Pavolonis NOAA/NESDIS/STAR Corey Calvert (CIMSS) Cloud Phase/Type

Steve Miller CIRA Dan Lindsey, Yoo- Cloud Base and CCL

Jeong Noh, Curtis
Seaman, John Forsythe

Andi Walther CIMSS Sam Tushaus Daytime Optical Properties, Precipitation
(RR)

Pat Heck/ Pat Minnis NASA LaRC Nighttime Optical Properties

Mike Foster CIMSS Denis Botambekov, Jay  Long-term Monitoring / Reprocessing
Hoffman

Bob Holz SSEC Greg Quinn Validation Tools

Ping Yang Texas A&M Cloud particle scattering models.

William Straka and ASSIST Algorithm implementation into SAPF and

Ruiyue Chen verification of implementation
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3 Cloud Product Enterprise Status

 All algorithms updated in April 2016.
» ASSIST provided multiple days of global output. Report generated.

» Algorithms and ATBD updates delivered to ASSIST on August, 2016 for
January 2017 update.

« Updates included
— ECM
 includes a thin cirrus flag as requested
« 3.75 micron test revised and table updated (tbd)

— ACHA updated with improved
* microphysical model
e ocean inversion calculation
o latitudinal variation in cirrus property first guess

« CSPP Leo / CLAVR-x updated with Enterprise algorithms delivered to
ASSIST.
— International user base is growing steadily

STAR JPSS Annual Science Team Meeting, 8-12 August 2016



3 CSPP LEO / CLAVR-x Providing NOAA Enterprise Clouds to DB

The NOAA Enterprise Cloud
Algorithms are distributed through
UW/SSEC CSPP LEO.

CHUEMPCKMIA LIEHTP

CSPP LEO runs NESDIS CLAVR-X.

npoenian Nawfepra
Mpockiis: Pagkoyronesan koueckan npoeruw Nlawbepta
B4

Provided good feedback for VIIRS Cicuimat b onors 00000

Cueugesive 1o wipate; 0.0000
Lentpansssi uepngean: 77.6212

Enterprise cloud products before Craaapan ragannan. 166 6804

CrasnapTHan napannens 2 43 0524
Mickonuan wipota: 54,8164

operational in NDE this fall. e
Roughly 50 downloads

Active communication with a Russian
Remote Sensing Company that sells
services to the Russian Weather
Agency.

Goal is to release updates in step
with our deliveries to SAPF. (ahead
of operations but in-sync with
ASSIST)

CSPP LEO supports VIIRS DNB L e R
usage. We hope to transition this to B
SAPF.

MounTam KocMHUECKHX n3o0pamennil.
Bricora odnaunoctu,

Example CSPP LEO CLAVR-x image
provided by Russian CSPP customer
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3 Enterprise Cloud Algorithms Compared to Others

e The Enterprise cloud Taylor Plot of AHI CTH Comparisons
algorithms generated by the
ASSIST were included in a
recent algorithm
intercomparison conducted by
the International Cloud Working
Group (ICWG).

e Data was for HIMAWARI/AHI
but code was EXACTLY the
same as delivered to ASSIST
in April 2016.

e The cloud height comparisons
are shown here.

e The comparison on the right
shows each agency’s data
compared to NASA/CALIPSO.

e Data labelled NO re the
Enterprise results (L)

e Data are stratified into single-
thick, single thin and multilayer.

e Enterprise does relatively well
in all 3 stratifications.

e ICWG is developing an
analogous leo analysis for 1.0

VIIRS. 0,0 0.2 0.4 0.6 0.8 1,0 1,2
Stanclad Deviation

perfect result

»IJ +LARC AKM NCSHE OlEM

Single Thin
Single Thick

B % & &5 & W0

=S 0 e e £ =
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NOAA

... RISk Reduction Status

With support from JPSS-RR, the ECM is fully capable of using and benefiting from
the VIIRS DNB coupled with the CIRA lunar model.

The lunar analog of the daytime cloud optical and microphysical properties
(DCOMP) is also ready for transition (when time is right).

VIIRS cloud product rain rate also being developed for use in solar or lunar
illumination. Provides a complement to the ATMS precip

RR also funded the fusion of VIIRS and CrIS to provide MODIS-like IR channels.
Algorithms being modified to make use of these data.

An enhanced Cloud Cover Layers (eCCL) from VIIRS is also being developed to
meet the requirements from NWS. Fusion of VIIRS and CrIS also helps this.

It is time to extend the PATMOS-x AVHRR record onto VIIRS. Reprocessing over
limited domains has shown this to be feasible. PATMOS-x VIIRS would expose the
existing PATMOS-x AVHRR/GOES community to VIIRS. (not a RR proposal)

STAR JPSS Annual Science Team Meeting, 8-12 August 2016



NOAA

. Current Issues

ECM Performance in SAPF lags behind the same code implemented in CLAVR-x.
— ASSIST has found some potential causes.
— We hope tuning will solve this.

ECM and other cloud products show “blockiness” due to lack of smoothing of
ancillary data.
— SAPF has the ability but the impact of smoothed NWP ancillary data on all
algorithms is being assessed by ASSIST.

ECM is still not tuned on SAPF output.

— ASSIST has provided the ability to dump-out all ECM input from the
Framework so that Cloud Team may train against it. Until now, we have had to
use CLAVR-x.

— Running the SAPF over the amount of data needed is still a challenge.

The gfortran 4.4.7 restriction from OSPO limits the implementation of some known
improvements into the SAPF.

The M5 and M7 calibration errors do limit our ability to meet spec in several
products.

STAR JPSS Annual Science Team Meeting, 8-12 August 2016



:) Introduction to Cloud Talks

1110 - 1130 Impact of VIIRS Enterprise Cloud Products for NWP (Heidinger)
1130 - 1150 The Newly Operational VIIRS Cloud Base and CCL (Noh)

1150 - 1300 Lunch

1350 - 1410 Enterprise Cloud Mask Status (Kopp)

1410 - 1430 JPSS Hydrological Initiative Activities  (Forsythe)

STAR JPSS Annual Science Team Meeting, 8-12 August 2016 8



Use of VIIRS Cloud
Products For NWP

Andrew Heidinger
Yue Li, Steve Wanzong

JPSS Cloud Team
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JPSS Motivation

There are several ways in which VIIRS Enterprise Cloud Products can influence NWP.

e VIIRS Cloud Heights and Cloud Detections will be used to assist in the identification
of clear CrlS pixels.

e VIIRS Cloud Heights are used in the NESDIS Polar Winds Product which is used by
NWP.

We placing high priority in characterizing and improving the JPSS Enterprise Cloud
Products for these applications.

This talk will demonstrate our work in this area.

STAR JPSS Annual Science Team Meeting, 8-12 August 2016



VIIRS Cloud Properties for CrlS Cloud
Clearing
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:) VIIRS Cloud Products for CrIS Cloud Detection

e Currently, NESDIS creates a BUFR that provide the following information from VIIRS within
each CrlS Field of View (FOV)

e The maximum VIIRS Cloud Height
* The cloud fraction from all VIIRS pixels within the CrIS FOV

« Starting in November 2016, the NOAA Enterprise products from the ACHA and ECM
algorithms will be ingested into that Buffer File.

« Jim Jung and Andrew Collard are leading the effort to explore how to use this information
for improving the detection of clear CrIS field of views.

 The JPSS cloud team is trying to ensure that VIIRS cloud products are of sufficient
accuracy for this application. Here we demonstrate a relevant analysis.

STAR JPSS Annual Science Team Meeting, 8-12 August 2016



:) Basic Idea of How VIIRS Cloud Properties Could Be Used.

* IR channels in absorbing bands are not
influenced by features below the level
where their weighting functions approach
Zero.

» Cloud heights can be used to flag clouds
that should be visible or invisible with CrIS
observation.

e The maximum cloud height in CrlS FOVs
can be used as conservative estimate of
cloud vertical extent.

» Actually logic for the use of this information
IS being developed by Jim Jung and
NCEP.

opaque limit for clear sky

 This analysis is just to see if the VIIRS
cloud products support this basic
approach.

STAR JPSS Annual Science Team Meeting, 8-12 August 2016



:) Examples of Using VIIRS Cloud Products for CrIS Cloud Detection

» SSEC has developed tools to map VIIRS into CrlS FOVs and vice versa. These tools create MODIS
IR channels from the CrIS spectra.

 We have implemented these tools into CLAVR-x and are expanding the Enterprise Algorithms to use
VIIRS and CrIS data (funded by JPSS -RR)

* This gives us the chance to experiment with the use of Enterprise Cloud Properties for detecting clear
CrlS pixels' ; lavroJFF. i m_d20150103 4221217 _e222015_c201 60802131645 levelZ.hdf

clavr IFF_npp_viirs_swn_d201 50103 1221217 _e222015_c20160802131645 clavr JFF_npp_viira_mvm_d20150103_1221217_e222015_c201 60802131645 Javel2. hdf

VIIRS 11 micron BT

CrlS 11 micron BT mapped to VIIRS

False Celor Image termp_11_Qum_nom
B . temp—11_0um_nom._sounder
Red=0.65um, Green = 0.86um, Blue = 11um (reversed) — T T —

200.00 2720.00 240.00 260.00 280.00 300.¢

200.00 220.00 240,00 260,00 280.00 300.C*
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:) Cloud Mask Result (cloud fraction is mapped into CrIS FOVSs.

clavr: IFF_npp_viirs_sym_d20 153103422121 7_e222015_c201 60802131 £45. | avel2.hdf clavr: IFF_npp_viirs_svm_d20153 1034221217 _e222015_c201 B0EQ 2131 £45 level 2. hdf

...................................................................

...............................................................................................

cloud_mask

11 pm Brightness Temperature (K) I 202 2maaa
| : : - TS Clear Clear Frob. Frob. Cloudy Unknown

=00 240 280 320 Water Land Claar Cloudy
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D VIIRS Cloud Height (Maximum value in CrIS FOV is used)

clavr: IFF_npp_viirs_sym_d20 153103422121 7_e222015_c201 60802131 £45. | avel2.hdf clavrx IFF_npp_viirs_svm_d201530103 422121 7_e22201 5_c201 BOEO 2131645 | evel2.hdf

...............................................................................................

11 wm Brightness Temperature (K)

204 240 280 320 7 B
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D Validating the use of VIIRS Cloud Products for CrIS Cloud Detection

clavr: IFF_npp_viirs_svm_d2 0183103422121 7_e22201 5_c201 08021 31645, |avel 2.hdf clavrx IFF_npp_viirs_svm_d201530103 422121 7_e22201 5_c201 BOEO 2131645 | evel2.hdf

............................................

...................................................................................

...............................................................................................

CrlS 6.7 micron BT mapped to YIRS Clear—sky &.7 BT
200,00 214,00 223,00 242,00 206,00 270.00 200,00 214,00 223,00 242,00 236,00 270,00
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Resulting Cloud Mask for 6.7 micron channel.

Cloud Fraction for 6.7 micr-on channel

STAR JPSS Annual Science Team Meeting, 8-12 August 2016 10



:) Results

Our analysis shows that VIIRS cloud
heights and cloud fractions are
effective cloud screens for CrlS.

This example shows that cloud
heights coupled with the CrIS
weighting functions can detect clouds
that are invisible and reclassify them
as clear.

The resulting clear distribution
matches that from the full cloud mask
(ECM) but has many more points due
to the recovery of CrIS FOVs with
low clouds.

FRelative Freguency

Clear-sky 6.7 radiance distribution using Cloud Height and RTM matches

quality of direct use of ECM but provides many more pixels.

.5 SR rrr T L e e —————— E
- Mo Claud Screen E
| - - - - ECM :

0.4 g Claud Height + Clear—Sky Tronsmission =

0.3F :

0.2 F :

0.1F E

0.0t o g

Bias in CrlS 6.7 um B.T { Obs — Model)
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Cloud Heights for Polar Winds

STAR JPSS Annual Science Team Meeting, 8-12 August 2016
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:) What is Special about the Poles

e Large inversions are common which span from the surface to 2-4
km.

o Water clouds appear at much colder temperatures than at other
latitudes and this makes IR cloud phase detection more challenging.

* Cloud detection is also a challenge. Clouds can be warmer than the
surface and terminator conditions are prevalent at times.

« RTM accuracy Is lower.

STAR JPSS Annual Science Team Meeting, 8-12 August 2016 13



Impact on Polar Winds

 lliana Genkova (IMSG/NCEP@CIMSS) has
found biases in the VIIRS Polar Winds.

O-B Bias of USED AMVs in the control and experiment,
and polar winds in experiment
o

200 | ‘::-%_ R
« These biases are likely due to biases in <L__\7?G£;L_-J—#““
the cloud height. s00 | \ 7
|II |r"
« NESDIS Polar Winds code is an older B oeoor HI/
version of the Enterprise Algorithms that '.j
uses some aspects of the IDPS products. T \l
e —CTL
i ——EXP
« MODIS and AVHRR Polar Winds use a I
heritage system (WINDCO) . 1 l | __~YHRR
-1 0.5 u 0.5 1 1.5
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Pressure

VIIRS Height Issues

* Analysis by lliana Genkova (EMC/IMSG) has indicated that the “Enterprise” heights

distributions have higher clouds. 2 months of data shown (September and October)

* VIIRS results shows peaks at 300 — 400 hPa
 MODIS results don’t show these peaks.
Do we see this in the new Enterprise Data?

VIIRS MODIS

100 HEs 100 "MODIS

200 t ", . 200 -

300 ‘t-:' B ;I' : 300 ;;% h

400 | E. ' 400 m | "

soop " 500 ‘_“ V1

soo| goof N |
: B

w0 % 700 | e

800 | ﬂ goof " E:'.__'_é g% '

goof o« = =

£ = =
%0 50 0 19%0a 50 0 50 100
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SAPF Enterprise Cloud Height Results October 2014

» Comparison of Latitude and Pressure distribution cloud top retrievals for October 2014
« We don'’t see the over-estimation of Arctic Heights for this day.

 We have limited SAPF output in the September-October period with CALIPSO matches.

e CALIPSO does not observe poleward of 80 degrees.
« CALIPSO = NASA spaceborne lidar
« ACHA = AWG Cloud Height Algorithm

CaLIPEa

-
En
Relative Censity
Fragaura (hPa)

]
|

Latiude

STAR JPSS Annual Science Team Meeting, 8-12 August 2016

!

o
Relative Density

E

16



s, SAPF Enterprise Cloud Height Results January 2015

Comparison of Latitude and Pressure distribution cloud top retrievals for January 3, 2015

CalLIP=0

Prasaura {hPa)

Prazaura {hPa)

1200

{1 =1 [ i
Latitude Latitude
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JRSS Collaboration with NOAA/CIMSS Polar AMV Team

GOES-R AMV Software is operational at STAR with VIIRS. MODIS and AVHRR transition is ongoing.
DB Sites (McMurdo, Sodankyla, Fairbanks, Barrow, and Rothera) continue to use the C version of

WINDCO software for AMV production.
Cloud products are also in demand from the DB sites.

Collaboration Plan
— Run CSPP for cloud products at DB sites.
— Run GOES-R AMV software, using CSPP data as input.
— Distribute new products to AMV/NWP community.

Cloud Team will develop test cases to test impacts on
Polar Winds for future updates.

STAR JPSS Annual Science Team Meeting, 8-12 August 2016
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:) Conclusions

e \We are placing a high priority in ensuring Enterprise Cloud
Products meet the needs of these two applications.

« \We are optimistic that the Enterprise code going operational in the
fall does not show the issues seen with the current products

« \We will will run our own Polar Winds test cases soon to dig
deeper Into this.

* We look forward to working with NCEP on the use of VIIRS
products mapped into CrlS FOVSs.

STAR JPSS Annual Science Team Meeting, 8-12 August 2016
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D VIIRS I-Bands — An Area of Growth for Enterprise Cloud Algorithms

Cloud features can be spatially finer than
the VIIRS M-bands.

The VIIRS I-bands over AVHRR-like
capability at 375m.

Since the Enterprise cloud algorithms are
meant to process all data, they function
on the VIIRS I-bands.

CLAVR-x modified to do this but SAPF
does already support I-bands.

Example on right shows an example of
DCOMP Cloud Optical Depth.

Why is this important?

Better resolution of cloud top
microphysics in convective storms.
Better characterization of CrlIS pixels
Better capture of small scale precip
Better treatment of surface radiation
gradients (solar energy).

70,00

52.50

35.00

17.50

0.00

F0.00

G240

35,00

17.50

0.00

Cloud Optical Thickness

d—BEand
7 AR F0.40

800 ! N s 1200

480 35.00

200 i el A 17.50 400 5

I.I 1
A

0.00 i L i
a 1000 2000 Z000 4000 5000 G000

|—Band

F0.00

G240

35,00

17.50

0.00

STAR JPSS Annual Science Team Meeting, 8-12 August 2016

20



D CSPP LEO / CLAVR-x Providing NOAA Enterprise Clouds to DB

GEAEPAITBHAA CIYABA 1O FTHAPOMETEOPOIOIHHA H MOHHTOPHHTY OKPYIKAIOULEA CPE/LBI
@I'BY "HAYUHO-UCCNENOBATENBCKHH LIEHTP KOQMH‘IECKD“ FHAPOMETEOPOIOTHH "TUTAHETA"
CHEWUPCKHH LIEHTP

 The NOAA Enterprise Cloud Algorithms are
distributed through UW/SSEC CSPP LEO.

KoopowwaTHan croTewa: PasHoyTonsHan koHnHeckan npoeuws Nawiepra
Mpaerurn. PRERIYTONLKAR KONWAOCKER NpoeRuWa Nawiepra

e CSPP LEO runs NESDIS CLAVR-x. %a“?‘:ﬂw:ﬁi;ﬂm“&!’s NORH
LIBHTpanEHEs wepnaman: 778212

4] 550 1100
1 1 I 1 1 1 Il [
KRICWETP

2 200
CTasJaPTHAR NAPANNEns 1° 66 5804 1
CrasaapTHas napannent 2- 43.0524

* Provided good feedback for VIIRS st o
Enterprise cloud products before
operational in NDE this fall.

* Roughly 50 downloads

» Active communication with a Russian
Remote Sensing Company that sells
services to the Russian Weather Agency.

» Goalis to release updates in step with our
deliveries to SAPF. (ahead of operations
but in-sync with ASSIST)

e CSPP LEO supports VIIRS DNB usage. 4
We hope to transition this to SAPF. :
T L ATAETA ?
Paceus, £30090, & Howoctipek - . T 2
. va. R‘ﬂ_u_rw:a‘l_,. :!:-m OHTHH KOCMHYCCKHX W30 HCHHH, 1
Example CSPP LEO CLAVR-x image s (38013333307 Bricota 00nauHOCTH. MO1,08.08.2016 1, 12:34 GMT
. . Femail- aeni@epod MO1, 08.08.2016 1., 14:11 GMT KM
provided by Russian CSPP customer gt MO1, 08 08 2016 1. 1550 GMT
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NOAA

... Cloud Effective Radius
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THE NEWLY
OPERATIONAL VIIRS
CLOUD BASE AND CCL
(CLOUD COVER/LAYERS)

Yoo-Jeong Noh
(CIRA/Colorado State University)

with
Steve Miller, John Forsythe, Curtis Seaman (CIRA)
Dan Lindsey, Andy Heidinger (NOAA/StAR),
and Yue Li (CIMSS)
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3 Introduction

 Knowledge of Cloud Base Height (CBH) is critical to describing
cloud radiative feedbacks in numerical models and is of practical
significance to aviation communities.

e We developed a new CBH algorithm constrained by Cloud Top
Height (CTH) and Cloud Water Path (CWP) using a statistical
analysis of A-Train satellite data. It includes an extinction-based
method for thin cirrus.

 The cloud base information is a key parameter for an improved
Cloud Cover/Layers (CCL) product for lower clouds.

e The CBH product has been applied to Suomi-NPP VIIRS and
intensively evaluated against CloudSat data. The results showed
the new algorithm yields significantly improved performance
over the original VIIRS IDPS CBH algorithm.

STAR JPSS Annual Science Team Meeting, 8-12 August 2016



JP$S Enterprise CBH Algorithm

Enterprise Cloud Base (Uppermost Layer)

Cloud Top Height
Approp"ate CIRA * Extinction method for
cloud geometric thin cirrus (COT < 1)
Cloud Water Path thickness (AZ) * CBH=CCL_NWP for
. deep convective cloud
* CWP using COT and EPS regression .
from DCOMP or NLCOMP -
+ CWP from NWP as :
supplementary data -
|
CBH retrieval -
|
Forimprovement | [ retrieva rrnne
of the CCL product CBH=CTH-AZ

The first version of the CBH algorithm and ATBD was delivered to the STAR
Algorithm Implementation Team in February 2016. The CIRA and CIMSS
team is now evaluating the operational test output.

Seaman, C. J., Y. J. Noh, S. D. Miller, A. K. Heidinger, and D. T. Lindsey, 2016: Cloud Base Height Estimation
from VIIRS. Part I: Operational algorithm validation against CloudSat. J. Atmos. Ocean. Tech., submitted.
Noh, Y. J., J. M. Forsythe, S. D. Miller, C. J. Seaman, Y. Li, A. K. Heidinger, D. T. Lindsey, M. Rogers, and P.
Partain, 2016: Cloud Base Height Estimation from VIIRS. Part Il: Development of a statistical cloud base
height retrieval algorithm using A-Train satellite data. J. Atmos. Ocean. Tech., submitted.
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3 Product Overview and Status

e Performance Summary

2 km 0.4 km 1.6 km

(from 5-month matchup comparisons between VIIRS CBH and CloudSat observations)

 The Enterprise CBH algorithm code has been delivered to the
STAR Algorithm Implementation Team, now being tested in the
operational frame.
e New work in progress
v Combine CloudSat and CALIPSO for more robust validation.
v’ Assess the nighttime performance using ground-based measurements.

v Improve CCL products using the cloud base information.

v Additional algorithm refinements: adopt an adiabatic model for low
marine boundary layer clouds.

STAR JPSS Annual Science Team Meeting, 8-12 August 2016 4



3 Matching VIIRS with CloudSat

\“\’§S-NPP
1353 UTC on 26 Sept 2013 VIIRS CBH [km] with A-Train overpass track

S-NPP VIIRS True Color image from 1334-1812 UTC on 26 Sept 2013
CloudSat CPR reflectivity e e ————— e ———
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e The CBH product has been applied to Suomi-NPP VIIRS and intensively evaluated
against CloudSat data.

e CloudSat-VIIRS overlap for ~4.5 hours every 2-3 days (8-9 matchups per month)
e Due to battery issues, CloudSat only operates on the daytime side of the Earth
e Use only the closest VIIRS pixels that overlap CloudSat and have CBH above 1 km
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)= IDPSvs. Enterprise CBH: “Within Spec”

The enterprise CBH performs better.

The original IDPS with CLAVR-x input CIRA Statistical Regressions
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10 15 20
CloudSat CBH (MSL) ::krr"} CloudSat CBH (MSL) (km)

e  “Within Spec” evaluation for only clouds where the VIIRS CTH retrieval is
within the error specifications: CTH within 1 km of CloudSat CTH if COT >
1, or within 2 km if COT <1 (82599 matchup points for Sept-Oct 2013)

CBH [km] Avg error (bias) RMSE Std of error r2
IDPS 0.7 2.7 2.6 0.45
Enterprise 0.3 1.8 1.8 0.76 v" Much better!
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/)5 Matching VIIRS with CloudSat and CALIPSO

\“x’gs-NPP
1353 UTC on 26 Sept 2013 VIIRS CBH [km] with A-Train overpass track

S-NPP VIIRS True Color image from 1334-1812 UTC on 26 Sept 2013
CloudSat CPR reflectivity v 