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Rethinking How Satellite Data Are Transformed Into
Actionable Insights for Fire Applications

Mike Pavolonis
NOAA/NESDIS Fire Lead
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Impact Centric Framework

"You've got to start with
the customer experience
and work back toward

the technology — not the

) n
other way around

Less: “Here is a product |
developed. How can it help you?”

More: Start with a focus on tasks
users are trying to accomplish
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Product vs Impact Mindset

Algorithm/Product Centric Focus Impact Centric Focus
X
* Develop a new or improved * Develop and deliver timely,
algorithm/product accurate, and actionable
information

 Example goal: develop an algorithm

for satellite-based fire detection « Example goal: improve the
timeliness of the response to a
new fire ignition

@ Department of Commerce // National Oceanic and Atmospheric Administration // 3




NOAA Service Delivery Framework

Q? a0l
- 2

Evaluate Build
Cwvauale Lser impect Buld rusled redation

Continuous

Engagement
with Users

Actionable
information and
analysis ready data
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Build: NOAA Fire Weather Customers / Partners
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Gather: Identifying Critical Gaps

NWCG Satellite Data Task Team

GEO-XO User Engagement
Workshop

Fire Workshop Initial Findings

Vanessa M Escobar , Lead Scientist for GEO-XO User Engagement

) = : o |
Wildland Urban Interface Fire ORDINATING GR®", CESYS gt o v 3
Operational Requirements and
Capability Analysis

Report on Satellite Technology Requirements for
Wildland Fire Services in the CONUS

August 19, 2020

Report of Findings

Lindley, T. T., C. M. Gravelle, S. M. O’'Neill, D. C. Daily, W. Schroeder, S. Triplett, C. Belognie
B. Gardunio, and C. Thompson, 2020: Report on satellite technology requirements for wildland
fire services in the CONUS. Satellite Data Task Team, Fire Environment Committee, National

]\Iay 31, 2019 Wildfire Coordinating Group. i n k
(g Homeland U.S. Fire
\-) Securlty # Administration 2 FEMA NWCG Satelllte Data Task Team
Science and Technology Report on Satellite Technology for Wildland Fire Services in the CONUS

Link Tink
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https://www.dhs.gov/sites/default/files/publications/wui_fire_report_of_findings_july_24_2019v2_508.pdf
https://www.nwcg.gov/sites/default/files/committee/docs/fenc-satellite-data-task-team-final-report.pdf
https://www.nesdis.noaa.gov/next-generation-satellites/geoxo/fire-stakeholder-virtual-workshop

Detection

* Fully utilize
GOES and
JPSS for
timely fire
detection and
notifications

Pre-ignitio

» Datasets required to train
and calibrate fire weather
prediction models and
assess threat potential

4
-l' Pre-ignition

&

x>
" Detection

A

Monitoring Monitoring

1V

Za * Information rich
database to support

Q

Forecasting

long-term monitoring of
trends and patterns

Forecasting

4

Post-fire®
* Multi-satellite burn scar

Translate/Assess: High Priority NESDIS Activities

A The White House &
T 2
R @WhiteHouse

We are seeing wildfires of greater intensity, with
climate change driving the dangerous confluence of
extreme heat and prolonged drought.

Yesterday President Biden announced new federal
measures to prevent, prepare for, and respond to
wildfires.

.m] NEW FEDERAL ACTIONS TO PROTECT
COMMUNITIES FROM WILDFIRES

Investments
In Our Future

New Tools and
Technologies

Firefighter Retention
and Resources

11:30 AM - Jul 1, 2021 - The White House

» Optimize satellite derived information for
fire behavior and smoke forecasting
(advanced fire characterization)

, database

AON

&Ls

Overarching: effective dissemination and
interoperability, with robust user interfaces
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Assess: Current NESDIS Fire Product & Services

\4

GOES-R Ground GOES-R ABI Products | ™\
Segment

NDE and CSPP > JPSS EDRs
. . | Non-NOAA Satellite
Enterprise Algorithms > Products
OSPO/SAB - Hazard Mapping System

Fire data and information /

\4

NCEI
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Address: Dedicated Fire Information System

Single or multi-source GEO or LEO
satellite data + supplemental data
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NESDIS Fire
Information System

NESDIS Fire
Storefront

Fire Software
Repository

</>
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Progress on
Address/Deliver/Evaluate: The
NESDIS Fire Pilot Project
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The VOLcanic Cloud Analysis Toolkit (VOLCAT)

Thermal Monitoring

Volcanic Cloud Characterization

Falso Color Imagery (12310 3um. 1
IR

Dust Loading

___AT&T 4G 2:58 PM 78 % b

Eruption Alerts

. Messag...(2)

Volcanic Cloud Tracking

RS
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ol

Call | FaceTime || Add Contact |

Text Message
Feb 21, 2013 1:25 PM

FRM:mpav@ssec.wisc.edu
SUBJ:NOAA/CIMSS
Volcanic Cloud Alert

MSG:

1 ASH ALERT(S)
http://volcano.ssec.wisc.e
du/alert/report/465

©
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VOLCAT Software Practices

jects v Groups v More v

Volcat Geocat voleat » Volcat Geocat Container > Container Registry
Container

@ Project cverview Container Registry

< 6Image repositories () Expiration policy will run in about 7 hours

\'

B Repository
With the GitLab Container Registry, every project can have its own space to store images. More information

T . Automation

19 Merge requests 3
4 cico volcat/volcat-geocat-c7r/develop [
—— @ tlab  Projects v  Groups v  More v
© Security & Compliance
B Volcat Geocat volcat > Volcat Geocat Container > Jobs
@ Operations. ©3Tags @ Container
All 128 Pending 0 Running 0 Finished 124
@ Packages & Registries & P B 1 Project overview
Packete necsitty © 3 Tags @ ) o Status Job Pipeline stage Name Duration Coverage
Container Registry g 1 J puft-0 B #64542 v feature-ci-.. o 176e3e12
estes 8  canceled #3128 by & build docker-build & 3 weeks ago [¢]
©0Tags
L Analytics
_ volcat/volcat-geocat-c7r/build-env [ 19 Merge requests 3 #64489 v feature-ci-.. < 3dd82a87 & 00:00:27
0 wiki i #31089 by & build docker-build & 3weeks ago C
- 44 cicp
X Snippets .
voleat/volcat-geocat-c7r/ Root image [ @ - #64481 v develop < cf7a6eb3 084 b ) ) & 00:25:22
- 10 # y & build docker-build & 3weskaago [¢]
Editor
£ Settings #64465 v exp-registr.. - cf7a6eb3 076 ) ) & 00:25:44
Jobs # y & build docker-build 3 weeks ago C
Schedules
#64442 v develop - b8d71af1 & 00:26:09
#31068 by & build docker-build (¢}
© Security & Compliance [ voicat T kubernetes ] & 3 weeks ago
#64435 v exp-registr.. o b8d71afl :28:
% Operations ’ e & 00:28:23
#3106 by build docker-build & 3wesksago [¢]
@ Packages & Registries
#64002 v develop o 327bc78d & 00:25:31
#30854 b i -buil
Lt Ansiytics v 4 buld - dockerbuld ) 4 onih ago c
i #64045 v feature-for.. o-327bc78d :25:
0 wikd #30823 by & build docker-build & 00:25:49 c
& Tmonth ago
% Snippets
#63989 v develop o 9cd94141 ) ) & 00:37:48
« Collapse sidebar & Members #30795 by build docker-build @ 1 month ago C
£+ settings #63307 v feature-for.. o 9cd94f4l & 00:25:23
] ] ] i -bui
C O n ta I n e rI Z a tl O n o B o e )
#63306 v exp-test-ca.. o-01005cct ) ) & 00:00:23
(©canceled ] PR #30435 by build docker-build @ 1monthago ¢
#63298 v fix-registr.. o 9cd94f4l ) ) & 00:25:42
#30432 by build docker-build & 1 month ago [¢]
#63295 v fix-registr.. < 77496dba ) ) & 00:37:47
#30430 by ¢ build docker-build & 1monthago (¢]
#62155 v feature-for.. - Ge4fagad ) ) & 00:25:50
#29838 by build docker-build & 1monthago (¢}
« Collapse sidebar —_— #62089 v integrate-r.. o 7d329bd5 . & 00:25:21 -~
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New experimental automated
fire alerting system

The Newell Fire in Napa, County, CA was
detected by the improved NESDIS detection

detected fire events as a function of NWS fire
weather products (e.g. red flag warnings, SPC
outlook, etc.)

« Powered by an improved satellite fire detection
algorithm

User configurable web dashboard displays newly

algorithm at 6:12pm PDT on 11 Oct 2021 (fire
was first reported at 6:30pm PDT)

False Color Imagery (12.3-10.3um, 10.3- 39um 10. 3um)
§ GOES-17 ABI (10/11/2021 - 22:21:30 UTC) ® BEF e E

&

N
>
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Value of Low Latency Satellite Data

L1 File(s) - Temporal
Number Of Thermal Anomaly Alerts:

Wildfire Alert Report
Date: 2022-06-07
Time: 22:55:30
Production Date and Time: 2022-06-07 22:56:45 UTC
Primary Instrument: GOES-17 ABI
Wmo Spacecraft Id: 664
Location/orbit: GEO
L1 File: OR_ABI-L1b-RadM1-M6C14_G17_s20221582255256_e20221582255313_c20221582255364.nc

OR_ABI-L1b-RadM1-M6C14_G17_s20221582254256_e20221582254313_c20221582254366.nc

1

Hide details A

Possible Wildfire

False Color Imagery (12.3-10.3um, 10.3-8.5um, 10.3um)
AB 712022 - 22 C

False Color Imagery (12.3-10.3um, 10.3-3.9um, 10.3um)
AB 712022 - 22 L

False Color Image (12-11, 11-3.9, 11) [zoomed-in]

Basic Information

State/Province(s)
Country/Countries

County/Locality(s)

NWS WFO

Identification Method

Mean Object Date/Time
Radiative Center (Lat, Lon):

Nearby Counties (meeting alert
criteria):

Total Radiative Power Anomaly

Total Radiative Power

California
USA

Santa Barbara County,
California

Los Angeles/Oxnard CA
Enhanced Contextual (Clear)
2022-06-07 22:55:30UTC
34.600°, -120.060°

Santa Barbara County (0.00 km)

n/a
30.30 MW

View all event imagery »

Fire alerts from 1-
minute GOES-R

GRB data are
generated within 90
seconds of
acquisition
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False Color Imagery (12.0-10.8um, 10.8-3.7um, 10.8um)

Satellite Sensor S—NPP VIIRS (07/08/2013 — 04:23:43 UTC)
Agnostic Detection JPSS VIIRS Data
Solution
Higher spatial resolution = _
Detection of smaller fires DIEIE e ) il

bonfire near Rio de

Janeiro

. 5 km :

Stock photo
) & - -  Administrati
@ v Department of Commerce // National Oceanic and Atmospheric Administration // 15



GOES-17 ABI (09/06/2020 — 19:05:30 UTC) Near continuous fire intenSity monitoring

By tracking fire detections over time and correcting
for atmospheric attenuation (including clouds), fire
radiative power (FRP) can be monitored in a near

continuous manner from GEO satellites

SN OLCAT time series tools will be used to ™
monitor fire inciderts "

\\\\\\\\\\ lauea v

Total Radiative Power: -999 MW

VOLCAT Radiative Power Time Series

—

o
=i
o

ransmittance

Radiative Power [W]
2

22

06 Sep, 2020
UTC Time (Hours)
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Satellite Data Sources

Current GEO: Current LEO: Upcoming:
GOES-16 ABI SNPP VIIRS GOES-U ABI
GOES-17 ABI NOAA-20 VIIRS MTG-11 FCI
GOES-18 ABI Terra-MODIS JPSS-2 VIIRS
Meteosat-11 SEVIRI Aqua-MODIS Metop-SG A1 - Metimage
Meteosat-8/9/10 SEVIRI Metop-B AVHRR WildfireSat
Himawari-8/9 AHI Metop-C AVHRR
GEO-KOMPSAT-2A AMI Sentinel-3a SLSTR
Sentinel-3b SLSTR Currently supported

Will be supported in the future
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Next Step: Kickoff

transformation projects

Disaster Relief Supplemental Act (2022-2024)
Infrastructure Investment & Jobs Act (2022-2025)
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Fire Product & Services Transformation Team

CIMSS
University of Wisconsin

CIRA NOAA

Colorado State University . NESDIS, OAR, NWS
- CISESS
University of
WIFIRE

University of _. .
California - San Diego Also includes

continuous coordinate
with external partners
and users

GINA
University of Alaska -
Fairbanks
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Impactful Service Delivery for Time Sensitive
Applications:

4 ) 4 ) 4 ) " Robust ) 4 )
Deep Science Low latenc software, Actionable
understanding | + (physical + y + interfaces, = | and impactful
data : )
of user needs and/or data) and information
\_ J \_ J \_ J \_dissemination / \_ J
. J

~
For wildfire and many other applications, each of

these must be in place to achieve impact goals

Processing at direct readout sites should be part of the equation in order
to realize the full potential of satellite assets
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Extra Slides
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Translate: NOAA Satellite Capabilities

GOES-R Series - Geostationary JPSS Series - Polar orbiting
3 LH:— 1"""-——~~-— % > % . “; ',:\‘tj“ \‘;. : : . Anchorag

Sterling

Soldotna

| GOES IR — 3.9um

"Clam
Gulch

IR o o s
- N
9090/09,/07.20:01:1703C :

Oregon and California Fires, September 7 — 9, 2020
GOES-East and West provides nearly continuous
observations of fires at a 2-3 km resolution (function of
latitude ~6 km in central Alaska)

Spatial resolution is important - JPSS polar orbiting
satellites are particularly critical for higher latitudes -
Next generation GEO-XO will improve GOES-R spatial
resolution by 4X
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Value of Low Latency Satellite Data

FireGuard Detection - California /Santa Barbara County The GOES-R based fire ignition alerts often
1 messa .
= precede independent alerts from the DoD-based
dono?reply@erqs.nwcg.gov <donotreply@eros.nwcg.gov> Tue, Jun 7, 2022 at 6:05 PM . .
To: Mike. Pavolonis@noaa gov FireGuard system by 5-15 minutes

Hello, this email is to inform you that FireGuard has detected heat in an area where you expressed ir Wildfire Alert Report
****PLEASE DO NOT RESPOND TO THIS EMAIL!!!! P
Date: 2022-06-07
Time: 22:55:30
Production Date and Time: 2022-06-07 22:56:45 UTC 5 . 57 P M
GACC 0scC Primary Instrument: GOES-17 ABI
Dispatch Santa Barbara Dispatch Center Wmo Spacecraft Id: 664
Location/orbit: GEO
County Sar'.lta B-arbara L1 File: OR_ABI-L1b-RadM1-M6C14_G17_s20221582255256_e20221582255313_c20221582255364.nc
State California L1 File(s) - Temporal OR_ABI-L1b-RadM1-MBC14_G17_s20221582254256_e20221582254313_c20221582254366.nc
Coordinates Lon: -120.0743, Lat: 34.5934 Number Of Thermal Anomaly Alerts: 1
DPA/urisdiction  STATE
Heat Detection Acres 2.72 - -
Temperature 77 Possible Wildfire
Relative Humidity 4 False Color Imagery (12.3-10.3um, 10.3-8.5um, 10.3um) Falsa Color Imagery (12.3-10.3um, 10.3-3.9um, 10.3um) Basic Information
Wind Speed 463 L e = S S _ i — - T State/Province(s) California
Wind Direction W . Country/Countries USA
County/Locality(s) szgrgi‘;ma"’ County,
NWS WFO Los Angeles/Oxnard CA
Identification Method Enhanced Contextual (Clear)
Mean Object Date/Time 2022-06-07 22:55:30UTC
Radiative Center (Lat, Lon): 34.600°, -120.060°

Nearhy Counties (mesting alert Santa Barbara County (0.00 km)

criteria):
Total Radiative Power Anomaly n/a
Total Radiative Power 30.30 MW

False Color Image (12-11, 11-8.5,_11) [zoomed-in] False Color Image (12-11, 11-3.9, 11) [zoomed-in] View all event imagery »
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NESDIS Value Proposition

« Deep knowledge of satellite data and a long history of fire product
development

e QOperational mission

« Trusted source of environmental intelligence (including transparency)
« Ability to scale capabilities

« Strong partnerships and user engagement

 Critical piece of the coordinated NOAA contribution

Department of Commerce // National Oceanic and Atmospheric Administration // 24



Committed to co-
development with
user community

NRT demonstrations
enable effective co-

% - o =
\l o : Ak e

Hio 4l l" @ ‘"n "m; i R y

u.»!“‘ wal b -\.,w*:,m, IR RS 7T =

¥ By \ MR :

35 o [ “‘nﬂn “’“‘ : ¥ eve O men

“ ’““’Hmz BRAS, ;, muu & f ¥ 4

813 !s ot 1“ VY > % .

HUNS u Bt 4 d ; 2 1 o

S8 | e [ ™ Prototype NESDIS fire
e — AR ignition dashboard on the
Wy situational awareness wall
at the NWS Norman, OK
WFQO during a wildfire
outbreak day in April 2022
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Product Centric Framework

/Satelllte Sensor and\

Ancillary Data

Satellite and sensor
requirements are based on

support a large range of
applications

stakeholder needs and

/ Data Products \
L&iiﬂmgﬁnmsa.zm.dum

vuns(zssnn) "'\\ CriS(SEDRs)

£ < 24
" RDR &SDR (for each of 22 bands) . CERES RDR, DR h
. RDR _/ EDRs:  Carbon Dioxide \
/ EDRs: > Carbon Monoxide
/" Active Fires Land Surface Temperature Infrared Ozone Profile \
/ Albedo (Surface) Ocean Color/Chlorophyll Methane
Aerosol Optical Thickness  Quarterly Surface Type OutgoingLongwaveRadiion \
| Aerosol Particle Size Parameter Sea Ice Characterization \
[ Cloud Base Height Snow Cover > “cr IS/ATMS (2 EDRs)
| Cloud Cover/Layers Surface Type v'/M'
| Cloud Optical ":ms:o Vegetation ..'.“a’.;'ii 7" Atmospheric VericalTemperature Proie
Cloud Top Height Grsen Vegelation Fraction / Atmaspheric Yeriza RoRREREESlP
Cloud Top Pressure Polar Winds E
Cloud Top Temperature Sea Surface Temperature

Cloud Mask Vegetation Health Index Suite / ATMS (11 EDRs) RDR. SDR, © TDR

Ice Surface Temperature

© Imagery | Cloud Liquid Water Sea Ice Concentration
Imagery Total Precipitable Water
K = — Land Surface Emissivity Snow Water Equivalent
& /’ ™ Moisture Profile Temperature Profile
TR OMPS-Nadir: \Rainfall Rate Snow Cover
P (2 EDRs) “\Land Surface Temperature
| OMPS-NRDR&SDR |

AMSR2 (11 EDRs) . | EDRs: Ozone Total Colum n |
RDR, SDR, TDR b Ozone Nadir Proﬁl u‘
/ EDRs: _ OMPS-Limb
i Cldeq uid Water Sea Surface Wind Spex eed OMPS-LRDR
| Imagery Snow Cover/Depth |
| Precipitation Type/Rate Snowwau Eq ivalent | KEY
| Precipitable Water Soil Moi RDR Raw Data Record
. Sea Ice Characterizatio SllrhoeType SDR Sensor Data Record
Sea Surface Temperatur TDR Temperature Data Record
y EDR Environmental Data Record
9 Products with Key Performance Parameter

Science algorithm
development is primarily
focused on geophysical

data products with generic
requirements

/ Product-side User \

Engagement

Integration of geophysical
data products into user
applications mainly occurs
after algorithm
development

o /
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Cross-cutting Impact Goals

* Provide satellite-derived information that helps improve the timeliness of the
response to a new fire incident

« Enhance fire monitoring and forecasting in support of incident management

« Enable the development of improved fire emission databases and smoke
forecasting models

« Streamline fire product and information access

Better understanding of long-term fire trends and patterns

More responsive to evolving user needs
“ V Department of Commerce // National Oceanic and Atmospheric Administration // 27




