Welcome to Techniques for Wildfire Detection and Monitoring

We will begin promptly at 10:00 EDT (UTC-4)
Course Format:

* TWO, two hour sessions

« Sessions will be held on July 12 and 19, 2018

» All atftendees will be muted automatically upon enftry

* This session will be recorded and made available to you within two days

Please be sure you have completed the prerequisites on the training website:
hitps://arset.gsfc.nasa.gov/land/webinars/adv-wildfire-2018
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Using the Fire Mapping Tool 1o Map Fires

Josh Picotte — ASRC Federal InuTeq LLC, Contractor to the U.S. Geological Survey (USGS), Earth
Resources Observation and Science (EROS) Center, Contract Number G13PC00028
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Course Structure

* TWO 2-hour sessions on July 12 and 19, 2018
— Session A: 10:00-12:00 EDT (UTC-4)
— Session B: 18:00-20:00 EDT (UTC-4)

— Please only sign up for and aftend one session
« Guest speaker, Josh Picotte with the USGS EROS/ASRC Federal InuTeq

 Webinar recordings, PowerPoint presentations, and the homework
assignment can be found after each session at:
— hitps://arset.gstc.nasa.gov/land/webinars/adv-wildfire-2018
— Q&A: Following each lecture and/or by email
» cynthia.l.schmidt@nasa.gov, or
* amberjean.mccullum@nasa.gov
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Homework and Certificates

« Homework
— One homework assignment . HEAY
— Answers must be submitted via r L Advanced Webinar: Techniques for

Wildfire Detection and Monitoring

G O O g | e F O rI I I S This assignment must be completed by August 2, 2018 to receive a certificate of completion for the
On

training. Once you submit the homework, you will receive an email with a copy of your responses.
This is your confirmation that we have received your assignment.

Once you click submit, you may click "View Your Accuracy” to see how you did.

« Certificate of Completion:
— Aftend sessions from both weeks

Your email

— Complete the homework assignment ——
by the deadline (access from ARSET
We b S i -I- e ) An accuracy assessment *

(O A.provides the accuracy or correctrie

« HW Deadline: August 2nd m = erereme el

D

NASA's Applied Remote Sensing Training Program (ARSET)

— You will receive certificates approx.

for completing:

TWO m O n .I- h S O fTe r -I- h e C O m p | e Ti O n Of Advanced Webinar: Techniques for Wildfire Detection & Monitoring

July 12-19, 2018

Trainers: Cindy Schmidt

the course from:
marines.martins@ssaihg.com
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Prerequisites

« Fundamentals of Remote Sensing
— Sessions 1 and 2A (Land)
— On demand webinar, available anytime

— hitp://arset.gsfc.nasa.gov/webinars/
fundamentals-remote-sensing

 Download and install QGIS and all
accompanying software

— Use this exercise for help: Downloading
and Installing QGIS

— We strongly recommend you open QGIS
and ensure the software is working prior
to starting the webinar

NASA's Applied Remote Sensing Training Program

Applied Remote Se

Vegetation

The ARSET program offers sateliite remote §
Sclence data Into an agency's decision-mal
health, land, water resources, and wiicfire
reached over 8,000 participants from more t

ARSET's 2016 Annual Report to see w

Through ARSET trainings, you can learn ho

sfluncamentais-remoto-sonsing

ARSET

Webinars
Workshops
Suggest a Training
Personnel

Resources

Upcoming Training
Airquality

Interaction with Earth Surface: @’

Example: Healthy, green
vegetation absorbs Blue
and Red wavelengths and
reflects Green and
Infrared




Accessing Course Materials
hitps://arset.gsfc.nasa.gov/land/webinars/adv-wildfire-2018

Earth Sciences Division Applied Sciences

ARSET

Applied Remote Sensing Training

Trainings ~ _

Advanced Webinar: Techniques for Wildfire Detection and
Monitoring

Dates: Thursday, July 12, 2018 to Thursday, July 19, 2018
Times: 10:00-12:00 and 18:00-20:00 EDT (UTC-4)

Closes: July 11,2018

Certain areas are experiencing longer fire seasons, with more frequent and severe droughts. Wildfire
detection, monitoring, and mitigation is increasingly important in these regions. Satellite remote sensing
data is useful for identifying active fires, evaluating burned areas, and assessing fire emissions. This
advanced training will highlight tools useful for local fire managers. Presentations and exercises will
introduce participants to tools to identify active fires, visualize fire emissions, and calculate burn severity.

Learning Objectives:
By the end of the training, attendees will be able to:

o Identify active fires, visualize fire emissions, and calculate burn severity
* Use the QGIS FMT to enter fire information and order imagery

Course Format:

* Two, 2 hour sessions
* Sessions will be held on Tuesdays, July 12 and 19, 2018, at 10:00-12:00 or 18:00-20:00 EDT
(UTC-4)
e Convert to your local time »
A certificate of completion will be provided to participants that attend all live webinars and
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Land Management

Online Trainings ~

In-Person Trainings ~

Upcoming Training
Airquality
Satellite Remote Sensing of
Dust, Fires, Smoke, and Air

Quality
07/10/2018 to 07/12/2018

Land

Advanced Webinar:
Techniques for Wildfire
Detection and Monitoring
07/12/2018 to 07/19/2018

Disasters

Monitoring Urban Floods
Using Remote Sensing
07/25/2018 to 08/01/2018

Audience:

This training is primarily intended for local, regional, state, federal, and international organizations
involved in wildfire management. Professional organizations in the public and private sectors engaged in
environmental management and monitoring will be given preference over organizations focused primarily
on research.

Registration Information:

There is no cost for the webinar, but you must register to attend the sessions. Please only sign up for
either session A or B, not both.

Session A: 10:00-12:00 EDT (UTC-4) Register Now »
Session B: 18:00-20:00 EDT (UTC-4) Register Now »
Course Agenda:

)~ Agenda.pdf

Session One: July 12

This session will provide an overview of remote sensing for wildfire detection and mapping, as well as
an overview of the QGIS Fire Mapping Tool (FMT). Attendees will go through a hands-on exercise using
the FMT

QGIS FMT is freely-available and can detect active fires and burn scars using Landsat data. This tool
can identify smaller fires that may not be in the Monitoring Trends in Burn Severity program.

Session Two: July 19

This session will provide an overview of the Global Wildfire Information System (GWIS) and a hands-on
demonstration on the use of the GWIS viewer.

GWIS is an online web application that uses remotely sensed wildfire data. This data includes fire
danger, wildfire locations, burned area extent, and burn severity. GWIS also focuses on sharing data
and operational plans between researchers, managers, and agencies. Demonstrations and tools will
introduce participants to applications of the GWIS tool, including:

« identifying active fire from MODIS and VIIRS data,
 evaluating burned areas with MODIS data, and
* assessing fire emissions such as black carbon and particulate matter.

Application Area: Land

Available Languages: English

Instruments/Missions: VIIRS, Landsat, NPP, MODIS

Keywords: Aerosols, Fires and Smoke, Satellite Imagery, Smoke, Tools




Course Outline

7 QGIS 2.18.11 — | X
Project Edit View Layer Settings Plugins Vector Raster Database Web FMT Processing Help

DEBROR (I L2, 2RPPRALANMS @&~ GPQFD?QHS,,

v ) B N A R R IR E TR )
v Layers Panel E
¢ @ & VE&EYHR AL .
¥ x B 2047027201608110171 REFLTIE FE— o =
‘,E X 80470272014072901T1_REFL.TIF N
@~
& Fire Mapping Tirw Dunger Forscusl o

. 9
@ e £ Mo mon once :
(% et scene it Process ESPA Data Indax Fir Waahar ndax (FAY .
- | | Wame | mappingstatus | Acres | eventpate | Eventin | PR | tatiude | Longitude
QQ v [1Paracise | complete 2000 (20150615 WA7GOBI2.. |47/27 47698 123803 Apt 77| |2%) 28| 2aj4] | 2]/ 2 |4 .
9, .
[+} / Load Images ? X L i
" Create New Mapping NNDVI Curves Inc 8
Y4 o B & dederange
u —— bre | perimeterscene Mapper
\{[] v 11 In H10... testuser 2 Laatlodd Last20 da
[2[2 I Sartver End vear 110, 7047027201608110.. testuser 2 P -
33 Ex 2014 *] 2016 7] 1110... |7047027201608110... _ testuser 2 —
o == From: 10 & to: 25 Ape 701
Run Scene Prep ;/OK jC0cel
—
RunFireprep | Nove e 570 Active Fires
Delineate Perimeter Increased Greenness Threshold -150 Generate Metada
S MODIS VIRS
Subset
= Nore
Open Event Foder | | (ORI Bumt Areas
Analysis Type dnbr Revise MODIS &
dNBR Offset 3 Mapping Status | compl
SD Offset 32
jundate Maoping Flre Emissions o
RANBR [ Threshold
Black Carbon Methane
s o .
Curbon Uonde Carbon Monuade .
Soifur Dioxids Niregan Oeidas .
- .
Crganic Carbon Particulate Matter -
Non-Meltams HydroCarbon
Toeal Carbon i Aerosols (]
Coordinate| 563523,5365423 ¥ Scale1:1,947,300 |~/ @@ Magnifier 100% > Rotation 0.0 2 X Render @EPSG:32610 @ Fuels °
4

1002 kre
Fusis 00Dk

Session 2: Overview of the Global
Wildfires Information System (GWIS)

Session 1: Overview of the QGIS Fire

Mapping Tool (FMT)
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Special Thanks To:

« USGS

— Earth Resources and Observation and Science (EROS) Center, Sioux Falls
SD

— Retired Project Lead: Stephen Howard
— Tool Developers: Cheryl Holen and Karthik Vanumamalai

* NASA Applied Sciences Program- Wildfires: Project NNH12AU7 11
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Agenda

« Burn Severity Background

 Infroduction of Remote Sensing of
Burn Severity

« Landsat Background

 Infroduction to the Burn Severity
Mapping Process

« Landsat Image Pairing
Considerations

* Infroduction to the Fire Mapping
Tool

Image Credit: Josh Picotte
NASA’s Applied Remote Sensing Training Program 10



Fire Intensity

 The amount of energy or heat release per unit time or area and
encompasses several specific types of fire infensity measures

* Byram (19589): “The rate of energy or heat release per unit time, per unit
length of fire front, regardless of its depth.”

Byram, G.M. 1959. Combustion of forest fuels. In: Davis, K.P. (ed.). Forest fire: control and use. McGraw-Hill, New York. p. 61-89. Photo Courtesy of NPS
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Fire (Burn) Severity

» The effect of a fire on ecosystem properties, often defined by the degree of
mortality of vegetation

» Degree to which a site has been altered or disrupted by fire; loosely, a
product of fire intensity and residece me

y ] g |
W s N

.
Image Credit: USDA Forest Service Gen. Tech. Rep. RMRS-GTR-243. 2010
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Soil Burn Severity

» The fire-induced changes in physical, chemical, and biological soll
properfies that impact hydrological and biological soil functions

Photo Courtesy of Stefan Doerr
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Example in Pictures

Fire Intensity

Soil Heating

Image: USDA Forest Service Gen. Tech. Rep. RMRS-GTR-243. 2010
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Field Perspective

» Ground-based severity assessments:
— Composite Burn Index (CBI)
— Hiking through and observing burn scar mosaic
— Water repellency tests

Images: USDA Forest Service Gen. Tech. Rep. RMRS-GTR-243. 2010
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Satellite Perspective
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Remote Sensing and Electromagnetic Energy

Conifer

Asphalt
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Response to Eleciromagnetic Energy

Spectral response curve of typical vegetation from 0.4 to 2.6 um

High, near-infrared response due to
healthy plant cell structure

A
( \ Relatively low responses in the mid-
Relatively high green infrared range due to water
response due to absorption

chlorophyll pigmentation

”

78\
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Healthy Vegetation vs. Burned Areas

Exploiting Spectral Response Curves

Unburned High Burn Severity

Mod. Burn Severity

" L)
]
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Low Burn Severity

Reflectance

Wavelength (um)
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Important Satellite Sensor Properties

« Spatial Properties
— Resolution

 How small of an object can we
Seee Day 01 06:41

— Extent

* How large of an area is
covered?

e Revisit time

— How often can we see the same
areae

» Spectral sensitivity
— How many “colors” can we see?
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Landsat Background

1001+
'

 Landsat 5 Thematic
Mapper (TM)
— 1984-2011
— / bands

Atmospheric Transmission (%)

I ; ,
* Landsat 7 Enhanced g1 . & }'O“ mies o [
Thematic Mapper (ETM+) £ grg BN o | S

— 1999-present ' | | .
_ 8 b G n d S 400 900 1400 1900 2400 10000 11000 12000 13000

Wavelength (nm)
Bandpass wavelengths for Landsat 8 OLI and TIRS sensor compared to Landsat 7 ETM sensor

] LO ndSO'I' 8 Operg-l-iongl Note: atmospheric transmission values for this graphic were calculated using MODTRAN for a summertime mid-latitude hazy atmosphere (circa 5 km visibility).
Land Imager (OLI)

— 2013-present
— 11 bands

* 30 m resolution
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Burn Severity Mapping

Image processing methods depend on which sensor is used. For this
application, we used Landsat data.

NBR (Normalized Burn Ratio) NDVI (Normalized Difference Vegetation Index)
NBR = (NIR-SWIR) / (NIR + SWIR) NDVI = (NIR — RED) / (NIR + RED)
dNBR = Prefire NBR — Postfire NBR dNDVI = Prefire NDVI = Postfire NDVI
Reflectance  NBR or NDV| Thresholded
Lsad iy P o Severity
O ' dNBR or dNDVI Product
.qi_) " ¥ ; ) S
o
Difference
o
"8 :
o
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Relativized Differenced Normalized Burn Ratio (RANBR)

« Variant of dNBR; removes bias dNBR & RANBR
associated with pre-fire vegetation Prefire Postfire
condition |
— Developed by Miller and Thode 2007*
— Example: Low density vegetation in
prefire image experiences complete B
ourn
e |.e., a stand-replacing fire

— RANBR measures relative change of

vegetation within the pixel: 100%
change in vegetation: RANBR is high

dNBR =700
RdNBR = 700

Moderate Severity
Fire

dNBR =400
RdNBR =400

k)
Moderate % Canopy Cover dNBR =375
RdNBR = 700

Image Credit: Remote Sensing of the Environment; 109, 66-80 (July 12, 2007)
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Image Pairing Considerations

Date Pairing for Initial Assessment

o SUECLICEEEEL Date Pairing for Extended Assessment

Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Image Credit: Carl Key, 2006
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Assessment Strategy: Initial Assessment

Fire date: July 6, 2007
Postfire Image Date: July 27, 2007
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Assessment Strategy: Extended Assessment

Fire date: July 6, 2007
Postfire Image Date: July 27, 2007

NASA's Applied Remote Sensing Training Program



Landsat Scene Pairs (ANBR) Should...

Pre-Fire NBR
07/10/1999

1999 Anaconda Burn

Image Credit: Carl Key
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Landsat Scene Pairs (ANBR) Should...

Pre-Fire NBR
07/10/1999

Post-Fire NBR
06/25/2000

T WL - i " s
A e yp =y e " i '
P - =

. o .

- B

1999 Anaconda Bum _

Image Credit: Carl Key
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Landsat Scene Pairs (ANBR) Should...

dNBR
07/10/99 - 06/25/2000

1999 Anaconda Burn

Image Credit: Carl Key
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...Have Limited Between-Scene Seasonal Variation

2010 NDVI
1 -
0.9 -
0.8 4
Path20 s,
Row 35 é <4+—=4/16/2010
067 <+—3/31/2010
0.5 -
o4+ rrrr-r-r—-r-rrrrrrrr—
14 84 154 224 294 365
Julian Date
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...Have Limited Between-Scene Seasonal Variation

Path 20 Row 35

g Soeg

Landsat TM 3/31/2010 e T e Landsat T™M 4

NASA's Applied Remote Sensing Training Program




...Only Exhibit Small Between-Scene Changes in Greenness

08 1 Path 18

-= 2009 NDVI
~- 2010 NDVI ROW 39
0.75 -
Q
-
G
> 0.7 A
>
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4
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Julian Date
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...Only Exhibit Small Between-Scene Changes in Greenness

Path 18

0.8 -
-= 2009 NDVI
~- 2010 NDVI ROW 39
0.75 -
Q
3
(1]
> 0.7 A
>
(]
4
-0.04
0.65 -
0-6 T T T T T T T T T T T T T T T T T T T T T T T T T 1
14 84 154 224 294 365

Julian Date

34
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..Not Exhibit Between-Scene Landcover Changes
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...Have Similar Reflectance Brightness

Path 15 Row 42 Path 15 Row 42
Sun Elevation: 67° N _ Sun Elevation: 35°
Sun Azimuth: 91° Sun Azimuth: 151°
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...Have Similar Reflectance Brightness

/

AT 1o SN

Path 35 Row 32 Path 35 Row 32
Sun Elevation: 64° Ml T Sun Elevation: 23°
Sun Azimuth: 124° Sun Azimuth: 156°
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...Have Similar Reflectance Brightness

Path 19 Row 35 Path 19 Row 35
Sun Elevation: 65° L . L o L Sun Elevation: 32°
Sun Azimuth: 114° Sun Azimuth: 158°
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Postfire and Prefire Landsat Scenes Should...

Bugaboo Wildfire
Image Date: 5/21/2007

NASA's Applied Remote Sensing Training Program 39




...Be Cloud Free

Path 46 Row 31
Landsat TM4
Image Date

09/23/2002

40
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...Be Cloud Free

>
;»..‘9' »
0 R

Path 17 Row 39
Landsat TM5
Image Date: 06/22/2007
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...Be Cloud Free

Path 47 Row 27
Landsat 7 ETM+
Image Date: 05/01/2002
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...Be Cloud Free

Po’rh 7O Row 14
Landsat TM4
Image Date: O7/30/1988
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...Contain Limited Haze

o i - W

Path 20 Row 35
Landsat TMS
Image Date: 12/12/2003
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...Have No Snow Within the Fire Perimeter

=

Path 46 Row 31
Landsat TM5
Image Date: 03/18/2003
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...Contain No Active Burning Within the Fire Perimeter

Gamer Creek, SC
Prescribed Burn
Image: 05/02/2006
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...Not Contain the Fire Perimeter Near the Scene Edge
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...Not Have Scan Lines Within the Fire Perimeter
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...Not Have Scan Lines Within the Fire Perimeter
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Development of Fire Mapping Tool (FMT)
Problem: Most Small Fires (<10 ha) Are Unmapped

PR : = Monitoring Trends in Burn Severity (MTBS)
2] 6 |re$ ia Versus NIFT Percentage of Fires Mapped

Rl
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Image Credit (Right): NIFC Data Source: http:
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Fire Mapping Tool (FMT) Project Goal

» Create tools to more accurately map burn perimeters and severity with
Landsat imagery, and use a similar methodology to the Monitoring Trends in
Burn Severity (MTBS) Project
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QGIS Background

[ Qo5 21412 E5se
Project Edit View Layer Settings Plugins Vector Raster Database Web EMT Processing Help

N o A0 & DRAR & e REES - 7~
» 7z 2 o fog wp am wn e s @ A
BN =] A 0 © ] L/ L
Layers Panel .
R e e Recent Projects

-

test2

C:/Workspace Karthik_Qgis/FireMappingQg
is/templates/test2.qgs
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C:/Workspace Karthik_Qgis/FireMappingQg
%) is/templates/test.qgs
- EPSG:5070 (NADS3 / Conus Albers)
%%

'R,

4

QGIS Interface

DistEvt_Comparison
C:/Workspace/Remap/Python_Scripts/EviD
istFinal /Ppt/DistEvt_Comparison.qgs
EPSG:5070 (NADS3 / Conus Albers)

KiD)|

There is a new QGIS version available: Visit http: //download.qgis.org to get your copy of version 2.18.7

Coordinate %) scale | 1:201 ~| Rotatin 0.0 7| X Render  @ersc:som o) @

hitp://www.qgis.org/en/site/
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QGIS Fire Mapping Tool (FMT)

QGIS 2.14.12-Esse
Project Edit View Layer Settings Plugins Vector Raster Database Web Processing Help
E E )-:;' ‘:‘ ¢ )
NEBRLR (O 2o oD D L
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;// b | gy ° e /8 I TS = O & L
- = D @G KR 9 9 @ SO OO @ G GO G (B 6
@ J l ! 4 W O O o8 B T =
Lzyers Panel

NN AR 3N
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FMT's Functionality

* Processes Landsat Imagery ordered from hifps://espa.cr.usgs.gov/
« Creates dNBR images
 Builds fire perimeter and masking vector files (i.e. shapefiles)

« Calculates RANBR offset and subseqgquently outputs a RANBR image

« Suggests potential low, moderate, and high burn severity thresholds

» Creates thresholded burn severity product

« OQutputs metadata

» All user entered information is databased within a Spatialite database

« Additional documentation available from hitps://mitbs.gov/agis-fire-
Mapping-tool
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QGIS FMT Processing Outline

£ Event Mapping Teel
File Search Preferences

[ e | v tnins | ares
complet 4500

Step 1: Identify é fire 'Ljsin‘;g sensor
detections or another data source Step 2: Use QGIS tool to enter

fire information and order imagery

Step 3: Identify pre- (left) and post- Step 4: Map fire perimeter and
(right) fire Landsat Scenes burn severity

NASA's Applied Remote Sensing Training Program



Conclusions

« Remote sensing of burn severity is possible

« On the ground burn severity information can help calibrate remotely
sensed burn severity estimates

* Pre- and post-fire image characteristics are important
— Initial versus extend assessment
— Seasonal variation
— Phenological variation
— Be aware of potential image anomalies
* The FMT:

— can use Landsat 5, 7, and 8 images
— assist in the mapping of burn severity

« Demonstration of FMT tool
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Contacts

« ARSET Land Management & Wildfire Contacts

— Cynthia Schmidt: Cynthia.L.Schmidt@nasa.gov

— Amber McCullum: AmberJean.Mccullum@nasa.gov
» General ARSET Inquiries

— Ana Prados: aprados@umibc.edu

« ARSET Website:
— http://arset.gstc.nasa.gov
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Thank You

Next Week: Global Wildfire Information System (GWIS)
07/19/2018
Cindy Schmidt and Amber McCullum




Question and Answer Session

Please type your questions in the Question Box

You can also type your name, location, organization, and
email address to connect with your fellow land remote sensing
professionals
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