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Wildfire Physics

Wildfire spread

¥ Ground - spread by subterranean roots
¥ Surface - spread by leaf and timber litter
¥ Ladder - spread by vines and shrubs

¥ Crown - spread by canopy vegetation

I

Wildfire front

¥ Wood is dried as water is vaporized (212 iF)

¥ Woed pyrolysis releases flammabie gasses (450 jF)
¥ \Woodsmolders burns without flame (590 jE)

¥ Woodignites, burns with flame (1000 F)

¥ Flame waimzc-airon leading-edage of front (>1500 jF)
¥ Process feeds forward ...

I

Wildfire forward rate of speed (FROS)

¥ ~6.7 mph in forests

¥ ~14 mph in grasslands
¥ with flaking, backing, jumping ...
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Plant Physiology

Chlorophyli ...
¥ Absorption D Yellow/red and blue/violet (visible)

¥ Reflectanceb Green (visible) and near infrared (invisible)
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When you get hungry, you might
decide to raid the cookie jar

or ask your mom to make you

a sandwich. You do this
beacause humans and

animals get energy from

the foods they eat.

[¥SUNLIGHT

Light shining down from the

sun is absorbed by the plant’s
cells. These tiny celis are what
make up the plant and its leaves.

Typical
plant cell Cell

[ CHLOROPHYLL

Inside some of these cells
is a special ingredient
called chlorophyll. This is
the compound that traps the
Sun’s light to stan the
procass of photosynthesis.

[£] WATER

Water and carbon dioxide
are two of the main
ingradients needed for
photosynthesis. These
two substances are made
of many smaller parts
called molecules.

Water molecules

Oxygen

atom
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Plants use light enargy
from the sun 1o
produce the fcod they

Photosynthesis

© INGREDIENTS
Light energy =

Carbon dioxide

eed 16 Suive: Rays from the sun = From the air —
This process \Water Chlorophyll ’
is called Gethered by plant's Presentincells 0
photosynthesis, roots in the soil { ofgreenplants
[l END RESULT
Sunlight The sugar created by
- photosynihesis is sent
to the rest of the plant

Carbon
Dioxide

|sa

Photosynthesis causes the water molecules
10 split, separating the hydrogen and oxygen
atoms, The oxygen is released into the

atmosphere.

OXYGEN!

Hydrogen
aloms

C
OO

for food.

Carbon dioxide
molecules

Then, the hydrogen
atems combine with
carbon diowids to
make a sugar the plant
can use as its food.



MODIS b A Spatiotemporal Technology for "Geotagging"
Electromagnetic Radiation at a Global Scale ...

Moderate Resolution Imaging Spectroradiometer

Key instrument on Terra and Aqua satellites.

Launched in 1999 (Terra) and 2002 (Aqua), orbit at 705 km.

Scans the earth every 1-2 days, swath width is 2330 km.

36 spectral bands, range in wavelengths from 400 nm to 14,400 nm.
Resolution 250, 500, and 100G.m

¥in other words, a measurement of the electromagnetic radiaticn at
each pixel location is geotagged at least every two days ...

K K K K K
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MODIS b A Spatiotemporal Technology for "Geotagging"
Electromagnetic Radiation at a Global Scale ...
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Broadcast Microwaves X-rays Cosmic

band rays
Radar Infrared Ultraviolet Gamma

(IR) (UV) rays

Long Wavelengths - Short Wavelenghts

Visible Light

Infrared Ultraviolet
(IR) (UV)
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MODIS
Wavelength Range

1100 B 700,! 450 b 425,!

625 D 475 nin /700 B 680 nim
(chlorophyll reflectance)  (chlorophyll absorption)

4000 nm 1650 nnt
(620jF, burning without flame)(1340jF, burning with flame)
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MODIS b Fire Intensity and Vegetation b 2012
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MODIS b Fire Intensity and Vegetation b 2012
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MODIS b Fire Intensity and Vegetation b 2012

: . ? Laté season bresin !
High intensity ! 0 : : south central Canada !
bres in eastern Idaho ! e " (October)
(August, September) : \

Followed by *!
central US'!

(April)

-

Followed by coastal "

regions of Mexico ! 5 :
(May, June) ~ R fo ' S Fire season began early !
- in the southeastern US !
(March)




MODIS b Fire Intensity and Vegetation b 2012

High intensity !
Pres in eastern Idaho !
(August, September)
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Followed by coastal "

regions of Mexico !
(May, June)

Late season bres in !
south central Canada !
(October)

Followed by "
centrallUS'!

(April)

What's our risk?!
I
There's always
a chance, but
we're a whole lot
better off than a
lot of places ...

Fire season began early !
in the southeastern US !
(March)




Wildfire Response

¥ The National Interagency
Fire Center (NIFC), located
in Boise, Idaho, is the
nation's support center for
wildland firefighting.

¥ Eight different agencies and
organizations are part of
NIFC: USFS, BLM, NWS,
NPS, BIA, USFS, US Fire
Administration, & FEMA.

¥ Decisions are made using the
interagency cooperation
concept because NIFC has
no single director or
manager.

Aviation

Communications

Springs Fire, ldaho

Credit:

Boise National _Forost

Ny o
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NATIONAL INTERAGENCY IFIRIE CENTER

Fire Information Fire Shelters NICC Policies

Welcome to the Nation's Logistical Support Center

The National Interagency Fire Center (NIFC), located in Boise, Idaho, is
the nation's support center for wildland firefighting. Eight different
agencies and organizations are part of NIFC. Decisions are made using
the interagency cooperation concept because NIFC has no single
director or manager.

Current Fire Season Outlook

Outlook: For November, above normal significant fire potential only
remains across small portions of the Hawaiian Islands. By the December
through February timeframe no above normal significant fire potential is
expected in the U.S.

History

The Boise Interagency Fire Center (BIFC) was created in 1965 because
the US Forest Service, Bureau of Land Management (BLM), and
National Weather Service saw the need to work together to reduce the
duplication of services, cut costs, and coordinate national fire planning
and operations. The National Park Service and Bureau of Indian Affairs
joined BIFC in in the mid 1970s. The US Fish and Wildlife Service later
joined in 1979. The Center's name was changed in 1993 from the Boise
Interagency Fire Center to the National Interagency Fire Center to more
accurately reflect its national mission. The US Fire Administration-FEMA
joined NIFC in 2003.

———

Programs Safety Training
In the Spotlight

Fire outlook for this month

2012 National Mobilization Guide

2013 "Red Book" and 2011 "Blue Book"
Sit Report and National Fire News

PIO Bulletin Board / Fire Season
Podcasts

Join us on Twitter, Facebook,
You Tube, and Picasa:

BLEee

About NIFC Links Fire Photos ContactUs Search Disclaimer/Privacy Policy USA.gov Jobs/Employee Development Partners NIFC Help Desk

www._nifc.gov

National Interagency Fire Center
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Wildfire Response

United States
Department of the Interior
Bureau of Land Management

¥ After a major wildfire, law requires
that the federal land management

agencies certify a comprehensive plan BURNED AREA

for public safety, burned area EMERGENCY STABILIZATION
stabilization, resource protection, and and REHABILITATION

Ssite recovery.

¥ These BAER plans are due within 14
days of containment of a major
wildfire and become the guiding
document for managing the activities
and budgets for all subsequent
remediation efforts.

¥ There are few instances in the federal
government where plans of such wide-
ranging scope are assembled on such
short notice and translated into action
more quickly.

¥ Post-fire rehabilitation planning is a
data-intensive process and requires
better access to new types of data
products ...

BLM Handbook H-1742-1

http://video.nationalgeographic.com/video/environment/environment-
natural-disasters/landslides-and-more/wildbre-research/



http://video.nationalgeographic.com/video/environment/environment-natural-disasters/landslides-and-more/wildfire-research/
http://video.nationalgeographic.com/video/environment/environment-natural-disasters/landslides-and-more/wildfire-research/

The RECOVER Project

¥ Goal is to build an automated decision support
system for post-fire rehabilitation planning.

¥ Focus is on savanna ecosystems of the
Western US .

¥ Funded by NASA's Applied Sciences Program.

¥ Outgrowth of NASA-sponsored research on
post-fire assessment and monitoring and
decision support application development.

¥ Interagency Collaboration:

- ldaho State University's GIS Training and
Research Center (GIS TReC)

- NASA Goddard Space Flight Center (GSFC)

- DOI Bureau of Land Management (BLM)

Idaho Department of Lands (IDL).
¥ Stage 1 - Feasibility Study.
¥ Stage 2 - Operational Deployment.
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Assessing the Success of Postfire Reseeding in Semiarid Rangelands
Using Terra MODIS

Fang Chen! Keith T. Weber,? and John L. Schnas&

Authors are 'Research Associate andProfessor, GIS Training and Research Center, Idaho State University, Pocatello 1D 83209, USA; an@Senior

Computer Scientist, Ofbce of Computational and Information Science and Technology, NASA Goddard Space Flight Center, Greenbelt, MD 20771, USA.

Abstract

Successful postbre reseeding efforts can aid rangeland ecosystem recovery by rapidly establishing a desired plant community
and thereby reducing the likelihood of infestation by invasive plants. Although the success of postPre remediation is critical, few
efforts have been made to leverage existing i to develop to assess reseeding success
following a bre. In this study, Terra Moderate Resolution Imaging Spectroradiometer (MODIS) satellite data were used to
improve the capacity to assess postPre reseeding rehabilitation efforts, with particular emphasis on the semiarid rangelands of
Idaho. Analysis of MODIS data demonstrated a positive effect of reseeding on rangeland ecosystem recovery, as well as
differences in vegetation between reseeded areas and burned areas where no reseeding had occuRred0(05). We conclude

that MODIS provides useful data to assess the success of postpre reseeding

RECOVER:
Rehabilitation Capability Convergence
for Ecosystem Recovery

An Automated Burned Area Emergency Response Decision Support System
for Post-fire Rehabilitation Management of Savanna Ecosystems in the Western US

Keith T. Weber
GIS Training and Bsearch Center
Idaho State University

JohnL. Schnas?, Molly E. Browr®, andMark Carrolf

Resumen

*Office of Computational and Information Science anchifielogy,
2NASA Center for Climate Simulation, a?&lospheric Sciences Branch

Esfuerzos exitosos de resiembra post-fuego pueden ayudar a los ecosistemas de pastizales para regenerquistamente,

estableciendo una comunidad deseable de plantas y la de plantas invasivas. Mientras el
eito del mejoramiento post-fuego es crucial, pocos esfuerzos se han hecho para las 6
para i a ifod la resiembra despue de la presencia de fuego. En este

estudio, informacien de saute Terra Moderate Resolution Imaging Spectroradiometer (MODIS) se ue para mejorar la
capacidad de determinar los trabajos de rehabilitagin post-fuego, con un particular @fasis en los pastizales semialos de

Idaho. Analisis de informacien de MODIS demostraron un efecto pos’
pastizales a8 como en diferencias en vegetasi entre aeas resembr:
(P, 0.05). Se conclugx que MODIS provee informacien wtil para de

Key Words: fPAR, Idaho, rehabilitation, remote sensing, wildpre

INTRODUCTION (Usk

Man

Wildbre is a common hazard in the semiarid rangelands of man
southeast Idaho. Following wildbre, ground vegetation typi- ecos
cally is changed and can leave the landscape devoid ofparti
cover. These Q) ly undergo areco

series of adverse ecological changes, such as soil erosionpre
invasion by introduced annual grasses (e.g., cheatgrasdrbmus  hum
tectorum] and put-medusap, neg:
and long-term native species decline (Pierson et al. 2002; Hilty ecolc
et al. 2004). Rehabilitation is often necessary after Pre, iden
particularly in areas with high variation of the terrain.  pern
Monitoring how ecological systems respond to rehabilitation 199t
efforts is a critical step for determining long-term sustainability M
of the communities affected and for planning future land rese
management practices. com
Over the years, increasing resources have been devoted to PreHut
rehabilitation efforts through various federal agencies such as vege
the US Department of Agriculture (USDA), Forest Service dest
an
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invasion by introduced annual grasses (e g., chealgras
tectorum] and Medusahead [aeniatherum caput.me
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The Crystal Fire — Atomic City, Idaho
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Assessing the susceptibility of semiarid rangelands to

wildfires using Terra MODIS and Landsat Thematic
Mapper data

Fang Cher®, Keith T. Webef, Jamey Andersoft and Bhushan Gokhaf*

GIS Training and Research Center, Idaho State University, 921 S 8th Avene, Stop 8104,
Pocatello, ID 83200-8104, USA,
o author, Email

Abstract. In order to monitor wildfires at broad spatial scales and with frequent periodicity, satellte remote sensing

“The normalised difference vegetation index (NDVI) and fraction of photosynthetically active radiation (fPAR) are key

NDVI and fPAR, derived
from the Moderate Resolution Imaging Spectroradiometer on-board Terra and Landsat Thematic Mapper imagery, were

rangelands of south-east Idaho respectively. NDVI and fPAR change maps were calculated between active growth and
late-summer senescence periods and compared with precipitation, temperature, forage biomass and percentage ground

cover data. that NDVI and years before the than those 1 year

NDVI
d fPAR have direct implication for the assessment of pr ‘Therefore, rangeland susceptibility to

Furthermore,

ly
in semiarid rangelands.

Additional keywords: biomass burning, fPAR, fuel loads, Idaho, NDVI, remote sensing,

Introduction 2006) (Houghton 1992; Wiedinmyer and Neff 2007; EPA
Rangelands refer 10 expansive, mostly non-cultivated, non2008). Furthermore, following a fie, vegetation communities
irfigated and non-forested lands that include wansition to a very different type due to inva-
savannas and shrublands where livestock grazing is a commaions by non-native species, resulting in a variety of propagated
land use. Rangelands coverd0% of the EarthOs terrestrial indirect effects (Thomas and Davis 1989; Hityal 2004),
surface and play an important role in global ecosystem pro-
ductivity d de Wit 1983; Huntsinger

and global imagery that has been used for many
(Ferandeet al. 1997: Miller and Yool 2002
significant effects on rangeland ecosystem balance, with thioosteret al 2003; Lentileet al 2006; Webeet al. 2008).
most obvious effect being direct effect on vegetation
nities (Mutch 1970; Piersoet al 2002; West and Yorks 2002; have been conducted on active fires and for detecting post-fire
Taylor 2003) burn extent. For example, National Oceanic and Atmospheric
(NOAA) Advanced Very High Resolution
of . resulting in limatic, Radiometer (AVHRR) imagery has been used 1o detect and
ecological and hydrologic hazards (Pierseral. 2002; ity map fire growth (Kennedg al. 1994; Femandeet al 1997;
etal 2004; Collinset al 2006). n adition, biomass burning is Pozoet al 1997; Siegert and Hoffmann 2000). MODIS (Mod-
recognised as an important source of trace gases to the atmerate Resolution Imaging Spectroraciometer) imagery provides
sphere, such as carbon dioxide, methane, carbon

the timing and spatial distribution of fires at
1979; Greenbergt al 1984). These trace gas compounds mayvarious regional and global scales 2003;
rap the heat radiated by the earth and contribue to the greerti et al 2004; Morisetteet al. 2005). In addition, Landsat-5
(TM) and the Landsat-7 Enhanced Thematic
lower 48 states of USA were213 T CQyeal ffom 200210 Mapper Plus (ETH) have been used to determine fire

1 1AwF 2011 10.1071AWF10001 1049-8001/11/050690

2 recovery projects focused on better
siortre along the wildlandBurban interface (WUI), where certain
human  activiies (e.g., prescribed bre and grazing) can
negatively impact and potentially accelerate interrelated
ity ecological changes. The objectives of these projects were to
/e, identity ways to prevent soi erosion, water loss, and the
permanent impairment of ecosystems along the WUI (Gibbons
1995; Ercanoglu et al. 2006).
Many wildbre studies indicate that successful postire
reseeding aids in the rapid establishment of a desired plant
community and assists in the recovery of the ecosystem

ice.destabilizes the soil surface on steep slopes. Reseeded plants
can rapidly stabilize soils and promote water inpliration.
s“§§%§§"§@§'§' successful reseeding treatments can beter control
 FRieIEn and prevent oss of topsoil (Anderson and Brooks 1975;
Beyers 2004). In New Mexico, postbre reseeding decreased soil
niveods, after the Cerro Grande Fire (Miller et al. 2003),
n0GiH1&AY, postire reseeding reduced hill slope erosion after the
2. 1998 North 25 Fire in north central Washington (Robichaud et

RANGELAND ECOLOGY & MANAGEMENT 65(5) September

NASA Godard Space Flight Gen

ment of Interior's Bureauasfd Management (BLM), we propose to build
JOVER decision support system. RECOVER will be an atit@tha

riteria decision aid that brings together in a single applicatie

ned Area EmergencspBese (BAER) teams to plan reseeding strategies
ery in the aftermath of savannaresidfi

eof-the-art cloudbased data management technologies to improve

d provide-sftecific flexibility for each fire. Customized RECORE

y deployed in the AotaEC2 Cloud when a fire is detect®ECOVER's
imically assembled from the existing nieviatata resourceRECOVER

d refresérided fire severityfire intensity, and other producthroughout
dentained BAER teamswill have at hand a complete and retmiyise

:d for the target wildf8ance BAER remediation plans must be completed
:ontainment, RECOVER Haes potential to significantly impre the

s.

focuses on forest wildfilRECOVER adds an important new dimension
focusing on ecosystem rehabilitation in seitisavannas. A novel

ach involves the use of soil areisstimates, which are an important but
)odtre rehabilitation planningwWe will use downscaled soil moisture data
‘ational sources culyeailable to begirevaluating the use of soil

The National Invasive Species
Forecasting System:
A Strategic NASA/USGS Partnership to Manage Bz'ological Invasions

By John L. Schnase, Thomas J. Stohlgren and James A. Smith

TM-TasseledCap Fire Severity Levels

Derived Skope Elevation Vegetation Cover Types  Spatial Staistcal Map,

Remotely sensed data plays a critical role in dealing with the problem of invasive species.
NASA currently p asuroments from Terra, Landsat 7, QuickSCAT, Jason and other

Norway rats cause up  $19 billion  groups. The National Research Council's Committee on Grand
has ideniified increased
o and ccosysten fun

Challenges in Enviroamental Scien

13




The RECOVER System

¥ RECOVER brings together in a single
application the information necessary
for BAER team post-fire rehabilitation
decision-making and long-term
ecosystem recovery monitoring.

¥ RECOVER is a web mapping application
and multi-criteria decision aid that
integrates information about fire
severity and intensity with other types
of data to help BAER teams plan
reseeding strategies in the aftermath
of savanna wildfires.

¥ Major system components:

1. RECOVER Clients- Desktop and mobile
interfaces that are able to connect to
the RECOVER Server.

2. RECOVER Server - A cloud-based data
management system that automatically
aggregates site-specific data from a
distributed collection of relevant web-
accessible resources.

GIS TReC leading!
client-side !
development

GIS TReC, BLM, IDL, and
NASA together are
identifying important

data sets, workflows, and
decision products ...

NASA leading !
server-side !
development

RECOVER

Ecosystem Recovery Maps

amazon
webservices"
(G N\
Microservices
iCAT Metadata
Workflow Rules
iRODS 2.5 AE
SLES 11 SP 1
RECOVER Data Server
A
Site-Specific
Data / Products
. J/

R

SMAP

Landsat MODIS SRTM AMSR-E
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The RECOVER System

The typical RECOVER use = RN
scenario goes as follows:

1. A request containing the
wildfire name and spatial
extent is sent to the
RECOVER Server.

2. The RECOVER server
connects through web
services to various data
resources and automatically
collects tailored, site-
specific data and derived
products.

3. These staged, aggregated products are
refreshed as needed to maintain coverage
and currency throughout the burn.

4. When the fire is contained, all the data layers, the
RECOVER Server, and the RECOVER Clients are
Immediately ready for use by BAER Teams ...

amazon
web services"

Landsat

MODIS

- | .

SRT™M AMSR-E SMApP
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Sign on to the RECOVER Server

Account Information

Host/IP : ec2-23-22-45-207.compute-1.;

The RECOVER Server ¢ m

¥ Uses IRODS data grid software to manage site- Zone: RECOVER_z0ne
specific data and metadata.
IRODS = Integrated Rule-Oriented Data System

I RECOVER V0.1 Beta Test / Experimental Prototype

- Background E/M%/vw( Boscanch Ocriten @, g -@-

¥ Open source data grid software system.

¥ Developed by the Data Intensive Cyber Environments (DICE) !

group, University of North Carolina.

¥ Historic roots in data grids, digital libraries, persistent archives, ! WwWw.irods.org

and real-time data systems R&D, and SRB.

Features

¥ Targets large repositories, large data objects, digital preservation, and
integrated complex processing.

¥ Supports server-side workflows implemented by chaini  ng execution rules
together based on data policies.

¥ Enables scalability and extensibility.

Major Concepts
¥ Policies => iIRODSrules.

¥ Mechanisms => iIRODSmicroservices.

With iIRODS metadata providing the information necessary to perform these
mappings ....

: o




The RECOVER Server

¥ |s deployed in the Amazon Elastic Compute
Cloud (EC2).

¥ Assembles and manages a variety of data:

Step 1: Core Data Sets (Automatically Assembled)
Normalized Burn Ratio (NBR)

Normalized Difference Vegetation Index (NDVI)
Fraction of Photosynthetically Active Radiation (fPAR)
Net Primary Production (NPP)

Topography Aspect (TA)

Topography Elevation (TE)

Topography Slope (TS)

Soil Texture (ST)

Soil K Factor (SKF)

Biophysical Setting (BPS)

Geology (GEO)

Existing Vegetation Cover (EVC)

Existing Vegetation Type (EVT)

I|Environmental Type Potential (ETP)

Step 2: Derived / Ancillary (Collected and Added Ma ___nually)
Difference in Normalized Burn Ratio (dNBR)

Fire Severity (FS)

Fire Intensity (FI)

Fire Regime Condition Class (FRCC)

FRCC Percent Departure (dFRCC)

Historic Fires 1936-2012 (HO)

Historic Fires 2002-2012 (H1)

Landsat MODIS SRTM AMSR-E SMAP
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The RECOVER Server

¥ Is deployed in the Amazon Elastic Compute
Cloud (EC2).

¥ Assembles and manages a variety of data:

Step 3 Data_- Short-Term DSS Products
Rehabilitation Priority Maps (RPMs)
[Derived product composed of Step 1 and Step 2  inputs.]

Step 4 Data_- Long-Term DSS Products
Ecosystem Recovery Maps (ERMS)
[Derived product composed of periodic fPAR meas urements.]

Experimental Data Sets

Evapotranspiration (modisET) <= Placeholder for SMAP Data
Soil Moisture (amsreSM)

?oil Moisture (smapSM)

Historic Temperature (merraHT) <= Placeholder for MERRA Reanalysis Data
Historic Precipitation (merraHP)

Historic Temperature (ecmwfHT)

Historic Precipitation (ecmwfHP)

Historic Temperature (ncepHT)

I|-|istoric Precipitation (ncepHP)

Future Temperature (goes5FT) <= Placeholder for GEOS-5 Climate Model Data
Future Precipitation (goes5FP)

Future Temperature (modeleFT)

Future Precipitation (modeleFP)

Landsat

18
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The RECOVER Client

¥ Adobe Flex Web Mapping Application

- Connects to the RECOVER Server

through a web services interface. !
(Eventually - right now we just use iDrop.)

- Allows site-specific data layers to be
viewed and interrogated in a variety of
ways.

- Accommodates a wide range of base
layers.

- Additional information to aid in analysis
can be uploaded through the RECOVER
Client.

- Professional, high-quality, high-
resolution maps can be easily
generated.

¥ Mobile Clients

- Prototype RECOVER Client designed for
desktop and laptop use ... !
!
... but we are beginning to work on
mobile clients.
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RECOVER Server Demo
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RECOVER Client Demo
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