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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 

!
Wildfire front  

¥ Wood is dried as water is vaporized (212 ¡F)  
¥ Wood pyrolysis releases flammable gasses (450 ¡F) 

¥ Wood smolders, burns without flame (590 ¡F)*  

¥ Wood ignites, burns with flame (1000 ¡F)*  

¥ Flame warms air on leading edge of front (>1500 ¡F) 
¥ Process feeds forward ... 

!
Wildfire forward rate of speed (FROS)  

¥ ~6.7 mph in forests 
¥ ~14 mph in grasslands 
¥ with flaking, backing, jumping ...

Wildfire Physics
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Chlorophyll ... 
¥ Absorption Ð Yellow/red and blue/violet (visible) 
¥ Reflectance Ð Green (visible) and near infrared (invisible) 

Plant Physiology

700 nm 680 nm 425 nm450 nm

Chlorophyll bChlorophyll a

1100 Ð 700 nm 625 Ð 475 nm
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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 1000 m2. 

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

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



600 nm 500 nm 400 nm700 nm14,000 nm

...

...

4000 nm!
(620¡F, burning without flame)

1650 nm!
(1340¡F, burning with flame)

MODIS 
Wavelength Range

1100 Ð 700,!
625 Ð 475 nm!

(chlorophyll reflectance)

450 Ð 425,!
700 Ð 680 nm!

(chlorophyll absorption)

FIRE INTENSITY VEGETATION

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



MODIS Ð Fire Intensity and Vegetation Ð 2012
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MODIS Ð Fire Intensity and Vegetation Ð 2012
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High intensity !
Þres in eastern Idaho !
(August, September)

Followed by "
central US !

(April)

Followed by coastal "
regions of Mexico !

(May, June)

Late season Þres in !
south central Canada !

(October)

Fire season began early !
in the southeastern US !

(March)

MODIS Ð Fire Intensity and Vegetation Ð 2012
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What's our risk? !
!

There's always!
a chance, but 

we're a whole lot 
better off than a 
lot of places ...

High intensity !
Þres in eastern Idaho !
(August, September)

Followed by "
central US !

(April)

Followed by coastal "
regions of Mexico !

(May, June)

Late season Þres in !
south central Canada !

(October)

Fire season began early !
in the southeastern US !

(March)

MODIS Ð Fire Intensity and Vegetation Ð 2012
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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.  
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Wildfire Response  

¥ After a major wildfire, law requires 
that the federal land management 
agencies certify a comprehensive plan 
for public safety, burned area 
stabilization, resource protection, and 
site 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  

 
 

BURNED AREA 
EMERGENCY STABILIZATION 

and REHABILITATION 

United States 
Department of the Interior 

Bureau of Land Management 

 

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

- Idaho 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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Abstract
Successful postÞre 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 postÞre remediation is critical, few
efforts have been made to leverage existing geospatial technologies to develop methodologies to assess reseeding success
following a Þre. In this study, Terra Moderate Resolution Imaging Spectroradiometer (MODIS) satellite data were used to
improve the capacity to assess postÞre 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 occurred (P, 0.05). We conclude
that MODIS provides useful data to assess the success of postÞre reseeding.

Resumen
Esfuerzos exitosos de resiembra post-fuego pueden ayudar a los ecosistemas de pastizales para regenerarse ra«pidamente,
estableciendo una comunidad deseable de plantas y reduciendo la probabilidad de infestaci«on de plantas invasivas. Mientras el
e«xito del mejoramiento post-fuego es crucial, pocos esfuerzos se han hecho para aprovechar las tecnolog«õas geospeciales
existentes para desarrollar metodolog«õas encaminadas a medir el e«xito en la resiembra despue«s de la presencia de fuego. En este
estudio, informaci«on de sate«lite Terra Moderate Resolution Imaging Spectroradiometer (MODIS) se us«o para mejorar la
capacidad de determinar los trabajos de rehabilitaci«on post-fuego, con un particular e«nfasis en los pastizales semia«ridos de
Idaho. Ana«lisis de informaci«on de MODIS demostraron un efecto positivo de resiembra en la recuperaci«on de los ecosistemas de
pastizales as«õ como en diferencias en vegetaci«on entre a«reas resembradas y a«reas quemadas donde la resiembra no ha ocurrido
(P, 0.05). Se concluy«o que MODIS provee informaci«on «util para determinar el e«xito de las resiembras post-fuego.

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

INTRODUCTION

WildÞre is a common hazard in the semiarid rangelands of
southeast Idaho. Following wildÞre, ground vegetation typi-
cally is changed and can leave the landscape devoid of
vegetative cover. These communities frequently undergo a
series of adverse ecological changes, such as soil erosion,
invasion by introduced annual grasses (e.g., cheatgrass [Bromus
tectorum] and Medusahead [Taeniatherum caput-medusae]),
and long-term native species decline (Pierson et al. 2002; Hilty
et al. 2004). Rehabilitation is often necessary after Þre,
particularly in areas with high variation of the terrain.
Monitoring how ecological systems respond to rehabilitation
efforts is a critical step for determining long-term sustainability
of the communities affected and for planning future land
management practices.

Over the years, increasing resources have been devoted to Þre
rehabilitation efforts through various federal agencies such as
the US Department of Agriculture (USDA), Forest Service

(USFS), the US Department of the InteriorÐBureau of Land
Management (BLM), and the National Park Service (NPS), and
many efforts have been made to monitor postÞre recovery of
ecosystems in southeast Idaho (Beyers 2004; Weber 2010). In
particular, the USFS, BLM, and NPS have proposed a series of
recovery projects focused on better understanding the effects of
Þre along the wildlandÐurban interface (WUI), where certain
human activities (e.g., prescribed Þre and grazing) can
negatively impact and potentially accelerate interrelated
ecological changes. The objectives of these projects were to
identify ways to prevent soil erosion, water loss, and the
permanent impairment of ecosystems along the WUI (Gibbons
1995; Ercanoglu et al. 2006).

Many wildÞre studies indicate that successful postÞre
reseeding aids in the rapid establishment of a desired plant
community and assists in the recovery of the ecosystem
(Hubbard 1975; Beyers 2004). Fires consume the protective
vegetation and organic litter cover from hillsides, which
destabilizes the soil surface on steep slopes. Reseeded plants
can rapidly stabilize soils and promote water inÞltration.
Furthermore, successful reseeding treatments can better control
erosion and prevent loss of topsoil (Anderson and Brooks 1975;
Beyers 2004). In New Mexico, postÞre reseeding decreased soil
loss after the Cerro Grande Fire (Miller et al. 2003), and
similarly, postÞre reseeding reduced hill slope erosion after the
1998 North 25 Fire in north central Washington (Robichaud et
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PROPOSAL SUMMARY  

In partnership with the Department of Interior's Bureau of Land Management (BLM), we propose to build 
and evaluate the prototype RECOVER decision support system. RECOVER will be an automatically 
deployable, site-specific multi-criteria decision aid that brings together in a single application the 
information necessary for Burned Area Emergency Response (BAER) teams to plan reseeding strategies 
and monitor ecosystem recovery in the aftermath of savanna wildfires.  
 RECOVER will use state-of-the-art cloud-based data management technologies to improve 
performance, reduce cost, and provide site-specific flexibility for each fire. Customized RECOVER 
instances will be automatically deployed in the Amazon EC2 Cloud when a fire is detected. RECOVER's 
decision products will be dynamically assembled from the existing network of data resources. RECOVER 
will automatically generate and refresh derived fire severity, fire intensity, and other products throughout 
the burn so that when the fire is contained, BAER teams will  have at hand a complete and ready-to-use 
RECOVER system customized for the target wildfire. Since BAER remediation plans must be completed 
within 14 days of a wildfire's containment, RECOVER has the potential to significantly improve the 
BAER decision-making process.  
 Most work in this area focuses on forest wildfires. RECOVER adds an important new dimension 
to post-fire decision-making by focusing on ecosystem rehabilitation in semiarid savannas. A novel 
aspect of RECOVER's approach involves the use of soil moisture estimates, which are an important but 
difficult -to-obtain element of post-fire rehabilitation planning. We will use downscaled soil moisture data 
from the three primary observational sources currently available to begin evaluating the use of soil 
moisture products in BAER decision-making and to build the technology needed for RECOVER to 
manage future SMAP products. As a result, RECOVER, BLM, and the BAER applications community 
will be ready customers for data flowing out of new NASA missions, such as NPP, LDCM, and SMAP.  
  

Assessing the susceptibility of semiarid rangelands to
wildfires using Terra MODIS and Landsat Thematic
Mapper data

Fang ChenA,B, Keith T. WeberA, Jamey AndersonA and Bhushan GokhalA

AGIS Training and Research Center, Idaho State University, 921 S 8th Avenue, Stop 8104,
Pocatello, ID 83209-8104, USA.
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Abstract. In order to monitor wildfires at broad spatial scales and with frequent periodicity, satellite remote sensing
techniques have been used in many studies. Rangeland susceptibility to wildfires closely relates to accumulated fuel load.
The normalised difference vegetation index (NDVI) and fraction of photosynthetically active radiation (fPAR) are key
variables used by many ecological models to estimate biomass and vegetation productivity. Subsequently, both NDVI and
fPAR data have become an indirect means of deriving fuel load information. For these reasons, NDVI and fPAR, derived
from the Moderate Resolution Imaging Spectroradiometer on-board Terra and Landsat Thematic Mapper imagery, were
used to represent prefire vegetation changes in fuel load preceding the Millennial and Crystal Fires of 2000 and 2006 in the
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. The results indicate that NDVI and fPAR value changes 2 years before the fire were greater than those 1 year
before fire as an abundance of grasses existed 2 years before each wildfire based on field forage biomass sampling. NDVI
and fPAR have direct implication for the assessment of prefire vegetation change. Therefore, rangeland susceptibility to
wildfire may be estimated using NDVI and fPAR change analysis. Furthermore, fPAR change data may be included as an
input source for early fire warning models, and may increase the accuracy and efficiency of fire and fuel load management
in semiarid rangelands.

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

Introduction

Rangelands refer to expansive, mostly non-cultivated, non-
irrigated and non-forested lands that include grasslands,
savannas and shrublands where livestock grazing is a common
land use. Rangelands cover, 40% of the EarthÕs terrestrial
surface and play an important role in global ecosystem pro-
ductivity (Breman and de Wit 1983; Huntsinger and Hopkinson
1996). Wildfires are common in rangelands worldwide and have
significant effects on rangeland ecosystem balance, with the
most obvious effect being direct effect on vegetation commu-
nities (Mutch 1970; Piersonet al. 2002; West and Yorks 2002;
Taylor 2003). In a wildland fire, fuel is composed nearly entirely
of vegetation and severe fires can leave entire landscapes devoid
of vegetative cover, resulting in numerous significant climatic,
ecological and hydrologic hazards (Piersonet al. 2002; Hilty
et al. 2004; Collinset al. 2006). In addition, biomass burning is
recognised as an important source of trace gases to the atmo-
sphere, such as carbon dioxide, methane, carbon monoxide,
nitrogen dioxide and non-methane hydrocarbons (Crutzenet al.
1979; Greenberget al. 1984). These trace gas compounds may
trap the heat radiated by the earth and contribute to the green-
house effect (e.g. average annual CO2emissions from fires in the
lower 48 states of USA were, 213 Tg CO2 year! 1 from 2002 to

2006) (Houghton 1992; Wiedinmyer and Neff 2007; EPA
2008). Furthermore, following a fire, vegetation communities
may transition to a very different community type due to inva-
sions by non-native species, resulting in a variety of propagated
indirect effects (Thomas and Davis 1989; Hiltyet al. 2004).

Satellite remote sensing is an evolving technology providing
regional and global imagery that has been used for many
wildfire studies (Fernandezet al. 1997; Miller and Yool 2002;
Woosteret al. 2003; Lentileet al. 2006; Weberet al. 2008b).
These studies include both observational and modelled data and
have been conducted on active fires and for detecting post-fire
burn extent. For example, National Oceanic and Atmospheric
Administration (NOAA) Advanced Very High Resolution
Radiometer (AVHRR) imagery has been used to detect and
map fire growth (Kennedyet al. 1994; Fernandezet al. 1997;
Pozoet al. 1997; Siegert and Hoffmann 2000). MODIS (Mod-
erate Resolution Imaging Spectroradiometer) imagery provides
thermal anomalies and fire products to meet the requirements of
understanding the timing and spatial distribution of fires at
various regional and global scales (Woosteret al. 2003;
Li et al. 2004; Morisetteet al. 2005). In addition, Landsat-5
Thematic Mapper (TM) and the Landsat-7 Enhanced Thematic
Mapper Plus (ETM" ) have been used to determine fire
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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.

MODIS AMSR-ESRTMLandsat SMAP

GIS TReC leading!
client-side !

development

NASA leading !
server-side !
development

GIS TReC, BLM, IDL, and 
NASA together are 

identifying important 
data sets, workflows, and 

decision products ...
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The RECOVER System 

The typical RECOVER use 
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.

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 ...

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

¥ Uses iRODS data grid software to manage site-
specific data and metadata. 

iRODS = Integrated Rule-Oriented Data System 

! Background 

¥ 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, !
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 => iRODS rules. 

¥ Mechanisms => iRODS microservices.  

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

www.irods.org
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The RECOVER Server 

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

¥ Assembles and manages a variety of data:

MODIS AMSR-ESRTMLandsat SMAP. . . . . .

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) 
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 (H0) 
Historic Fires 2002-2012 (H1)
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MODIS AMSR-ESRTMLandsat SMAP. . . . . .

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)                 
Soil Moisture (smapSM) 
!
Historic Temperature (merraHT)  <= Placeholder for MERRA Reanalysis Data   
Historic Precipitation (merraHP)  
Historic Temperature (ecmwfHT) 
Historic Precipitation (ecmwfHP) 
Historic Temperature (ncepHT) 
Historic Precipitation (ncepHP) 
!
Future Temperature (goes5FT) <= Placeholder for GEOS-5 Climate Model Data       
Future Precipitation (goes5FP)     
Future Temperature (modeleFT) 
Future Precipitation (modeleFP)
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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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