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Executive Summary

The LANDFIRE National Project (LF_1.0.0) was successfully completed in 2009. The goal of LANDFIRE
National was to generate consistent 2001 vintage 30 meter spatial data sets for all 50 States for fire and
other natural resource applications. This report highlights results from the continuation of LANDFIRE as
a program to update the spatial data layers through 2008. The focus of this phase of the program was
to improve the data products and account for vegetation change across the landscape caused by
wildland fire, fuel and vegetation treatments, and management. In addition, changes caused by insects
and disease, storms, invasive plants, and other natural or anthropogenic events were incorporated
when data were available. This report describes the LANDFIRE 2001/2008 Refresh effort to update
existing map layers to reflect more current conditions, focusing primarily on vegetation changes. The
effort incorporated user feedback and new data, producing two comprehensive Refresh data product
sets:

1. LANDFIRE 2001 Refresh (LF_1.0.5) enhanced LANDFIRE map layers by incorporating
user feedback and additional data to provide a foundation to update data to 2008. It
was also designed to provide users with a data set to help facilitate comparisons
between 2001 and 2008 (i.e. Refresh LF_1.1.0) data sets.

2. LANDFIRE 2008 Refresh (LF_1.1.0) updated map layers to reflect vegetation changes
and disturbances that occurred between 1999 and 2008.

In this report, we (1) address the background and provide details pertaining to why there are two
Refresh data sets, (2) explain the requirements, planning, and procedures behind the completion and
delivery of the updated products for each of the data product sets, (3) show and describe results, and
(4) provide case studies illustrating the performance of LANDFIRE National, LANDFIRE 2001 Refresh and
LANDFIRE 2008 Refresh (LF_1.1.0) data products on some example wildland fires.
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Introduction

1.0 Introduction

1.1 LANDFIRE Program

LANDFIRE (LF), also known as Landscape Fire and Resource Management Planning Tools, is a joint
program between the wildland fire management programs of the United States Department of
Agriculture (USDA) Forest Service (USFS) and the United States Department of the Interior (DOI),
including the following bureaus: the U.S. Geological Survey (USGS), the Bureau of Indian Affairs (BIA),
the Bureau of Land Management (BLM), the Fish and Wildlife Service (FWS), and the National Park
Service (NPS). The Nature Conservancy (TNC) serves as a cooperating partner. LF applies consistent
methodologies and processes to create comprehensive spatial data and models describing vegetation
and wildland fire/fuel characteristics across the United States. Mapped data products are based on
Landsat satellite imagery and an extensive database of field-reference data, including USFS Forest
Inventory Analysis (FIA) data.

LF provides the first implementation of methodologies and processes to develop and combine
intermediate scale (30 m) spatial vegetation and fire information consistently across the entire United
States. Such a suite of integrated vegetation, fuel, and fire regime data sets has not previously been
created by the public or private sectors. LF data products facilitate National and regional (large
landscape level) fire planning activities and the reporting of wildland fire management activities. LF
products provide managers with the data needed for collaborative, landscape-scale, cross-boundary,
interagency planning and implementation. LF data support land management to 1) identify fuel where
fire hazards and fire risks to local communities may be located, 2) identify vegetation and fuel
conditions where rehabilitation may benefit fire-dependent landscapes, 3) prioritize resources for
national budget formulation and allocation, and 4) enhance management knowledge of fire behavior to
improve firefighting safety. Programs within the wildland fire community that use LF data include the
National Cohesive Wildland Fire Management Strategy, the Wildland Fire Decision Support System, Fire
Program Analysis, and the Hazardous Fuel Prioritization and Allocation System.

While LF has proven highly valuable for the wildland fire community, it also provides value for other land
management disciplines. LF data products provide an informational foundation that supports many
diverse applications, including land management planning, environmental analyses, biological
evaluations, monitoring, and resource assessments. Moreover, LF data are being considered as a key
information input to a range of Federal interagency carbon sequestration and climate research
initiatives. LF products are used in the land and resource management domains for setting strategic
direction, supporting resource and staffing determinations, designing conservation management
activities, and assessing risks to the environment and communities.

1.2 LANDFIRE Versions

In an effort to address user feedback and leadership direction, the LF team started from the base
collection of data products developed during the LF National Project (circa 2001) to provide an updated
collection of LF products. As such, different versions of LF data products were developed, requiring the
creation of a data versioning specification. The data versioning table, available on the LF website
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(http://www.landfire.gov/version comparison.php), assists users in understanding the differences

among the various versions of LF data available on the LF Data Distribution Site (DDS). When LF data
products are updated in the future, most of the versions currently available will be removed from the
DDS and archived. Previous versions will be made available upon request. At any given point in time,
there will be at most three versions of the data products available from the DDS. These will remain
available for download on the DDS until the next product update has been completed.

1.2.1 LANDFIRE National (LF 1.0.0) circa 2001

LF National (LF_1.0.0) constitutes the first complete LF mapping of all geospatial data products for the
Nation. LF National was a five-year project that incorporated Landsat imagery from 1999 through 2003
(circa 2001) and delivered data on vegetation characteristics and condition, fire behavior and effects,
fuel models, historical fire regimes, and fire regime conditions class for the United States in 2009. In this
report, we refer to this data set simply as “LANDFIRE National” or “LF National.” The final deliverables
for LF National included all of the layers required to run fire behavior models, such as the Fire Area
Simulator (FARSITE; Finney, 2004). Methods used were consistent and repeatable across all ownerships
nationwide. The consistent and comprehensive nature of LF National methods ensured that data were
nationally relevant, while the 30-meter grid resolution assured that data had local application. A
modified suite of the LF National data products was delivered for Alaska and Hawaii.

1.2.2 LANDFIRE 2001 (LF 1.0.5) and 2008 (LF 1.1.0) Refresh

The LF 2001/2008 Refresh represents the initial effort to enhance and update LF layers to maintain the
currency of the data sets across all 50 States. These versions were produced in tandem, starting in fall
2009 with the LF 2001 Refresh (LF_1.0.5), and finishing in calendar year 2011 with the LF 2008 Refresh
(LF_1.1.0). LF 2001/2008 enhancements and updates were developed to facilitate comparative
analyses, evaluate trends, and potentially monitor changes over time. In this report, we use the
following simplified terminology.

When the enhancement and update segments are referred to individually, we use:

e (enhancements) “LANDFIRE 2001” or “LF 2001” for LANDFIRE 2001 Refresh (LF_1.0.5)
e  (updates) “LANDFIRE 2008” or “LF 2008” for LANDFIRE 2008 Refresh (LF_1.1.0)

When we refer to both of these segments together in a generic fashion, we use:

e “LANDFIRE 2001 and 2008” or “LANDFIRE 2001/2008”
e “LF 2001 and LF 2008" or “LF 2001/2008"

The LF 2001 version was implemented to enhance the LF National data set and provide a foundation
upon which to build the updated geospatial data set.

The LF 2008 version was implemented to update the LF National data set to reflect changes from recent
(1999-2008) natural disturbances (such as wildland fires) and management activities using Landsat
imagery.

1.3 LANDFIRE 2001/2008
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The LF 2001 and LF 2008 components of the LF Program sustain and extend the investment value of the
original LF National data products with enhancements and updates to the LF spatial data suite. LF 2001
addressed vegetation discrepancies and areas of concern detected after the initial mapping effort.
Problems with LF National products identified by users included discrepancies in vegetated versus non-
vegetated lands, vegetation/land use categories, vegetation structure, and water/riparian attribution.
Enhancements to address these discrepancies were requested by stakeholders that use LF data. The
map layers were enhanced in LF 2001 by leveraging additional data sources, such as Soil Survey
Geographic (SSURGO) data.

LF 2008 focused on updates to the suite of LF data products to reflect 2008 conditions. This focus was
on updating landscape-level vegetation changes, such as those resulting from wildland fire, fuel and
vegetation / silvicultural treatments, mortality from insects and disease, storm damage, invasive plants,
and other natural or anthropogenic events where relevant data were available that occurred in the
years from 1999 - 2008. To create LF 2008 products, Landsat imagery was used to detect vegetation
change and landscape disturbance. A collection of recent natural disturbance and land management
activities was compiled and stored in a spatial database. These products were combined along with
other data sets to update existing vegetation and fuel layers. These updated vegetation and fuels layers
were then used to update other LF data products. LF 2008 did not use new imagery to remap the entire
landscape only to identify vegetation change or disturbance. To update products, LF 2001/2008
leveraged information and comments received through various sources, such as the LF help desk
(http://www.landfire.gov/contactus.php), after action reviews, fuel calibration workshops, and lessons

learned examples. LF 2001/2008 products have been used as inputs to strategic wildland fire
management decision support systems and are expected to improve the relevance and reliability of the
outcomes generated by these systems.

Nine geographic areas (GeoAreas; Figure 1) were defined to include all of the original mapping zones
used from the National Land Cover Database (NLCD; based loosely on Omernik, 1987) for use in the LF
National effort. The application of mapping zones as a pre-classification stratification method has been
used in many mapping approaches (Homer et al. 1997; Homer et al. 2004). Research has shown that
carefully defined mapping zones maximize spectral differentiation, provide a means to facilitate
partitioning the workload into logical units, simplify post-classification modeling and improve
classification accuracy (Homer et al. 2004). The GeoAreas were not intended to represent standardized
analysis units or reporting extents. The primary purpose of the GeoAreas and mapping zones was to
define ecologically relevant divisions for data acquisition and production planning.
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Figure 1 - Map of LF 2001/2008 GeoAreas according to the schedule. This image shows the nine GeoArea
boundaries, which are composed of National Land Cover Database 2001 mapping zones (numbered units);
state boundaries are included for reference. GeoArea numbers and corresponding colors relate to the
schedule in Table 1 below.

1.4 LANDFIRE 2001/2008 Statement of Work and Work
Breakdown Structure

LF 2001/2008 used conventional best practices in project and program management to address the
organizational structure, scheduling, and implementation procedures. The effort was faced with
uncertainties common to many initiatives in the public and private sectors with regard to funding
availability for elements within and outside of the scope of the program, contract acquisition, and
prioritization of requirements that would shape the final suite of deliverables.

A statement of work (SOW) approach was used to define the scope of LF 2001/2008 and the data
products to be delivered. In essence, the SOW included the development of comprehensive
documentation describing the general methodological approach required to develop the suite of LF
2001/2008 intermediate and final products (deliverables). The SOW also included guidelines for quality
assurance and quality control procedures, program management and program performance standards,
estimates of overall duration, and an independent estimate of cost to the government for the defined
scope of work.

A primary element of the SOW was a structured index and definition of work segments and deliverable-
scheduled milestones. This structure is referred to as a Work Breakdown Structure (WBS) —also a
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standard best practice in program planning and management — and is used for effective organization
and management of work activities. The SOW document and WBS organization drew upon lessons
learned and program management artifacts developed during the completion of the LF National project
and the LF 2007 Rapid Refresh project. A summary display of the actual project results in terms of
scheduled initiation and completion of project milestones is provided in Figure 2 below. A description of
the project milestones (such as GeoAreas and Group A and Group B product segments as outlined in
Table 2) is provided in detail in section 1.5 of this report.

FY2009  FY2010 FY2011 FY2012
Project / Milestone Segment Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtra Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1
NATIONAL Completion !
REERESH Intitial Kickoff y N
SOUTHEAST Group A and 8 A_ ________ !
PACIFIC NORTHWEST  Group A A_ ’
Group 8 PRSI S S S ' A

PACIFIC SOUTHWEST  Group A A

Group B ‘ '

SOUTHWEST Group A A i e e e e e ! '

Group 8 A
NORTH CENTRAL GroupaA 7 IR L
Group 8 A
SOUTH CENTRAL Group A L
Group B e e
NORTHEAST Group A _A
Group 8 PR AN
ALASKA & HAWAII Group A Ty N A, '
Group 8 A ! )
R rash GO O I o i i i e i s s e e e i e e !_ =
LEGEND A Comprehensive Project Kick Off Comprehensive Project Completion

A Major Milestone Kick Off Major Milestone Completion

Project / Milestone In progress

Figure 2 - LF 2001/2008 Gantt chart. This is a summary display of the actual results of the start and finish
dates of the milestones and segments [such as GeoArea and Group A and Group B products]. These
milestones and segments compose the WBS discussed in Section 1.4.

The LF 2001/2008 effort was challenged by external factors such as mandatory work stoppages related
to contractual reviews at the USFS and access to a range of qualified vendors through contract vehicles
at both DOI component agencies and the USFS. Moreover, evolving management requirements resulted
in longer periods of time required to complete processes for conducting full and open competitive
bidding and finalizing vendor selection and formal work kickoff. Nonetheless, the use of comprehensive
SOW documentation and WBS organization permitted the LF Program to segment certain elements of
development work and allocate these elements to vendor organizations that were best qualified and
able to complete the LF 2001/2008 work at an optimal combination of cost, quality, and schedule
performance.

At the inception of the LF 2001/2008 effort, there was a tight interdependency in scheduling between LF
2001/2008 and the Monitoring Trends in Burn Severity (MTBS) project (Eidenshink et. al 2007). As
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noted in detail throughout this GeoArea report, LF 2001/2008 used data such as the MTBS mapping
products to characterize the landscape changes reflected in LF 2001/2008 data layers. Thus, the
structure of LF 2001/2008 production activities as well as product releases were linked to the
organization of the original MTBS production schedule, which was segmented by geographic regions
across the conterminous United States (CONUS).

1.5 LANDFIRE 2001/2008 Spatial Products

LF 2001/2008 was originally estimated to span 24 months and involve over 500 unique tasks to
deliver updated LF data layers. The update was highly dependent upon field data in the form of
landscape change polygons and other information regarding landscape conditions. LF partitioned
the delivery of the updated LF 2001/2008 products into two segments, "Group A" and "Group B,”
to facilitate management direction and the fulfillment of user needs. The staggered release of
products by GeoArea (Table 1) and grouping of data products (Table 2) was determined to be the
most practical approach with respect to scope limitations, cost considerations, and contractual
circumstances.

Table 1 - LF 2001/2008 product delivery schedule listing the nine GeoAreas as represented above in Figure
1 and delineating delivery of “Group A” and Group “B” data sets.

Table 1. LF 2001/2008 Schedule
Geographic Area Group A Group B

Southeast 4th Qtr. 2010

4th Qtr. 2010

Pacific Northwest

15t Qtr. 2011

3rd Qtr. 2011

Pacific Southwest

2nd Qtr. 2011

3rd Qtr. 2011

Southwest

2nd Qtr. 2011

3rd Qtr. 2011

North Central

2nd Qtr. 2011

31 Qtr. 2011

South Central

3rd Qtr. 2011

3rd Qtr. 2011

Northeast 3rd Qtr. 2011 3rd Qtr. 2011
Alaska 3rd Qtr. 2011 4th Qtr. 2011
Hawaii 3rd Qtr. 2011 4t Qtr. 2011
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Table 2 - LF 2001/2008 list of data products and how they were grouped (Group A and Group B) to facilitate

management direction and user needs.

Table 2. LF 2001/2008 Products and Groupings

Group A

Group B

Fire Behavior Fuel Model 13 (FBFM13)
Fire Behavior Fuel Model 40 (FBFM 40)

Canadian Forest Fire Danger Rating System
(CFFDRS) (Alaska Only)

Forest Canopy Bulk Density (CBD)
Forest Canopy Base Height (CBH)
Forest Canopy Cover (CC)

Forest Canopy Height (CH)

Fuel Characteristic Classification System
Fuelbeds (FCCS)

Existing Vegetation Type (EVT)
Existing Vegetation Cover (EVC)
Existing Vegetation Height (EVH)

Biophysical Settings (BpS)
Vegetation Condition Class (VCC)
Vegetation Departure Index (VDEP)
Fire Regime Groups (FRG)

Mean Fire Return Interval (MFRI)
Percent Low Severity Fire (PLS)
Percent Mixed Severity Fire (PMS)
Percent Replacement Severity Fire
(PRS)

Fuel Loading Models (FLM)
Succession Classes (SCLASS)
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2.0 LANDFIRE 2001 and 2008 Methods and Results

2.1 Geographic Area Description

The Southeast (SE) GeoArea consists of eight mapping zones encompassing Florida, Alabama and large
portions of Mississippi, Louisiana, Georgia as well as small portions of Arkansas, North Carolina, South
Carolina, Tennessee and Texas — approximately 214 million acres. The NLCD mapping zones within the
SE GeoArea are listed in Table 3. The ownership of the SE GeoArea is depicted in Figure 3.

Table 3- SE GeoArea mapping zone numbers (see below Figure 3) and titles as labeled by the NLCD program.

Table 3. Southeast GeoArea Mapping Zones

Mapping Zone Mapping Zone Name
37 Ouachita Hills
46 Gulf Plains
48 Cumberland Highlands
54 Southern Piedmont
55 Southeastern Coastal Plain
56 Floridian Coastal Plain
98 Mississippi Delta
99 Coastal Gulf Plains

Land Ownership of the Northeast ~ Protected
Areas Database of the United States

I 1§ P

Protected Areas Databuse of the United States (PADUS) version 1.2
Provided by the USGS Gap Analysis Program (GAP)

Pubkcation Dase: Fetwuary 22, 201t
e ~ Neén-Ooveromental
- FederaiLang " Organization Land
o S Land Privaw Land

Goo-Mapping-Lone
Regrooal Agency Land N goundaries
Loce Governmunt Lisd S Bl Bouadaries

0 =i
T —
0 s = P ars we

Figure 3 - Land ownership categories for the SE GeoArea.
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Within a given GeoArea, land ownership is important because the condition of the landscape, including
disturbances, may be a direct result of ownership mission and management activities. A summary of
land ownership segmentation across the SE GeoArea is provided in Table 4.

Table 4 - Categories of land ownership, number of acres, and percentages of total GeoArea by category for
the LF SE GeoArea.

Table 4. Acreage of Land Ownership Categories for the SE GeoArea.

Percent of
Land Ownership Acres GeoArea
Federal Government 11,555,468 5.2
Non-Governmental Organizations/Private 267,028 0.1
Local Government 27,503 0.0
Private 200,680,240 91.1
State Government 7,663,191 3.5
Tribal 29,028 0.0
Total 220,222,458 100.0

2.2 LANDFIRE Reference Database

2.2.1 Product Description

LF 2008 mapping was supported by a large database of field-referenced data. The LANDFIRE Reference
Database (LFRDB) includes vegetation and fuel data from over 800,000 geo-referenced sampling units
located throughout the United States. These data were amassed from numerous sources, and, in large
part, from existing information resources of outside entities, such as the USFS FIA Program, the USGS
National Gap Analysis Program (GAP), and State natural heritage programs. Vegetation data drawn from
these sources and used by LF include natural community occurrence records, estimates of canopy cover
and height per plant taxon, and measurements (such as diameter, height, crown ratio, crown class, and
density) of individual trees. Fuel data included biomass estimates of Downed Woody Material (DWM),
percent cover and height of shrub and herb layers, and canopy base height estimates. Digital photos of
the sampled units, when available, were archived.

A subset of the full suite of field-sampled data used in the production of LF deliverables is available for
public access, as stipulated in the 2004 LF Executive Charter. In accordance with agreements between
LF and its data contributors, certain proprietary or otherwise sensitive data were removed to create this
publically available version of the LFRDB. There are over 275,000 sampling units from 260 different
sources located throughout the United States available for public use.

2.2.2 LANDFIRE Reference Database Update Process

The following is a summary of key steps the LF production team conducted to complete the LFRDB

component of LF 2001/2008. These methods were subject to revision and update upon the completion

of all LF 2001/2008 GeoArea processing.

e Acquired geo-referenced, field-sampled vegetation and fuel data from existing national and local
programs - this work required extensive communication with representatives of governmental and
non-governmental entities throughout the U.S. and work with FIA staff to draw all relevant data
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Maintained a catalog and archive of all acquired data and metadata in their original formats using
the existing LF data-catalog template and file structure

Assessed and prepared acquired data for LF processing - this work required thorough inventorying
of acquired geospatial data (in tabular format or as shapefiles, coverages, geodatabases, etc.) with
regard to distribution and information content and removal of records with irreconcilable geospatial
or information errors/omissions

Converted relevant/viable data into LF format such that they conformed to standards defined in the
data dictionaries for the AutoKey Database to accurately assign Existing Vegetation Type (EVT) to
plots that have species composition (species and cover) attributes and LFRDB - this required using
intermediate to advanced techniques for relational database management, manipulation and
management of point and vector geospatial data, and regular documentation of data-conversion
processes and quality-control measures

Acquired and incorporated into the LFRDB all ancillary spatial data needed for LF production (such as
data extracted from LF base and product layers) - this required support from FIA staff and
representatives of other entities that provide data with plot locations that must remain confidential
Derived and incorporated into the LFRDB any attributes necessary for LF production but not
acquired as part of the original data sets - this included the derivation of canopy cover and height
estimates from FIA tree records, fuel loading estimates from DWM records, un-compacted crown
ratios from compacted crown ratios, vegetation map-unit assighnments from the Ecological Systems
AutoKey, canopy fuel attributes from FuelCalc (Reinhardt, 2006) (a tool to compute surface and
canopy fuel loads and characteristics from inventory data), and various attributes from the Forest
Vegetation Simulator (FVS; Dixon 2002) and its Fire and Fuels Extension (FFE; Reinhardt and
Crookston 2003).

Checked for information and spatial errors as detailed in the LFRDB Quality Assurance (QA) checklist,
and, once removed or appropriately identified, distributed the inaugural LFRDB for LF production
Maintained and updated the LFRDB after the inaugural posting by archiving relevant LF production
information, including results of Quality Assurance / Quality Control (QA/QC) on LFRDB records
performed by mapping teams and additional data as requested/permitted by LF mapping teams and
leadership

2.2.3 LANDFIRE Reference Database Update Results

Final deliverables for the SE GeoArea consisted of a catalog (spreadsheet) and archive (file system) of all

acquired data, an AutoKey Database (Microsoft Access© database) that was developed to quickly and

accurately assign EVT to plots that has species composition (species and cover) attributes for the SE
GeoArea, a LFRDB (Microsoft Access© database) for the SE GeoArea, and documentation of data
conversion processes and QC measures taken during the data-loading stages.

The final LFRDB product for the SE GeoArea resulted in a large number of sampling events derived from

various data sources, including the following:

e 78,906 geo-referenced sampling events were contained within the SE LFRDB.

e 66 different sources of data were contributed by Federal, State, and private entities.

o 41% of data were submitted in response to the LF data call
(http://www.landfire.gov/participate_refdata.php) and 59% of data were acquired by LF
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personnel through direct data sharing agreements (USFS FIA), websites such as the NPS Data
Store and or agency database systems (USFS- Natural Resource Information System and Field
Sampled Vegetation)

e 4,714 Forest Inventory and Analysis (FIA) sampling events were added to the LFRDB for LF
2001/2008 (2,259 were new sampling locations and 2,455 were inventoried)

A substantial amount of vegetation and fuel data were acquired and compiled from many different
sources for LF National and LF 2001/2008. The LFRDB team was able to acquire nearly half of the data
archived in the SE LFRDB from data sharing agreements, websites, and/or agency databases. Data
contributions submitted in response to the data call were also important, accounting for 41% of the
sampling events. Major data contributions can be accredited to the USFS and the various state
agencies, the rest of the data came from multiple sources. Table 5 shows a breakdown of the data
contribution profile for the SE LFRDB.

Table 5 - Data contribution profile for the SE LFRDB.

Table 5 SE LANDFIRE Reference Database Data Contributions

Data Contribution Profile Samples Percent

USFS 25,604 50.5
Multi Agency 21,252 41.9
State 2,236 4.4
Department of Defense 419 0.8
NPS 380 0.7
BLM 367 0.7
Non-Governmental Organizations /Private 320 0.6
Municipal 144 0.3
FWS 0 0
USGS 0 0
BIA 0 0

Total 50,722 100

For LF 2001/2008, the LFRDB team acquired and incorporated additional data into the existing LFRDB to
facilitate the improvement and updating of several LF data products. Data provided by FIA contain a
complete set of attributes necessary for updating LF products, so efforts were focused on converting
and adding these data. During LF 2001/2008, several improvements were made to FIA data processing
procedures, including updates to the way forest canopy cover and height metrics were derived and
improvements to the LFRDB database schema that allowed for the archiving of repeat measures. There
were 4,714 new FIA sampling events added to the SE LFRDB for LF 2001/2008. The SE LFRDB also
contains a substantial amount of vegetation data, including information on community occurrence,
species composition, vegetation structure, exotic plants, and fuel. Table 6 provides a summary of data
types by percent distribution for the SE GeoArea. Community occurrence data include natural
community or cover type classifications; species composition data include canopy cover estimates per
plant taxon; vegetation structure data include height measurements per life form or plant taxon; exotic
plant data include occurrence or cover estimates of exotic plants; and fuel data include composition and
characteristics of surface and/or canopy fuel.
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Table 6- Percent distribution of data types for SE LFRDB.

Table 6. SE LANDFIRE Reference Database Plot Summar

Data Type Samples Percent *
Community Occurrence Records 26,592 34
Species Composition 30,485 39
Structure 25,267 32
Exotics 21,790 28
Fuels 17,186 22

*Percent occurrence of the listed data types within the LFRDB. The percentages do not total to 100% because a plot may
have more than one data type. For example, a plot may have both species composition and fuel data whereas another plot
may only have community occurrence records. The 4,714 new FIA plots that were added to the LFRDB provided species
composition, structure, and fuel data, but not the other data types listed.

2.3 Biophysical Settings

2.3.1 Product Description

The Biophysical Settings (BpS) layer represents the vegetation that may have been dominant on the
landscape prior to Euro-American settlement and is based on both the biophysical environment and an
approximation of the historical disturbance regime. BpS is a refinement of the Environmental Site
Potential (ESP), it includes disturbance. In this update, we attempted to incorporate current scientific
knowledge regarding the functioning of ecological processes — such as fire — in the centuries preceding
non-indigenous human influence. Map units were based on NatureServe's (NS) Ecological Systems
classification; a nationally consistent set of mid-scale ecological units (Comer et al. 2003).

LF used these classification units to describe BpS, which differed from their intended use as units of
existing vegetation. As used in LF, map unit names represent the natural plant communities that may
have been present during the reference period. Each BpS map unit was matched with a model of
vegetation succession defined during LF National. The LF BpS concept is similar to the concept of
potential natural vegetation groups used in mapping and modeling efforts related to Fire Regime
Condition Class (FRCC; Schmidt et al. 2002; www.frcc.gov).

2.3.2 Biophysical Settings Layer Enhancements

One objective for LF 2001/2008 was to simplify the BpS map layer by reclassifying similar ecological
systems into BpS Groups. New names were assigned to better reflect the floristic make-up of the
grouped systems and to include the appropriate fire regime (I thru V), and a vegetation model was
chosen that best represented the grouped systems (Barrett et al. 2010).

This task included a review of all BpS model descriptions and the Model Tracker Database (MTDB) for
each mapping zone. MTDB is an Access database application developed by TNC specifically for the LF
Program. MTDB contains a very detailed description of every Ecological System mapped by LF, including
physiographic characteristics, biological characteristics, and disturbance regime of each system and the
individual succession classes within that system, as defined by local experts. In addition, all review
comments are contained within MTDB to allow readers to understand the evolution of the models
through the development and review processes; LF team members assessed all model transition states,
reference conditions, fire-regime groups, and ancillary information to determine similarities between
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BpS. At the end of this process, a grouping strategy was proposed and implemented. The final step was
the development of a lookup table relating LF National BpS map units and LF 2001/2008 Grouped BpS
map units. Redundant and/or similar BpS models were collapsed into one group, and the original LF
National BpS codes have corresponding LF 2001/2008 grouped BpS codes.

The process started by establishing a cross-walk between SSURGO Ecological Site polygon data and BpS
units. These cross-walk assignments were based primarily on similar dominant vegetation types and
additional information such as elevation, ecoregion, and subsection, to distinguish between possible BpS
assignments. Next, a map of BpS map units was built and assignments were made to existing SSURGO
ecological site polygon data. Based on these data, cross-walked polygons were sampled to develop
pseudo plots (a method to address a lack of field data using existing plot and geospatial data) using the
ERDAS Imagine© NLCD sampling tool (a remote sensing application for geospatial raster data
processing). A map was created for the entire map zone using the models output from See5© using the
pseudo plots of BpS map units. The last production step was to combine this new map with the LF
National BpS map in order to update BpS in non-forest areas.

2.3.3 Fire Regime Products

Five layers, including Mean Return Interval (MFRI), Percent of Low Severity (PLS) fire, Percent of Mixed
Severity (PMS) fire, Percent Replacement Severity (PRS) fire, and Fire Regime Groups (FRG),
characterizing modeled historical fire regimes were produced based on the BpS and linkage with the
Refresh Model Tracker (RMT). This linkage provides the probability of replacement, mixed, and surface
fires. MFRI was calculated as the reciprocal of the sum of these probabilities (which is the probability of
fire of any severity), grouped into classes and then combined with the non-vegetated types from the
Succession Classes (SCLASS) layer. The PLS, PMS, and PRS layers were calculated respectively as the
ratio of the probability of surface, mixed, and replacement fires to the probability of any fire. The FRG
(depicted in
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LANDFIRE Refresh Updates: Fire Regime
Groups for the Southeast

Figure 4) was based on a combination of the MFRI and average fire severity from the FRCC Guidebook
(FRCC, 2010), as displayed in Table 7 and Table 8, showing the comparisons between LF National and LF
2001. The vegetation and disturbance dynamics model Vegetation Dynamics Development Tool (VDDT)
was used to create the Fire Regime layers for LF 2001 / LF 2008. For LF National the vegetation and
disturbance dynamics model LANDSUM (Keane et all, 2006) was used to create the Fire Regime
products. This change in methods caused a substantial reduction (99%) in Intermediate Fire Regime
Characteristics Group, while FRG lll and FRG IV increased 58.3% and 60.9%, respectively.

Table 7- The Fire Regime Groups (FRG) by frequency and Percent Replacement Severity (PRS) for vegetation
types within each regime as described in the FRCC Guidebook.

able e Reg : oup eque and
Fire Regime Group Name | Frequency (years) Severity Percent
FRG I 0-35 PRS <75
FRG II 0-35 PRS >=75
FRG III 35-200 PRS <75
FRG IV 35-200 PRS >=75
FRGV 200+ All

Page | 14



LANDFIRE 2001 and 2008 Methods and Results

LANDFIRE Refresh Updates: Fire Regime
Groups for the Southeast

Figure 4 - Map of the SE GeoArea depicting LF Fire Regime Groups in the absence of modern human
intervention with possible aboriginal fire use.

Table 8 - Comparison of acreage mapped and percent change by Fire Regime Groups in LF National and LF
2001 versions of LF data.

Table 8. Fire Regime Group Comparison

Fire Regime Group Name LF National LF 2001 Percent
(acres) (acres) Change
FRG1 138,070,576 115,554,280 -16.3
FRG II 14,568,056 18,108,205 24.3
FRG III 33,482,641 52,993,728 58.3
FRG IV 323,136 519,984 60.9
FRGV 13,281,773 12,577,152 -5.3
Water 17,070,287 17,267,800 1.2
Snow / Ice - - 0.0
Barren 637,951 639,230 0.2
Sparsely Vegetated 6,129 6,129 0.0
Indeterminate Fire Regime 26,655 16 -99.9
Characteristics

2.4 Disturbance Mapping

2.4.1 Product Description

LF disturbance data were developed to provide temporal and spatial information related to landscape
change for determining vegetation transitions over time and making subsequent updates to LF
vegetation, fuel, and other data. Disturbance data include attributes associated with disturbance year,
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type, and severity. These data were developed through use of Landsat satellite imagery, local agency
derived disturbance polygons, and other ancillary data establishing disturbance grids for each year.

2.4.2 Disturbance Mapping Objectives

Changes in the landscape are pervasive and occur continually. For LF data to remain current, a process
was needed to integrate spatial temporal landscape changes into the suite of LF products.

The objective of this process was to map the location, extent, type, and severity of major disturbances
for the entire United States. To achieve this objective, several data sets needed to be integrated into
one product. Not all types of data were available in all areas. The disturbance mapping process was
performed at the LF mapping zone scale.

2.4.3 Disturbance Mapping Process

In accordance with a provision in the LF Charter regarding the directive to regularly update LF products,
disturbances to the landscape were identified using a process referred to as Remote Sensing of
Landscape Change (RSLC; Vogelmann et al. 2010). The RSLC process includes multiple data sources and
processes, including remotely sensed imagery, a spatial database of events, and field assessments. In
order to capture disturbance on the landscape, LF worked with the University of Maryland researchers
on vegetation (forest) change detection using archived Landsat Time Series Stacks (LTSS; Huang et al.
2009). LF used a vegetation change and tracking algorithm called the Vegetation Change Tracker (VCT;
Huang et al. 2010). VCT tracks a vegetation index through a LTSS in order to identify landscape changes.
VCT data were developed for each year identifying disturbed areas as well as disturbance severity. As
part of the VCT processing, the Normalized Burn Ratio (NBR, Key et al. 2006) was calculated for each
input scene. Severity was determined from the Landsat imagery by calculating both the minimum and
the maximum NBR value for each pixel for the years 1999 to 2008 from the VCT output. The minimum
NBR was then subtracted from the maximum NBR. The result was classified into high, medium, and low
severity levels based on a statistical comparison with the MTBS, Burned Area Reflectance Classification
(BARC), and Rapid Assessment of Vegetation Condition after Wildfire (RAVG) fire severity data also
available for the area.

Since disturbance type, or causality, was not determined in the VCT process, a spatial analysis was
conducted comparing the VCT output to buffered (1-kilometer) LF 2008 disturbance event data, which
were provided to LF by various local, regional, and national agencies and organizations as part of the LF
data contribution opportunity. Disturbance type and year information were included as attributes for
each polygon and transferred to the disturbance grids in this process. Data inputs on location of Federal
agency lands were included using the Protected Areas Database of the United States (PAD-US;
http://www.protectedlands.net/padus/). PAD-US is a product of GAP, which shows land management
status representing public and private land ownership, and conservation lands that are assigned a

conservation status for biodiversity preservation and natural, recreational, or cultural uses. PAD-US and
its “GAP Status” attribute were used to inform causality for disturbances outside of disturbance event
polygons. While not identifying a precise type of disturbance, this analysis provides information useful
for narrowing down the types of disturbance that would be expected to occur in a given location.

Page | 16


http://www.protectedlands.net/padus/

LANDFIRE 2001 and 2008 Methods and Results

Wildland fire disturbance data are developed through a multistep process. Inputs to this process
include fire mapping data obtained from the MTBS, BARC, and RAVG fire mapping efforts. These three
data sets were merged together to map the extent and severity of wildland fires.

Subsequently, all disturbance types were processed, creating 10 disturbance grids, one for each year
from 1999 to 2008. Each grid was attributed with year, disturbance type (if known, otherwise a
description of possible types), severity, and the data sources used to create the data.

In addition to these yearly disturbance grids, an integrated composite of vegetation disturbance data
was developed according to the following priorities, in order of importance: time since disturbance,
type, and severity for the entire 10-year period. The disturbance types included the following:

e Recent fire activity (1999 through 2008)

e Mechanical treatments that do not remove material from the site (Mechanical Add)
e Mechanical treatments that do remove material from the site (Mechanical Remove)
e Wind disturbance

e Insect and disease

The severity of the disturbance was described as high, moderate, or low. Following are the general
guidelines for categorizing:

e High =>75% of above-ground vegetation mortality
e Moderate = 25 to 75% above-ground vegetation mortality
e Low =<25% above-ground vegetation mortality

Time since disturbance was separated into three categories (or time steps), including the following:

e (-3 years post disturbance
e 4-10 years post disturbance

2.4.4 Disturbance Mapping Results

Disturbance categories were mapped and tabulated for the entire SE GeoArea (Table 9). Disturbed
areas are depicted in Figure 5. Across all lands, 8.6 % of the SE GeoArea was mapped as disturbed from
1999 to 2008, leaving 91.4 % undisturbed. On Federal lands, 25.9 % of the GeoArea was mapped as
disturbed, leaving 74.1 % undisturbed. We recognize that certain types of disturbances are missed in
the mapping process, particularly subtle changes such as decline of certain forest cover types affected
by insects or disease. Table 10 through Table 14 provide a detailed listing of mapped disturbance by
type on all lands and Federal lands.
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Table 9 -Total mapped disturbances area and percent by land ownership category for the SE GeoArea.

Table 9. Disturbance Acreage by Land Ownership

. Percent
Land Ownership Category Acres Ownership
All Lands No Disturbance 198,994,170 91.4
All Lands All Disturbances 18,672,352 8.6
Federal Lands No Disturbance 7,890,449 74.1
Federal Lands All Disturbances 2,754,764 25.9

LANDFIRE Refresh Updates: Vegetation

Disturbances for the Southeast
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Figure 5 - Map of vegetation disturbance types (fire, mechanical, etc.) mapped for the SE GeoArea from 1999

to 2008.
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Table 10 - Number of acres mapped as affected by fire disturbance for severity classes of low, moderate, and

high with the period of years since disturbance between All Lands and Federal Land ownership for the SE

GeoArea.

Table 10. Area Affected by Fire Disturbance

Land Ownership Category Severity | Time Since Disturbance Acres
All Lands Fire Low One Year 793,037
All Lands Fire Low Two to Five Years 1,431,509
All Lands Fire Low Six to Ten Years 582,216
All Lands Fire Moderate | One Year 207,077
All Lands Fire Moderate | Two to Five Years 708,659
All Lands Fire Moderate | Six to Ten Years 279,406
All Lands Fire High One Year 44,049
All Lands Fire High Two to Five Years 167,049
All Lands Fire High Six to Ten Years 61,972
Federal Lands Fire Low One Year 490,772
Federal Lands Fire Low Two to Five Years 779,500
Federal Lands Fire Low Six to Ten Years 142,781
Federal Lands Fire Moderate | One Year 174,897
Federal Lands Fire Moderate | Two to Five Years 565,146
Federal Lands Fire Moderate | Six to Ten Years 194,041
Federal Lands Fire High One Year 37,477
Federal Lands Fire High Two to Five Years 108,005
Federal Lands Fire High Six to Ten Years 10,861

Table 11 - Number of acres mapped as affected by the Mechanical Add disturbance by severity classes of
low, moderate, and high with the period of years since disturbance between All Lands and Federal Land
ownership for the SE GeoArea.

Table 11. Area Affected by Mechanical Add Disturbance
Land Ownership Category Severity | Time Since Disturbance Acres

All Lands Mechanical Add | Low One Year 5,618
All Lands Mechanical Add | Low Two to Five Years 2,744
All Lands Mechanical Add | Low Six to Ten Years 1,156
All Lands Mechanical Add | Moderate | One Year 9,567
All Lands Mechanical Add | Moderate | Two to Five Years 10,014
All Lands Mechanical Add | Moderate | Six to Ten Years 5,809
All Lands Mechanical Add | High One Year 580
All Lands Mechanical Add | High Two to Five Years 1,721
All Lands Mechanical Add | High Six to Ten Years 3,029
Federal Lands Mechanical Add | Low One Year 5,543
Federal Lands Mechanical Add | Low Two to Five Years 2,727
Federal Lands Mechanical Add | Low Six to Ten Years 1,151
Federal Lands Mechanical Add | Moderate | One Year 9,296
Federal Lands Mechanical Add | Moderate | Two to Five Years 9,756
Federal Lands Mechanical Add | Moderate | Sixto Ten Years 5,656
Federal Lands Mechanical Add | High One Year 533
Federal Lands Mechanical Add | High Two to Five Years 1,468
Federal Lands Mechanical Add | High Six to Ten Years 2,622
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Table 12 - Number of acres mapped as affected by the Mechanical Remove disturbance by severity of classes
of low,