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Abstract The US national fire danger rating System (NFDRS) generates
daily estimates of fire potential throughout the United States. A key com-
ponent of this system is the condition of live vegetation. Currently, there are no
objective methods for determining vegetation condition. Inter-annual climatic
variability causes the onset of spring green-up and fall leaf senescence to vary
substantially from year-to-year. Therefore, methods used to assess live vegetation
condition must be robust to these climatic changes. We present a system
designed to integrate both remote sensing and surface weather-derived
metrics of foliar greenness. This system provides two independent metrics
that are meaningful representations of landscape level greenness responses and
are suitable for use in verifying NFDRS greenup dates and greenness factors.
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11.1 Introduction

With more and more people moving into the wildland urban interface, wildfires
have become an increasing concern for the National Park Service and other
land-management agencies. According to the National Interagency Fire Center,
almost 7 million acres and over 1,000 structures burned in 2004 (National
Interagency Fire Center, 2005). This is nearly a 2-million-acre increase over the
previous 10-year average and it came with an estimated $890-million-dollar
fire-suppression price tag. These increases have generated expanded interest
among fire managers and scientists developing more robust fire-behavior models.
Key to the performance of these models is an accurate depiction of the spatial
arrangement of fire fuel loads.

Current fire-behavior models (e.g., FARSITE) rely heavily on National Fire
Fuel Laboratory (NFFL) fuel-classification procedures. These procedures, in turn,
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are based on litter (downed woody material), vegetation type, and overall vegetation
structure (Anderson, 1982). Previous work in two national parks (Booker T.
Washington National Monument and George Washington National Monument)
found that there was a one-to-one relationship between vegetation type and NFFL
fuel models for Mid-Atlantic Eastern United States forests (Devine, et al., 2003).
This chapter expands those findings by further exploring this vegetation type-fuel
model relationship in eight additional Northeastern national parks from East central
Maine to SOUTH central Virginia. The national parks are listed below:

(1) Acadia National Park

(2) Appomattox Court House National Historical Park

(3) Colonial National Historical Park

(4) Fire Island National Seashore

(5) Fredericksburg and Spotsylvania County Battlefields Memorial National
Military Park

(6) Petersburg National Battlefield

(7) Richmond National Battlefield Park

(8) Thomas Stone National Historic Site

This chapter focuses on the development of a comprehensive database that
could be used to crosswalk formation-level vegetation maps to NFFL fuel-model
maps. The process involved developing digital aerial photograph mosaics and
using three-dimensional GIS procedures to combine these mosaics with vegetation
information. This was followed by the development of techniques to produce
complacent and available live fire-fuel-load maps. This chapter is divided into
three sections describing the methods and results of the digital orthophoto mosaic
production, the formation-level vegetation databases, and the fire fuel mapping.

11.2 Digital Orthophoto Mosaics

For this research we created digital orthophoto mosaics from color infrared, stereo
pair 1:6,000-scale aerial photography with airborne global positioning system
(GPS) and inertial mapping unit (IMU) data for eight national parks in the NPS
Northeast Region. In the first step, the air photos were scanned at 600 dpi with
24-bit color depth on flatbed 11-x-17 scanners with transparency adapters. We found
that these scanner settings resulted in manageable file sizes while maintaining a
high level of detail.

During this multi-year research project we refined and improved our procedures.
The final methodology included five basic steps:

(1) We imported scanned images of the air photos in tiff format to ERDAS’
Imagine (.img) format (Erdas, 2004).

(2) We created a photo block in Leica’s Photogrammetry Suite (LPS), using
airborne GPS and IMU data and a digital elevation model from the United States
Geological Survey (USGS, NED) (Leica, 2004).
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(3) We triangulated each mosaic photo block with a root mean square error
(RMSE) of less than 1. We then generated single frame orthophotos (one for each
air photo) within Imagine.

(4) We exported the single frame orthophotos to Imagine .lan format and then
imported the .lan files into ER Mapper’s native (.ers) format (ER Mapper, 2004).
An ER Mapper algorithm was created for color balancing, manual cutline creation,
and final mosaicking.

(5) In ER Mapper we generated a band interleaved by line (.bil) image and
header file for the final orthophoto mosaic. We imported the .bil image into
Imagine .img format and compressed the .img image using MrSid software with
a 20:1 target compression ratio (Lizardtech, 2001).

Figures 11.1 and 11.2 illustrate the visual improvements obtained with our
final methodology using ER mapper for cutlines and color balancing. Figure 11.1
shows the Green Springs area of Colonial National Park. The left half of the
image is the original mosaic and the right half shows the recreated mosaic. In the
newer mosaic on the right, the red tint is substantially reduced, photo seamlines
are nearly invisible, and the overall color balancing is much improved.

Figure 11.1 Imagine screenshot of initial (left half of image) and final (right half
of image) mosaics of the Green Springs area of Colonial National Park

Figure 11.2 shows mosaics of the five forks area of Petersburg National Battlefield
that illustrate similar improvements to those shown in Fig. 11.1. The mosaic created
with the newer methodology using ER Mapper has better overall color balance,
less noticeable seam lines, and less pronounced red tint.

The horizontal positional accuracy of each mosaic was then assessed following
guidelines of the NBS/NPS vegetation mapping program (ESRI, NCGIA, and
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Mosaic created
using imagine

Mosaic created
using ER mapper

Figure 11.2 Initial and final mosaics of the five forks area of Petersburg National
Battlefield

TNC, 1994). At least 20 well-defined positional accuracy ground control points
were placed throughout all quadrants of the mosaic in ArcMap. Ground control
points and zoomed in screenshots of each point were plotted on hard copy maps
with the mosaic as a background. These maps and plots were used to locate the
ground points in the field. For each ground-control point, field staff noted any
alterations to the locations in the field and then recorded the coordinates with
a Trimble Pro XR/XRS or GeoXT. Mapped ground-control points that were
physically inaccessible were also noted. The coordinate data were collected with
real-time GPS and post processed with differential correction using Trimble’s
Pathfinder Office software (Trimble, 2004).

Before positional accuracy was calculated, we excluded ground-control points
identified by SAS’s JMP program as outliers (SAS, 2004). Following USGS/NPS
vegetation mapping guidelines, no more than 10 percent of the ground control
points for any one mosaic were excluded. We then entered the field-collected GPS
coordinates and the coordinates obtained from the mosaic viewed in ArcMap into
a spreadsheet designed to calculate horizontal positional accuracy (in meters).

At the beginning of this project, the accepted method of calculating horizontal
positional accuracy was based on Euclidean distance. Subsequently, a method
based on root mean square error became the accepted procedure for assessing
horizontal positional accuracy (FGDC, 1998b; Minnesota Governor’s Council on
Geographic Information and Minnesota Land Management Information Center,
1999). A positional accuracy handbook and a copy of the spreadsheet that contains
the RMSE accuracy calculation formulas (horizontal.xIs) can be downloaded
from the Minnesota Department of Administration, Office of Geographic and
Demographic analysis website (Minnesota Dept. of Administration, 2005).

Horizontal positional accuracy of the 15 mosaics' created for this project

! For some of the national parks involved in this research, we created two mosaics—a spring/leaf-off mosaic
and a fall/leaf-on mosaic.
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ranged from 0.815— 1.580 meters. Thirteen of the 15 mosaics meet the class 1
national map accuracy standard (NMAS) of 1.5 meters or better for 1:6,000-scale
photography and the other two mosaics failed to meet that standard by only 0.08
and 0.04 meters.

11.3 Formation-Level Vegetation Databases

The USGS and the NPS have standardized on the use of the hierarchal national
vegetation classification system (NVCS) (FGDC, 1997) for their national vegetation
characterization program. The formation-level is the lowest of the five physiognomic
levels in the NVCS and it identifies ecological groupings of vegetation units with
similar broadly defined environmental and physiognomic factors.

We created formation-level vegetation databases by interpreting the digital
orthophoto mosaics for each park to delineate vegetation polygons to the formation-
level defined in the NVCS. Table 11.1 displays the basic hierarchy of the system
as well as some class examples.

Table 11.1 Hierarchy of the U.S. national vegetation classification (from Grossman

et al., 1998)
Level Primary basic for classification Example
Class Growth form and structure of Woodland
vegetation
Subclass Gﬁrowtlh form characteristic, e.g., leaf Deciduous woodland
Physio- PIeTo o8y
gnzmic Group Leaf types, corresponding to climate |Cold-deciduous woodland
Subgroup Relgtlve human impact (nature/ Natural/Semi-natural
semi-natural, or cultural)
Formation Additional physiognomic and environ- | Temporarily flooded Cold-
mental factors, including hydrology |deciduous Woodland
Alliance Dominant/diagnostic species of Populus deltoids Temporarily
uppermost or dominant stratum flooded Woodland Alliance
Floristi o -
Onishe . Additional dominant/diagnostic Populus deltoids — (Salix
Association . amygdaloides) / Salix
species from any strata .
exigua Woodland

Formation-level vegetation databases were created within ESRI’s ArcMap using
the orthophoto mosaics (both leaf-off and leaf-on, when available) as basemaps
(ESRI). Photo interpreters viewing the mosaic(s) in two-dimensions delineated
visible areas of homogeneous vegetation (i.e., vegetation polygons) using ArcMap’s
onscreen digitizing tools. Although the minimum mapping unit was 0.5 hectare,
the photo interpreters were usually able to delineate polygons as small as 0.5 acre.
After vegetation polygons were delineated for the entire park area, the photo
interpreters created and populated three fields in the attribute table, entering a
unique polygon identification number, the formation-level vegetation class code,
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and notes when they were unsure of the appropriate vegetation class code or could
not assign a code. The photo interpreters relied on their experience to attribute
the proper vegetation class. In some cases, digital raster graphics and existing
spatial vegetation data were used to supplement the photo interpreters vegetation
classification. The photo interpreters then examined each polygon in three-
dimensions using Leica’s Stereo Analyst software to verify the formation-level
vegetation class code entered in the attribute table, and they entered a new or
corrected code if appropriate (Leica, Stereo Analyst, 2003). Delineating the
vegetation polygons in three dimensions is very time consuming. After considerable
testing, the methodology was finalized to delineate in two-dimensions and perform
validation and accuracy checks in three dimensions. This greatly increased pro-
ductivity while conserving accuracy over a strictly three-dimensional approach.
The final formation-level vegetation databases are archived in ESRI shapefile and
geodatabase formats.

Sample field data were collected to assess the thematic accuracy of the
formation-level vegetation databases at Booker T. Washington National Monument
and George Washington National Monument.' These two databases were made
up of 68 and 262 vegetation polygons and the final estimated thematic accuracy
was 97% and 83%, respectively, based on field accuracy assessment data collected
at 64 of the 68 polygons in the first park and at 96 of the 262 polygons in the other.

11.4 Fire Fuel Mapping

After each vegetation database was completed, we collected fire fuel load data at
each of the 10 parks. Within each park the data-collection points were stratified
by vegetation type to ensure that data would be collected for vegetation types for
which we had little or no previous fire fuel data. The number of data-collection
points per park ranged from 4 to 101, depending on the size of the park. At each
point field crews measured downed woody debris using a modified Brown’s transect
line technique (Brown, 1974) developed by Shenandoah National Park (Carmichael
and Cass, 2001) and an ocular estimation procedure (Burgan and Rothermel, 1984).
Additional data that were collected include transect slope measurements, amounts
of fine and coarse woody debris intersects, duff and litter depth measurements,
canopy cover, average stand height, and height to live crown base (Smith, 2003).
Sample forms used to record these data are included in Appendices A and B. On
average, it took a two-person field crew 2 hours to take and record downed woody
debris and Burgan/Rothermel measurements at each field location. Field plot
photos were very helpful in crosswalking the vegetation to the fire fuel models.
In future work we will take an additional field photo, looking up at the canopy, to
help characterize canopy closure and crown bulk density.

! For the other parks, thematic accuracy assessment will be performed for alliance-level vegetation databases to
be created in the future.
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Analysis of the fire fuel load data included comparing the field data to standard
NFFL fire fuel model values following Brown’s procedures (1974). We found that
fuel loads in the parks were consistently lower than fuel loads reported by Anderson
(1982). This is undoubtedly because Anderson’s work is based exclusively on data
from the western United States, where vegetation and forest characteristics are
different from those in the Eastern states. Therefore, we worked closely with NPS
personnel to crosswalk vegetation to fire fuel models based on their experience
and Anderson’s narrative descriptions.

We produced final fire fuel load databases by assigning complacent and available
live fuel fire fuel model values to each vegetation polygon. Distinguishing between
complacent and available live fuel conditions is important because fire behavior is
affected by seasonal differences in vegetation. The available live fuel model
represents the fall period when previously unavailable fuels are available due to
seasonal curing and drying of vegetation. For example, many shrub fields are
considered to be a barrier to fire spread until a critical live fuel moisture threshold
is reached. Figure 11.3 shows a completed complacent fire fuel map for the
Western Front Unit of Petersburg National Battlefield.

Petersburg National Battlefield §&
Western Front Unit
Complacent Fire Fuel Models

[ tccrsbrrg Wecsbern fvomt thuandary SeHardwood Lilter
Miles  Pelersburg Fire Fucl Modcls ah-Water Il
B Devcloped [ - Timcn i [ 9-Reoads Lt

Figure 11.3 Complacent NFFL map of the Western Front of Petersburg National
Battlefield

11.5 Discussion

As a result of this research, we have created a fairly comprehensive database of
complacent and available fuel loads by vegetation type that could be used to
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easily crosswalk formation-level vegetation from other areas to NFFL fuel models
without the need for the time consuming fire fieldwork (Appendix C). We also
have a large database of Brown’s and Burgan and Rothermel data that could be
used to create custom fire fuel models for Eastern landscapes or, at the least, to
generate numbers more useful in determining fire fuel models for national parks
in the east. These data have become standard elements in the new fire behavior
modeling program of the National Interagency Fire Center.

Based on our experience, we strongly recommend collecting airborne GPS and
IMU data with aerial photography that will be used to create digital orthophoto
mosaics. Use of these data, as opposed to external reference sources such as USGS
digital orthophoto quadrangles (DOQQs), for ground control substantially reduces
the time required to create the mosaics and increases their positional accuracy.

Table 11.2 compares the horizontal positional accuracy of four mosaics
orthorectified with airborne GPS and IMU data with the positional accuracy of
four mosaics orthorectified with DOQQs. The first four mosaics shown in Table
11.2 were orthorectified with airborne GPS and IMU data that were collected at the
time the photography was acquired. The other four mosaics were orthorectified using
external reference sources such as DOQQs and hand selected ground control
points. The externally referenced DOQQS have a much poorer average accuracy.
Additionally, the use of airborne GPS and IMU data substantially decreases the time
needed to create an orthophoto mosaic because there is no need to place manual tie
points or manual ground control points. Finally, airborne GPS/IMU data have been
essential for creating mosaics in areas with little or no development, which describes
many of our National Parks. When using DOQQs or other external reference sources,
we must find recognizable, accurate landmarks throughout the entire area for control.
With largely forested and/or uninhabited areas, this is often very difficult, if not
impossible. The use of airborne GPS and IMU data eliminates this issue.

Table 11.2 Comparison of horizontal positional accuracy of mosaics orthorectified
with airborne GPS and IMU data versus external reference source data

Horizontal Positional Accuracy (m)

Park Photography

RMSE X RMSE Y
Mosaics orthorectified with airborne GPS and IMU data:
APCO Leaf-on (Fall 2001) 0.859952 0.756570
GEWA-1 Leaf-on (Fall 2001) 1.068192 1.276164
GEWA-2 Leaf-off (Spring 2002) 0.826132 0.908170
HOFU Leaf-off (Spring 2002) 1.188310 0.764670
Average 0.985647 0.926392
Mosaics orthorectified with external reference source data:
PETE-MU  Leaf-off (Spring 1992) 1.624120 2.811615
PETE-FF  Leaf-off (Spring 1992) 1.885895 3.674856
VAFO Leaf-on (Fall 1999) 1.184401 2.894345
APCO Leaf-off (Fall 2000) 0.603000 2.415000
Average 1.324354 2.948954
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Appendix A

Brown’s Transects Field Data Collection Sheets

NCSU Vegetation Map Fuels Inventory Data Sheet

Plot D Districe: Due__/__J,
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15 -
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1
I
Overstory
CamCode___{ %)
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= I | ]
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= I <
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Appendix B

Burgan Rothermel Field Data Collection Sheets

Figue 9. Durgan snd Rotherme! Datsabeet {iront)

Foel Bats Entry Form
Shenandaah Hational Park.
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Appendix C

Formation-Level Vegetation and Associated Fire Fuel Models

Fire Fuel Model
Formation-Level Vegetation Class Complacent Available Live

NVCS formation codes:

[LA4N.a 8 9
L.A.8.Cx 8 9
LLA.8N.b 8 9
L.A.8.N.c 8 9
[.LB.2.N.a 9 9
[.B.2.N.d 9 9
I.B.2.N.e 9 9
I.B.2.N.g 9 9
I.C.3.N.a 8 9
I.C.3.N.b 8 9
I.C.3.N.d 8 9
II.LA4N.a 8 9
IILA4.N.b 8 9
ILA4N.f 8 9
II.B.2.N.a 9 9
II.B.2.N.f 9 9
III.LA.2.N.a 5 6
LA2.N.f 5 5
II.A2.N.g 5 5
NI.B.2.N.a 5 6
NI.B.2.N.d 5 5
NIL.B.2.N.e 6 6
HL.B.2.N.f 5 5
III.B.2.N.g 6 6
I1I.B.2.N.h 1 1
IVA.IN.a 2 3
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(Continued)
Fire Fuel Model
Formation-Level Vegetation Class Complacent Available Live
IVA.IN.b 5 5
IVA.IN.g 5 5
IV.B.2.N.a 5 5
V.A5N.c 1 1
V.A5.Cx 1 1
V.A5N.c 1 1
V.A5N.e 1 1
V.A.5.N.k 1 1
V.A5.N. 1 1
V.A.5N.n 1 1
V.A.7.Ca 1 2
V.B.2.N.d 1 3
V.B.2.N.g 1 3
V.C.2.N.a 1 3
VIB.1.N.c 1 1
VIC2Na 98’ 98
VILLA2N.a 1 1
VII.C.2.N.d 98 98
VIL.C.4.N.d 98 98
Water 98 98
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