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Executive Summary

Federal and state fire managers have a critical need for a general baseline geospatial assessment of
wildfire risk that identifies areas of paticularily high fuel loading. The projected increase in population,
pressure for land use change, uncertainties associated with climate change, and declining State and
Federal budgets will result in more complex fire suppression strategies. Fire management programs
must continue to operate strategically and efficiently to meet this paradigm. The main objectives of this
study were to: identify areas in Acadia National Park and the surrounding landscape with high wildfire
risk; identify where hazard mitigation practices would be most effective in reducing wildfire risk; to
focus resources in the areas of greatest need of fuel reduction. Outside of the 1947 fire boundary, the
wildfire risk is generally very high to high with small pockets of moderate to low risk. Within 1947 fire
boundary, the wildfire risk is primarily moderate to low with small areas of high to very high risk which is
primarily due to topography. The wildfire hazard maps presented are an accurate broad scale
representation of the wildfire hazard across Acadia National Park. Due to variances in the reliability of
the input data, the scale at which this analysis was conducted, and the range of fuels present
throughout the area, conclusions based on the findings of this wildfire risk assessment should be
carefully considered at the prescribed fire burn unit scale. Mount Desert Island has and will continue to
experience a marked increase in human development and visitation thereby increasing the likelihood of
human-caused ignitions. This coupled with the uncertainties of climate change may significantly increase
the vulnerability of wildfire occurrence across the Park.

Introduction

To reduce wildfire risk to communities, land managers must identify and prioritize areas for hazardous
fuels reduction to minimize damage to natural resources and infrastructure in the event of a wildfire
(Hardy 2005; Hessburg et al. 2007; Keane et al. 2010, Thompson et al. 2011; Hmielowski et al. 2016).
Spatial data describing fuel loads are critical for strategic decision-making during wildfire events and
planning to mitigate wildfire risk across the landscape (Keane et al. 2001; Morgan et al. 2001; Rollins et
al. 2004). An approach to mapping wildfire risk that integrates extensive empirical data, remote-sensing
technologies, and biophysical modeling is an effective method for identifying priority areas for fuels
reduction (Finney 2005; Keane et al. 2001, 2002; Morgan et al. 2001; Rollins et al. 2006; Rollins 2009).

Fuel is the most important single factor influencing fire ignition, spread, and behavior (Pyne et
al. 1996). Fuel loading is defined as the amount of fuel present expressed quantitatively in tons per acre.
Fuel loading in any given area does not necessarily mean a high-intensity fire will burn. The quality of
fuels (e.g., size class, live or dead, wet or dry) available for combustion is more influential in the
likelihood of fire than the quantity (Pyne et al. 1996). Fire behavior, thus, is dependent on certain fuel
characteristics: type, loading, and availability. Fuel arrangement is also very important in determining
wildfire risk and potential fire behavior. There must be horizontal and vertical continuity for a high-
intensity fire to burn (Pyne et al. 1996). Since fuel stratum relationships are extremely complex, fire
managers often describe fuels by grouping vegetation communities based upon potential fire behavior,
into fuel types or fuel models (Anderson 1982; Riano et al. 2002; Scott & Burgan 2005). The fuel type,
along with topography and weather, will determine the rate of spread and intensity of fire (Rothermal
1983).

Many wildfire hazard assessments map spatial complexity of fuels indirectly by assigning fuel
load characteristics to vegetation types (Miller et al. 2003). This is because remotely sensed data, such
as Landsat, do not penetrate the forest canopy thus limiting their utility for mapping surface fuels where
tree canopies are present (Keane et al. 2000; Miller et al. 2003). As a result, most wildfire hazard



assessments first classify an image into vegetation categories and then assign fuel types to each
category, thus producing a vegetation-type based map (Miller et al. 2003; Falkowski et al. 2005). The
greatest challenge in mapping fuels accurately is the high variability of fuels across the landscape even
within vegetation types due to disturbance history and succession (Miller et al. 2003; Falkowski et al
2005). Extensive field data are therefore useful to adequately portray this variability.

The following paper presents methodology for mapping current wildfire hazard at Acadia
National Park (ANP) and the surrounding Mount Desert Island (MDI), Maine landscape using an ArcGIS
model that extends empirical data of current fuel conditions and spatially portrays wildfire hazard across
MDI and beyond. Wildfire risk is evaluated as a function of three primary topics: fuel load (tons/acre),
topography, and the wildland-urban interface. The main objective of this study was to identify areas in
and nearby ANP with high wildfire risk to focus management resources in the areas of greatest need of
fuel reduction. A secondary objective was to evaluate and improve upon available fuel type data (i.e.,
Scott & Burgan 2005) at the local level. The results of this study can be used to prioritize areas for
applying fuel hazard mitigation practices based on anticipated ecological benefits and the estimated
management effort and cost required to reduce hazardous fuel loading at ANP.

Methods

Data collection

Vegetation maps interpreted from aerial photos were used to identify 23 homogeneous, approximately
5-to-10 acre (2- to 4-ha) stands, and to establish plots representing the primary forest cover types within
ANP (Table 1) (Patterson et al. 1983). Characteristics of sample stands, including fire histories, are
described in Patterson et al. (1983). In 2016 variable and fixed radius plots for trees, saplings, shrubs,
and fuels were examined in at least 20 plots per stand to characterize the forest composition, structure,
and fuel load (Figure 1, 2). The number of transects and plots within each stand depended on the size
and shape of the stand. Within each stand, sampling points for standing live and dead, and dead
downed woody fuels were located on a grid with points at two-chain intervals along transects running
two chains apart. Locations were marked on the 1:50,000 Park USGS map, and GPS waypoint locations
were archived with the National Park Service (NPS).

Tree species composition was characterized at each point using a ten factor angle gauge (Cruz-
All). Diameters at breast height (dbh) to the nearest 0.1 in. (0.254 cm) were recorded by species for
stems > 1in. (2.54 cm) in diameter. Standing biomass (live and dead fuels) were determined at each
sample point in fixed-radius 0.01 acre (0.004 ha) and 0.001 acre (0.0004 ha) plots centered on the point
(Figure 2). Trees 2 4.5 ft. (1.4 m) tall and < 1 in. (2.54cm) dbh were tallied by species in 1 ft. (0.3 m) size
classes in the 0.01 acre (0.004 ha) radius plots. The number of shrubs, tree seedlings, and advanced
regeneration < 4.5 ft. (1.4 m) tall were recorded by 1 ft. (0.3 m) height classes in 0.001 acre (0.0004 ha)
radius plots.

To sample downed fuels, a transect was established in a randomly determined direction
originating at each point. Along each transect, downed woody fuels were surveyed using the planar-
intersect method (Brown 1974). Sampling transects were 50 ft. (15.2 m) long for 1000-hr fuels [>3 in.
(7.6 cm) in diameter], 12-ft. (3.7 m) long for 100-hr fuels [1-to-3 in. (2.5-to-7.6 cm) diameter], and 6 ft.
(1.8 m) long for 10- and 1-hr fuels [<1 in. (2.5 cm) and 0.25 in. (0.64 cm) in diameter]. Fuel up to 4.5 ft.
(1.4 m) in height was counted if it intersected the plane. Duff depth (in.) and fuel height (in.) was
measured at 15 ft. (4.57 m) and 30 ft. (9.15 m) along the fuel transect. Fuel height was measured at its
maximum height along the length sampled.



Table 1. Stand type, burn date(s) and stand initiation for sample stands in ANP (Patterson et al. 1983).

Stand Type Burn Date(s) Initiation Date
spruce/fir 1850
northern hardwood 1901, 1947 1870-1910
northern hardwood 1947 1870-1900
spruce/fir 1864 1840-1890
cedar 1864, 1889 1889
cedar 1840-1900
red oak 1947 1901
pitch pine 1947 1947
birch-aspen 1947 1947
mixed conifer - hardwood 1780, 1820 1820-1825
spruce/fir 1860-1870
spruce/fir 1860-1915
mixed conifer - hardwood 1840-1865/1890-1910
mixed harwood - conifer  fire scars, no date 1840-1910
spruce/fir fire scars, no date 1780-1845
spruce/fir 1830-1840/1890-1900
mixed harwood - conifer 1880 1830-1880
spruce/fir 1855, 1910 1855-1910
spruce/fir 1820-1860
mixed harwood - conifer 1880 1830-1920
pitch pine 1860, 1885 1885
birch-aspen 1947 1947
old growth spruce unknown unknown

Data analysis

Biomass estimates in tons per acre of individual stems for trees, saplings and shrubs were calculated
using regression equations and specific gravity coefficients from Young et al. (1980)[(Ln weight = A+B (Ln
DBH or Ln Height)] and was converted to stand mass densities by averaging across plots. Specific
gravities for most species were obtained from the U.S. Forest Products Laboratory (Brown 1974).
Specific gravity estimates for jack pine and pitch pine were found in Whittaker & Woodwell (1968),
Alban (1978), and Ledig (1975). Where specific gravity estimates did not exist for a species, respective
general hardwood or softwood weights from Tritton & Hornbeck (1982) were used. Calculations of
downed fuel loads by approximate timelag class at the plot level followed Brown (1974). Average
secants were taken from Brown (1974). The constants d* (squared average-quadratic-mean diameters
for slash and non-slash ground fuels) and s (average slope correction factor) are presented for each
species in Patterson et al. (1983) and Charpentier (unpublished data).
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Figure 1. Map showing the stand sample locations for 2016 data collection, the extent of the 1947 fire,
and Acadia National Park. GIS coverage of park boundaries and fire extent are courtesy of NPS at ANP.
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Wildfire hazard model development

The wildfire hazard assessment model followed closely to that of the Northeast Wildfire Risk
Assessment (U.S. Forest Service 2010). The purpose was to produce an accurate wildfire hazard map of
the ANP landscape and improve upon the Scott and Burgan fuel model (2005) layer used in the regional
assessment with ANP plot data. The map is intended to be a general depiction of the wildfire risk for the
study area.

The variables in the model included critical factors that affect wildland fire: fuel (i.e., biomass in
tons/acre); topography (i.e., slope and aspect) and; the wildland-urban interface (Figure 3). The
integration of these variables was applied in a hierarchical scheme. The following percent influence and
weights were assigned for each input layer: fuels — 80% influence on the model (very high risk = weight
of 5, high risk = 4, moderate risk = 3, low risk = 2, very low risk = 1); topography — 10% influence on the
model and; wildland-urban interface — 10% influence on the model. These were combined using a
weighted overlay and masking technique to develop the output wildfire hazard assessment.

Tree data were normally distributed. Regeneration, shrubs, ground fuel, and total biomass
(tons/acre) were right skewed and thus Logy, transformed. Outliers were not removed because they
represented areas of particularly high or low biomass accumulation. A combination of plot data, remote
sensing, and ESRI ArcGIS software were used to predict fuel loading spatially across ANP. The plot data
were reclassified according to GIS spatial data of vegetation community types as defined by, a)
vegetation community types at ANP (National Park Service 2003), b)The Nature Conservancy’s habitat
types (Ferree and Anderson 2013), and c) Scott and Burgan fuel models (2005)(Table 2). The plot data by
classified vegetation types were evaluated with the associated raster values from a 2016 Landsat 8
image processed with Normalized Difference Vegetation Index (NDVI [NIR-R/NIR+R]) methodology, the
Woods Hole NACP Aboveground National Biomass and Carbon Baseline Data V.2 estimate of biomass
(NBCD)(Kellndorfer et al. 2013), and the regionally refined current biomass grid based on the Woods
Hole NACP data produced by the University of Massachusetts’ Landscape Ecology Lab



(UMASS)(McGarigal et al. 2017). There were seven independent analysis; six seperate linear regressions
using the classifed plot data and raster values of the three spatial data layers listed above to evaluate
the relationship between the field measured biomass and the spatial data as a biomass predictor (Table
2). The seventh analysis was a Classification and Regression Tree (CART) using all data combined to
determine the best fit biomass predictor unconstrained by the vegetation type classifications. The
Landsat image selected for processing was acquired on August 23, 2016. This image was captured at the
same season as the data were collected, and presented good cloud-free coverage for discriminating
different vegetation communities. Values from raster images were extracted in ArcMap 10.6 and the
data were used as predictors to extrapolate biomass across the landscape. Models were built using the
Im function and rpart function in the rpart package (Therneau 2018) with R statistical software (R Core
Team 2018).

Fuel

Classification of
plot data
(biomass)

—= | Reclass data

Wildiand Urban Interfoce

Wildland Urban | __ | Reclass data | — ot | Weighted | _| Amalysis |~ Fire
Interface overlay Mask Hazard

Topogrophy

]
Slope \ &
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Figure 3. Acadia National Park wildfire hazard risk assessment model (adapted from U.S. Forest Service
2010).

We intended to predict biomass from the plot data on a 30m cell grid level from the best
available remotely sensed data, however, due to the initial results described below additional methods
were used to extrapolate the spatial arrangement of biomass in the study area. We used vegetation
flammability categories, which was a reclassification of the vegetation community types at ANP
(National Park Service 2003) to portray biomass in the final wildfire hazard assessment because of the
overall accuracy of the NPS vegetation data and its’ correlation with successional stage and subsequent
relationship to total biomass. Vegetation flammability was defined by how well species burn and was
determined by local fire management professionals. Using the flammability categories (Appendix 1), the
NPS vegetation data were given weights associated with wildfire risk whereby spruce/fir/cedar were
assigned a weight of 5, mixed conifer-deciduous were assigned a weight of 4, red/white/jack/pitch pine



were assigned a weight of 3, birch/aspen/northern hardwood were assigned a weight of 2, and
health/grass/shrub were assigned a weight of 1 in the weighted overlay. The wildfire risk scores were
compared with the total average biomass by stand as measured in the field as a means of assessing the
relationship between the flammability categories and biomass.

Topography has a large impact on fire behavior, of which slope is considered the critical factor.
The steeper the slope the faster the fire will burn (Pyne et al. 1996). South and southwest slopes are the
most critical in terms of start and spread of wildfires (Chuvieco & Congalton 1989; Pyne et al. 1996). For
these reasons, two LANDFIRE data layers were modified and combined in the model: slope and aspect.
The slope data layer identified only those pixels that represented a slope greater than 20 percent. The
aspect data layer identified only those pixels which represented aspect values between 135 and 315
degrees. The data used in the model thus contained only those pixels that had both a slope greater than
20 percent and an aspect between 135 and 315 degrees (U.S. Forest Service 2010). Developed areas,
urban, residential, mixed urban, built-up, roads, and open water as identified by the National Park
Service (2003) received a weight of zero and were masked in the model to eliminate non-burnable
covers from analysis to produce the final wildfire hazard assessment.

Results

Outside of the 1947 fire boundary, the wildfire risk for MDI is generally very high to high with small
pockets of moderate to low risk. Within 1947 fire boundary, the wildfire risk is primarily moderate to
low with small areas of high to very high risk which is primarily due to topography (Figure 4). The
wildfire hazard for Schoodic Peninsula and Isle au Haut is very high to high with small pockets of
moderate to low risk (Figure 5). The input GIS base layers which were used in the weighted overlay and
analysis mask are shown in Appendices 1 through 4. In total six linear regression models were compared
to determine the best fit biomass predictor. Evaluation of the available regional spatial data showed
weak correlations between NDVI, UMASS, NBCD and the reclassified vegetation categories of plot data
used in the linear regressions (Table 2). Appendices 5 through 47 show the model outputs of vegetation
community categories according to spatial data layer (National Park Service: Appendices 5-30; The
Nature Conservancy: Appendices 31-39 and; Scott and Burgan fuel models: Appendices 40-46). All
models were weak, but the ANP vegetation flammability categories with the NDVI spatial data had the
strongest relationship to total biomass as measured in the field (spruce/fir/cedar: p=0.02, r’=0.016;
mixed conifer- deciduous: p=5.67E-08, r’=0.256; red/white/jack/pitch pine: p=0.00079, r’=0.45;
birch/aspen/northern hardwood: p=0.47, r’=0.37) (Table 2, Appendix 1).

Overall classification accuracy for the CART analysis was 0.62 (Kyar=0.327) (Appendix 47), and is
stronger than the species flammability categories alone (accuracy = 0.28, Kyar=-0.09). However,
because this model was also weak we used the flammability categories as the biomass predictor in the
final wildfire hazard assessment because based on results of a thematic accuracy assessment, the
estimated overall accuracy for vegetation classes representing ANP community types is 0.80, with a Kyar
index of 0.79 (National Park Service 2003). We used vegetation flammability categories as the biomass
predictor because of the overall accuracy of the NPS vegetation data and its’ correlation with
successional stage and subsequent relationship to total biomass.

The wildfire hazard for the entire study area with plot data symbolized by fuel loads (average
total tons/acre) as a means of visually assessing the accuracy of the final product is shown in Figure 6.
Across all stands sampled, total dead downded woody fuel ranged from 1.32 to 28.04 tons/acre.
Standing live trees ranged from 12.9 to 78.1 tons/acre. Standing live regeneration ranged from 0.04 to
0.62 tons/acre. Standing live shrubs ranged from 0.07 to 46.82 tons/acre. Standing dead trees ranged
from 0.10 to 17.6 tons/acre. Standing dead regeneration ranged from 0 to 0.16 tons/acre. Standing dead
shrubs ranged from 0 to 0.29 tons/acre (Table 3). The values presented in Table 3 are the values



associated with the total fuel loads by stand shown in Figure 6. The average duff depth for all sampled
stands ranged from 1.24 to 7.70 inches. Average fuel height ranged from 0.84 to 9.97 inches. Average
depth to bedrock ranged from 2.24 to 17.4 inches. Average percent canopy closure ranged from 0.42 to
0.96 percent closure (Table 4). This model met the goal to improve upon the Scott and Burgan fuel
model layer (Table 2) which was used in the Northeast Wildfire Risk Assessment (U.S. Forest Service
2010).
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Figure 4. Wildfire hazard for Mount Desert Island, Maine.




Figure 5. Wildfire hazard for Schoodic Peninsula (left) and Isle au Haut (right), Maine.
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Figure 6. Wildfire hazard for Mount Desert Island, Isle au Haut and Schoodic Peninsula with plot data
symbolized by fuel loads (average total tons/acre).




Table 2. Linear regression outputs of plot data classified by community types according to satellite imagery options for biomass mapping.
X indicates sample size too small for statistical inference.
GIS Spatial Data Layers

NDVI UMASS NBCD
pvalue= r’= pvalue= r’= pvalue= r’=
unclassified plot data (n=471) 0.0003 0.02 0.04 0.008 0.01 0.012
classified plot data by GIS data community types: plotcount(n) pvalue= r’= pvalue= r’= pvalue= r’=
National Park Service conifer 235 0.2136 0.00237 0.9972 -0.00472 0.7951 -0.004
mixed 82 9.28E-12  0.2593 0.01948 0.03106 0.03698 0.02192
deciduous 154 0.04716 0.03645 0.7202 -0.01224 0.8717 -0.01217
conifer 235 0.2136 0.00237 0.9972 -0.00472 0.7951 -0.004
mixed (mixed and deciduous combined above) 236  1.34E-12 0.1902 0.001509 0.04141 0.004088 0.03057
(A)spruce/fir/cedar 270 0.02019 0.01631 0.8964 -0.00389 0.1565 0.003775
(B)mixed conifer-deciduous 99 5.67E-08 0.2556 0.252 0.003827 0.07246 0.02291
(C)red/white/jack/pitch pine 20 0.0007884 0.4449 0.4636 -0.02966 0.02501  0.2076
(D)birch/aspen/northern hardwoods 82 0.04716 0.03645 0.7202 -0.01224 0.8717 -0.01217
(H)high 270  0.02019 0.01631 0.8964 -0.00389 0.1565 0.003775
(M)medium 119 6.64E-09 0.2444 0.2125 0.005601 0.1902 0.006198
(L)low 82 0.04716 0.03645 0.7202 -0.01224 0.8717 -0.01217
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Table 3. Fuel loading in 2016 for dead, downded woody material and standing live and dead material (tons/acre).

* indicates stands burned in 1947.

Downded Woody Fuel Standing Woody Fuel
(tons/acre) (tons/acre)
Fuel Model Sound Rotten Live Dead

NFDRS  FBPS  Stand 1-hr. 10-hr 100-hr 1000-hr 1000-hr Total Trees STDEV Regen. STDEV Shrubs STDEV Trees STDEV Regen. STDEV Shrubs STDEV
H 8 ACOL 042 013 197 859 200 13.11 773 2571 012 015 066 178 96 811 002 0.04 0.00 0.00
R/E 8/9 *ACO2 035 015 176 0.78 126 431 66 2061 0.06 0.08 0.58 1.28 95 755 003 0.07 0.00 000
R/E 8/9 ACO3 037 011 116 332 3.03 7.99 733 2292 010 007 008 0.13 61 679 001 003 000 000
H™ 8 AC0O4 061 014 094 28 401 851 781 17.02 018 027 150 3.50 79 867 015 031 000 o001
H 8 ACO5 041 010 141 288 179  6.59 43 1548 010 012 059 227 67 471 001 0.03 000 0.00
H™ 8 ACO6 036 011 140 1226 1.65 15.78 719 2890 020 018 166 218 128 7.80 0.01 003 004 012
R/E 8/9 *ACO7 030 012 170 0.08 138  3.59 619 1638 013 021 013 012 55 504 001 001 000 0.00
Q’ 6 *ACO8 052 008 117 0.05 222 4.05 216 1323 004 006 098 111 03 078 003 0.05 000 000
R/E 8/9 *AC09 028 010 134 098 1.05 3.76 726 238 010 017 007 0.07 28 392 002 0.05 000 000
H™ 8 AC11 075 014 120 356 338 9.04 541 1821 006 009 053 0.70 176 917 0.03 006 002 0.10

H r 8 ACI12 1.21 0.17 1.40 4.24 579 1281 45.7 19.05 014 021 2.44 5.01 6.1 5.89 001 004 0.06 0.27
H” 8 AC13 190 043 767 1221 5.82 28.04 184 1797 035 042 0.8 174 83 855 001 0.02 002 007
H™ 8 AC15 074 016 227 430 482 1229 65 2428 012 020 33.94 9032 13 1072 000 0.01 0.00 0.00
R/E 8/9 ACl6 065 016 158 420 495 11.55 73 2244 013 012 075 080 161 978 0.01 003 003 0.09
H™ 8 AC17 08 012 161 934 801 1992 76 20.77 048 0.60 46.82 139.34 154 1146 0.07 013 003 0.06
H™ 8 AC18 08 016 170 819 203 1291 59.86 19.51 032 041 3671 7530 766 58 003 007 000 0.0
R/E 8/9 AC19 069 010 130 3.8 140 7.30 6571 1780 036 064 441 6.16 950 921 008 015 000 0.01
Q" 6 AC20 067 009 018 141 0.06 241 386 1215 010 016 064 0.64 48 659 0.00 000 000 0.00
¢’ 10 AC2 113 017 177 166 396 8.68 356 2424 025 048 061 0.65 36 492 016 027 022 093
R/E 8/9 AC23 055 012 226 370 582 1245 738 1674 010 011 031 0.70 125 1021 0.01 003 000 0.00
Q’ 6 AC24 053 013 061 005 0.00 1.32 357 13.02 005 005 378 242 1.8 202 000 000 000 0.00
R/E 8/9 *AC25 023 0.06 094 0.05 0.25 153 129 997 006 014 047 053 01 066 001 0.02 000 000
G’ 10 AC26 101 017 268 563 443 13.92 486 2421 062 0.68 149 174 165 982 0.01 002 029 108
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Table 4. Average duff depth, fuel height, depth to bedrock, and percent canopy closure for stands
sampled in 2016. * indicates stands burned in 1947.

Average Average Average Average
Stand Duff Depth (in.) STDEV Fuel Height (in.) STDEV Depth to Bedrock (in.) STDEV Canopy Density (%) STDEV
AC01 2,51 199 3.68 7.11 9.20 3.25 092 0.14
*ACO2 3.39 170 1.49 1.07 17.40 5.30 0.93 0.02
ACO03 219 141 148 1.47 12.15 5.34 0.96 0.01
AC04 4,52 155 1.10 0.94 10.07 3.09 0.88 0.04
ACO05 1.24 131 221 3.22 224 241 0.87 0.10
ACO06 3.66 1.63 5.94 10.52 11.01 3.82 0.84 0.13
*ACO7 3.05 1.03 1.11 0.76 791 331 0.86 0.05
*ACO8 3.61 1.48 0.84 0.81 544 281 042 0.33
*ACO9 1.97 0.99 1.66 3.61 11.06 3.70 0.92 0.04
AC11 495 215 2.54 2.26 8.69 3.64 0.83 0.09
AC12 7.70 244 431 7.46 8.64 2.67 0.74 0.16
AC13 437 2.87 9.97 10.40 8.07 3.39 0.53 0.30
AC15 592 249 5.18 6.81 7.36  3.43 0.81 0.09
AC16 488 1.04 1.04 1.04 8.76  2.93 092 0.04
AC17 7.32  4.07 1.70 3.29 10.01 5.98 0.82 0.10
AC18 6.59 1.72 3.57 3.50 10.23  3.60 0.85 0.08
AC19 548 1.91 2,51 3.89 12.57 4.56 0.89 0.04
AC20 442 2.04 418 7.15 8.66 3.88 0.74 0.19
AC22 459 2.45 2.84 4.57 6.66 3.30 0.67 0.30
AC23 246 1.51 462 5.13 12.73 6.63 0.88 0.06
AC24 506 234 2.84 2.46 539 223 0.60 0.19
*AC25 349 234 1.15 1.29 523 3.47 042 0.35
AC26 532 204 2.89 5.49 10.84 3.26 0.81 0.16
Discussion

The purpose of this research was to identify areas in and nearby ANP with high wildfire risk to focus
management resources in the areas of greatest need of fuel reduction. The methodology was
moderately successful in mapping the delineation of fuel loads across the study area. The greatest

limitation is that the best available remotely sensed data do not penetrate the canopy of the forest and

so only measure above-ground live biomass. Assessment of surface fuels under tree canopies with
remotely sensed data has proven in the past to be difficult (Miller et al. 2003). Our intent was to map
the total biomass accounting for vertical structure of both live and dead fuels. Given the limitations of
available remotely sensed data, we used existing vegetation type data as a surrogate for fuel loads.
However, vegetation type alone is not an optimized proxy for fuel loading. The distribution and
accumulation of fuels is highly variable (Brown & Bevins 1986) and dependent upon the combined
vegetation type, disturbance regime or stand history, structural stage classes, soils, and/or moisture
availability (Keane et al. 2000, 2001; Brandis & Jacobson 2003; Miller et al. 2003). Variability of fuels
within vegetation type can be greater than variation between types (Miller et al. 2003). Further, if the
vegetation type is misclassified in the underlying data, then it will carry through to the final product.
Active remote sensing platforms such as light detection and ranging (lidar) have been used to
predict fuel loads, and in general have achieved stronger relationships (Falkowski et al. 2005). Higher
accuracies using lidar data are to be expected given their higher information content. A significant
amount of the lidar energy can penetrate the forest canopy just like sunlight. Thus, lidar systems can
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record information starting from the top of the canopy through the canopy all the way to the ground.
This makes lidar highly valuable for understanding vertical structure of the forest. Future fuels mapping
efforts at ANP may be more successful by integrating multispectral satellite data with hyperspectral
data, lidar data, or both. However availability of low-cost satellite hyperspectral and lidar datasets is
limited, and the costs of acquiring and analyzing such data is impractical for most land managers
(Falkowski et al. 2005).

Further, it is recognized that the incidence of wildfire due to human-caused ignition while
recreating is a missing component in this mapping effort. Often the occurrence and location of wildfire
at ANP reflects the activities of humans who cause fires and potentially increase the wildfire risk factor.
Inclusion of historical fire occurrence data would enhance the human- ignition potential in the model.
Although, human behavior cannot accurately be modeled; fires resulting from malicious intentions or
accidents can occur throughout the region when conditions are suitable. Education and preventative
measures can mitigate some threat to personal property regardless of the risk or hazard levels.

Due to variances in the reliability of the input data, the scale at which this analysis was
conducted, and the range of fuels present throughout the area, conclusions based on the findings of this
wildfire risk assessment should be carefully considered at the prescribed fire burn unit scale. However,
there is general consensus by ANP land managers who are familiar with local variation that this map
generally depicts the wildfire risk at ANP. Although hazard and risk mapping can provide insight into the
potential long-term distribution of wildfires, managers and property owners need to continually assess
local site conditions as small changes are beyond the scope of this study.

Conclusion

Wildfires pose a serious threat to property and resources, and managers are faced with important
management decisions about how to best allocate the limited resources available. Wildfire hazard
mapping provides supplemental information on which to base the limited resource allocations. This
study aims to provide a tool to spatially project the risk of wildfires across ANP and surrounding
landscape. The projected increase in population, pressure for land use change, and declining State and
Federal budgets will result in more complex fire suppression strategies. MDI has and will continue to
experience a marked increase in human development and visitation in areas surrounding ANP thereby
increasing the likelihood of human-caused ignitions. This coupled with the uncertainties of climate
change may significantly increase the vulnerability of wildfire occurrence at ANP. The fire management
program at ANP must continue to operate strategically and efficiently to meet this paradigm.
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Appendix 1. Vegetation flamability of Mount Desert Island. Source: Spatial Vegetation Data for Acadia

National Park Vegetation Mapping Project, U.S. Geological Survey, Center for Biological Informatics.
2003. Vegetation Information for the Acadia National Park Vegetation Inventory Project.
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To express vegetation flammability, cover types were grouped as follows:
(NOT by order of significance)

A. Spruce/fir/cedar (60-100% canopy closure)
Spruce-fir forest (conifer phase)
Spruce-fir forest (mixed phase)
White cedar woodland
Conifer swamp woodland (white cedar stage)
Conifer swamp woodland (spruce-mix phase)
Evergreen plantation

B. Mixed conifer-deciduous (25-60% canopy closure)
Mixed conifer woodland
Mixed conifer-deciduous woodland
White pine —hardwood forest
White pine-mixed conifer forest
Oak-pine forest

C. Red, white, jack, pitch pine:
Pitch pine heath barren
Red pine-white pine forest
Pitch pine-corema woodland
Pitch pine woodland
Jack pine woodland

D. Birch-aspen/northern hardwoods:
Aspen-birch woodland/forest complex (woodland phase)
Aspen-birch woodland/forest complex (forest phase)
Aspen-birch woodland/forest complex (shrubland phase)
Beech-birch-maple forest
Red oak woodland
Mixed deciduous shrubland
Red maple-hardwood swamp

E. Health, grass, shrub
Alder shrubland
Perennial grass crops
Perennial grass crops with sparse shrubs
Mixed-grass forb
Fen Complex
Crowberry-bayberry headland
Dune grassland
Sweetgale mixed shrub fen
Sparsely vegetated talus
Dwarf shrub bog
Blueberry bald-summit shrubland complex
Other agricultural land
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Appendix 2. LANDFIRE slope data reclassified to only identify those pixels that represent a slope greater
than 20 percent.
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Appendix 3. LANDFIRE aspect data reclassified to only include between 135 and 315 degrees. Within this
range, solar heating of fuels is expected to contribute to an increase in wildfire risk.
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Appendix 4. Topography map which combines LANDFIRE slope and aspect data. The topography map
contains only those pixels which are greater than 20% slope and an aspect between 135 and 315
degrees.
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Appendix 5. NPS vegetation types by communities as identfied in the field. Highlighted grey shows incorect classifications in NPS GIS data layer.

Count of Community Type Column Labels ¥

Row Labels ¥ 'birch-aspen
Aspen-Birch (ABF) 11
Mixed Conifer (MCW)

Beech-Birch-Maple (MDF) 8
Mixed Conifer-Decideous (MW) 19
Pitch Pine (PPW) 1
Red Oak (ROW) 1
Spruce-Fir Forest [conifer phase](SF)

Spruce-Fir Forest [mixed phase] (SFM)

White Cedar Woodland (WCW)

White Pine - Mixed Conifer (WPC)

White Pine - Hardwood (WPM)

Grand Total 40

cedar mixed conifer - hardwood

20

2
40

34

40

mixed harwood - conifer

3

40

northern hardwood

36

40

old growth spruce

19

2

17

19
20

4
40 2

3

116
34

18

191

pitch pine  red oak ~ spruce/fir Grand Total

1
4
50
19
2
il
176
74
2
19
20
an
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Appendix 6. Reclassification of NPS community types into 3 categories: conifer, mixed, deciduous (‘green’). Highlighted grey shows incorrect
classifications in NPS reclassification GIS data layer.

Count of NPS reclass Column Labels
Row Labels ¥ hirch-aspen cedar mixed conifer - hardwood mixed harwood - conifer northern hardwood old growth spruce pitch pine red oak sprucelfir Grand Total

conifer 1 2 3 2 1 19 23 134 235
Oreen 2 b 3 2 8
mixed 19 2 5 3 3 1 17 57 154
Grand Total 0 40 40 40 40 20 0 2 191 471

Conifer: WPC, SF, PPW, WCW
Green: ABF, MDF, ROW
Mixed: SFM, MCW, MW, WPM

*see Appendix 5 for code explanations
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Appendix 7. NPS vegetation reclassification -total conifer biomass (tons/acre) by NDVI, UMASS, and
NBCD raster values.
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Appendix 8. NPS vegetation reclassification — Vertical structure of conifer biomass (tons/acre) by
satellite imagery options (NDVI of Landsat 8 image, UMASS Biomass, and National Biomass and Carbon

Dataset).
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Appendix 9. NPS vegetation reclassification -total mixed biomass (tons/acre) by NDVI, UMASS, and NBCD

raster values.
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Appendix 10. NPS vegetation reclassification — Vertical structure of mixed biomass (tons/acre) by
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satellite imagery options (NDVI of Landsat 8 image, UMASS Biomass, and National Biomass and Carbon

Dataset).
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Appendix 11. NPS vegetation reclassification -total deciduous biomass (tons/acre) by NDVI, UMASS, and

NBCD raster values.
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Appendix 12. NPS vegetation reclassification — Vertical structure of deciduous biomass (tons/acre) by
satellite imagery options (NDVI of Landsat 8 image, UMASS Biomass, and National Biomass and Carbon
Dataset).
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Appendix 13. Reclassification of NPS community types into 2 categories: conifer and mixed. Highlighted grey shows incorrect classifications in
NPS reclassification GIS data layer.

Count of NPS reclass Column Labels|*

Row Labels ! birch-aspen cedar mixed conifer - hardwood mixed harwood - conifer northern hardwood old growth spruce pitch pine red oak spruce/fir Grand Total
conifer 1 2 3% 2 1 19 23 134 235
mixed v 2 5 38 39 1 17 2 57 236
Grand Total 0 40 40 40 40 2 40 2 191 4mn
Conifer:

See ‘Conifer’ above as it’s the same.
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Mixed (mixed and green combined from above example):
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Appendix 14. NPS vegetation reclassification -total mixed (mixed and green combined from above
example) biomass (tons/acre) by NDVI, UMASS, and NBCD raster values.
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Appendix 15. NPS vegetation reclassification — Vertical structure of mixed (green and mixed combined in
above example) biomass (tons/acre) by satellite imagery options (NDVI of Landsat 8 image, UMASS

Biomass, and National Biomass and Carbon Dataset).
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Appendix 16. Reclassification of NPS community types into vegetation flammability categories. Highlighted grey shows incorrect classifications in
NPS reclassification GIS data layer.

Count of FLAM_reclass Column Labels | ™

Row Labels T lbirch-aspen cedar mixed conifer - hardwood mixed harwood - conifer northern hardwood old growth spruce pitch pine red oak spruce/fir (blank) Grand Total
A 20 39 34 4 19 4 150 270
B 19 20 1 1 17 4 9
C 1 19 20
D 20 6 36 20 82
Grand Total 40 40 40 40 40 20 40 20 191 471

A= spruce/fir/cedar; B=mixed conifer/deciduous; C=red/white/jack/pitch pine; D=birch/aspen/northern hardwoods ; E=health/grass/shrub;
F=water; G=developed
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A, spruce/fir/cedar:
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Appendix 17. NPS vegetation reclassification -total spruce/fir/cedar biomass (tons/acre) by NDVI,
UMASS, and NBCD raster values.
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Appendix 18. NPS vegetation reclassification — Vertical structure of spruce/fir/cedar biomass (tons/acre)

by satellite imagery options (NDVI of Landsat 8 image, UMASS Biomass, and National Biomass and

Carbon Dataset).
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B, mixed conifer/deciduous:
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Appendix 19. NPS vegetation reclassification -total mixed conifer/deciduous biomass (tons/acre) by

NDVI, UMASS, and NBCD raster values.
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Appendix 20. NPS vegetation reclassification — Vertical structure of mixed conifer/deciduous biomass
(tons/acre) by satellite imagery options (NDVI of Landsat 8 image, UMASS Biomass, and National
Biomass and Carbon Dataset).



C, red/white/jack/pitch pine:
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Appendix 21. NPS vegetation reclassification -total red/white/jack/pitch pine biomass (tons/acre) by
NDVI, UMASS, and NBCD raster values.
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Appendix 22. NPS vegetation reclassification — Vertical structure of red/white/jack/pitch pine biomass
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(tons/acre) by satellite imagery options (NDVI of Landsat 8 image, UMASS Biomass, and National

Biomass and Carbon Dataset).
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D, birch/aspen/northern hardwoods:
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Appendix 23. NPS vegetation reclassification -total birch/aspen/northern hardwoods biomass
(tons/acre) by NDVI, UMASS, and NBCD raster values.
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Appendix 24. NPS vegetation reclassification — Vertical structure of birch/aspen/northern hardwoods

biomass (tons/acre) by satellite imagery options (NDVI of Landsat 8 image, UMASS Biomass, and

National Biomass and Carbon Dataset).
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Appendix 25. NPS vegetation reclassification —high total biomass (tons/acre) by NDVI, UMASS, and NBCD

raster values.
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Appendix 26. NPS vegetation reclassification — Vertical structure of high total biomass (tons/acre) by
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satellite imagery options (NDVI of Landsat 8 image, UMASS Biomass, and National Biomass and Carbon

Dataset).
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Appendix 27. NPS vegetation reclassification —medium total biomass (tons/acre) by NDVI, UMASS, and

NBCD raster values.
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Appendix 28. NPS vegetation reclassification — Vertical structure of medium total biomass (tons/acre) by
satellite imagery options (NDVI of Landsat 8 image, UMASS Biomass, and National Biomass and Carbon

Dataset).
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Appendix 29. NPS vegetation reclassification —low total biomass (tons/acre) by NDVI, UMASS, and NBCD
raster values.

46



00 06 0 10 20 10 20 30 50 150
L1 L1l L1111 L1 -
Tress_ 1o - ™
-0.04 -0.02 -0.05 0.98 -0.65 017 0.00 000 g 5
=
g + Regen_wn
ﬂ . 1}3‘ 0.01 -0.01 -0.04 0.06 -0.09 0.05 013
(=]
o
+ + ShnuE_ o : [e]
. . -0.05 0.01 -0.02 0.07 0.05 012 |
L S o Fuel_fors
*ﬂ ﬁg L E,H 016 | | 0.04 | | 035 | | 0.01 | | 0.08
= [
| it Tegal E o
ﬁ\, bh ﬁ""’ 065 | | -024 | | 0.00 0.01 E
A a
o
= x ki ¥ T Blomass_gp
% : E] - @»¥ 022 || 009 || 003
o " |
—*ﬁ?ﬁ e . r‘m RASTERVALU =
ey B _ s s 002 | | 001 E .
o
— = + ! + hd iy ._.h.'ASS
% —
N E %+ | [ e A dF . 5CD
NERE EREERE ~ B
20 380 0 2 4 20 B0 044 052 500 &50

Appendix 30. NPS vegetation reclassification — Vertical structure of low total biomass (tons/acre) by
satellite imagery options (NDVI of Landsat 8 image, UMASS Biomass, and National Biomass and Carbon
Dataset).
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Appendix 31. TNC vegetation community types by communities as identfied in the field. Highlighted grey shows incorect classifications in TNC

GIS data layer.

Count of Community Type Column Labels |
Row Labels ¥ birch-aspen
Acadian Low Elevation Spruce-Fir-Hardwood Forest 2
Acadian Sub-boreal Spruce Flat

Acidic CIiff and Talus

Acidic Rocky Outcrop

Developed 1
Laurentian-Acadian Northen Harcwood Forest 2
Laurentian-Acadian Red Oak-Northem Hardwood Forest 15
Northern Appalachian-Acadian Conifer-Hardwood Acidlic Swamp

Grand Total 4

14
5
10

10

4

38
1

4

3
3

4

3

40

10

2

8
19

4

2

10

2

173

16

191

cedar mixed conifer - hardwood mixed harwood - conifer northern hardwood old growth spruce pitch pine red oak spruceffir Grand Total

30
28
19

1
3
kil
3

2

471
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Appendix 32. TNC vegetation classification -total spruce-fir hardwood biomass (tons/acre) by NDVI,
UMASS, and NBCD raster values (n=320 plots, only TNC category with a large enough plot n).
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Appendix 33. TNC spruce-fir hardwood vegetation classification - All vertical structure biomass

(tons/acre) by satellite imagery options (NDVI of 2016 Landsat 8 image, UMASS Biomass, and National

Biomass and Carbon Dataset).
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Appendix 34. TNC vegetation reclassification -conifer biomass (tons/acre) by NDVI, UMASS, and NBCD
raster values.
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Appendix 35. TNC conifer vegetation reclassification - All vertical structure biomass (tons/acre) by
satellite imagery options (NDVI of 2016 Landsat 8 image, UMASS Biomass, and National Biomass and
Carbon Dataset).
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Appendix 36. TNC vegetation reclassification -mixed biomass (tons/acre) by NDVI, UMASS, and NBCD
raster values.
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Appendix 37. TNC mixed vegetation reclassification - All vertical structure biomass (tons/acre) by
satellite imagery options (NDVI of 2016 Landsat 8 image, UMASS Biomass, and National Biomass and
Carbon Dataset).
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Appendix 38. TNC vegetation reclassification -deciduous biomass (tons/acre) by NDVI, UMASS, and
NBCD raster values.

55



0.0 1.0 0 &80 120 1.0 20 3.0 0 100

T | I I | | I | L1 1 =
0.01 0.16 016 0.90 0.30 0.46 028 022 E2
E M Feger_ton
| ] 004 036 013 0.00 014 008 0.09
o
[am]
SNruns_ W0 -
I 002 0.34 016 018 | | -0.02 005 E©
et b o
[ Fuel__fors
8 3 - £ . E 052 016 027 | | 016 0.05
[am]
G " ~ - 8
o By V . IﬂIFIL 0.34 0.22 0.19 021 [
o
[am]
- * N T = Blemnzss_gmn
q:-@ A @& 0.08 | | 002 | |-0.08
4 * P . RASTERVALL =
B b B [ 8 (oo [o2 £
o
o - - z UMASS
- e P B @ | | bt el Mg | g0
o e 5 . : =
:."ov-: e o :m-n?" H 1 +oint * e — o
TTT

THTTTT i
0.30 0.50 0 400

I TTT T T T
0 &0 120 0 40 &0

= —
—
= —
o

Appendix 39. TNC deciduous vegetation reclassification - All vertical structure biomass (tons/acre) by
satellite imagery options (NDVI of 2016 Landsat 8 image, UMASS Biomass, and National Biomass and
Carbon Dataset).



Appendix 40. Scott and Burgan 40 Fuel Models (LANDFIRE data) by community types as identfied in the field. Some of these are not correct but

which ones are unknown. This is in-part the point of mapping the biomass, to improve this Scott and Burgan 40 Fuel Models data layer for ANP.

Count of SB_CT Column Labels ™

Row Labels |™/birch-aspen cedar mixed conifer - hardwood mixed harwood - conifer northern hardwood old growth spruce pitch pine red oak spruceffir Grand Total
GS1 1 2 3
GS3 2 2 4
NB1 2 1 1 1 3 1
SH3 1 3 8 2 5 19
TL2 8 27 8 7 2 3 18 2 105
TL3 17 10 6 2 7 9 24 75
TL5 10 5 13 27 9 1 19 115 199
TL6 3 1 1 8
TUL 3 1 2 5 1 9 21
TU3 2 13 1 2 8 26
Grand Total 40 40 40 40 40 20 40 20 191 471

GS=Grass Shrub; NB= Non Burnable; SH= Shrub; TL=Timber Litter; TU=Timber Understory
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Appendix 41. Landfire: Scott and Burgan Fuel Model classifications —TL2 total biomass (tons/acre) by
NDVI, UMASS, and NBCD raster values.
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Appendix 42. Landfire: Scott and Burgan Fuel Model classifications — Vertical structure of TL2 total
biomass (tons/acre) by satellite imagery options (NDVI of Landsat 8 image, UMASS Biomass, and
National Biomass and Carbon Dataset).
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Appendix 43. Landfire: Scott and Burgan Fuel Model classifications —TL3 total biomass (tons/acre) by
NDVI, UMASS, and NBCD raster values.
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Appendix 44. Landfire: Scott and Burgan Fuel Model classifications — Vertical structure of TL3 total
biomass (tons/acre) by satellite imagery options (NDVI of Landsat 8 image, UMASS Biomass, and
National Biomass and Carbon Dataset).
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Appendix 45. Landfire: Scott and Burgan Fuel Model classifications —TL5 total biomass (tons/acre) by
NDVI, UMASS, and NBCD raster values.

62



0.0 1.5 3.0 0 40 100 0.25 045 200 600
11111111 T | I 1 1 1 1

P || 003 || 008 || o010 || o056 || o020 || o012 || 000 FE
i % mf || 002 || 018 || 002 || 017 || 005 || 015
| ke ||| 007 || 083 || 010|001 008 ES
o e . =.E|_'.0"'-5-
j S Lk 025 || 017 || 001 || -0.02
ol =2
: Ei / : , 001 || 004 || 007 E°
§: Sa . RASTERVALL
7| wl vl vl Y.l IETET
= 'wno P - . ., UMASS —
o B | b e | ] B [ o |
R | E N "::' e | [ "' NELD
§E‘zwﬂ::* E P/\ v B E A

i
I I I'TTTTTT TTTTTTT

0 50 150 0 300 &00 0 300 YOO 50 150

Appendix 46. Landfire: Scott and Burgan Fuel Model classifications — Vertical structure of TL5 total
biomass (tons/acre) by satellite imagery options (NDVI of Landsat 8 image, UMASS Biomass, and
National Biomass and Carbon Dataset).

Sample size (n) was too small for statistical inference in the remaining categories: TL6, TU1, TU3, GS1,
GS3, NB1, and SH3.
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Appendix 47. Classification and Regression Tree (CART) output, RASTERVALU is NDVI.
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