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Introduction

The Cerro Grande Fire burned a large part of the eastern Jemez Mountains from
May 4 to June 6 of 2000 (Site- Wide Issues Program Office 2000). On lands that were
undeveloped during that time 2ericd, the fire burned in a variety of vegetation types and
at a range of burn severities ard fire intensities. As a result of the Cerro Grande Fire,
extensive and sometimes draniatic changes occurred to the ecosystems of the Los Alamos
region. The results of the fire 1ad immediate, as well as long-term, effects to the residual
wildfire hazards, the vegetaticn compositions and structures, the potential for soil erosion
and contaminant transport, the status of wildlife habitat, and other ecosystem functions.

In addition to impactir g the ecosystems of the Los Alamos region, the Cerro
Grande Fire had important im slications to management capabilities of the affected
landowners. Many of our technical capabilities and resources for management and
planning were made obsolete. These include the reduced usefulness of previously
developed land cover maps, a; a result of major changes and alterations to land cover
types and distributions. In ad¢ition, spatial data layers used in wildfire behavior modeling
and forest growth modeling and databases of fuels and fire hazards in forests and
woodlands were also severely affected. To meet the scientific and management
challenges presented by these char.ges, it is important to know the extent and intensity to
which the Cerro Grande Fire burned and the amounts of the major vegetation types that
were impacted by this fire.

Several independent e stimates of the acreage burmed by the Cerro Grande Fire
have been reported. One of th: early investigations of the fire estimated “as of May 17
the fire was uncontrolled and approaching over 45,000 acres” (Fire Investigation Team
2000; page 1). Another early cstimate of the size of this fire stated that by May 17, 2000,
approximately 47,000 acres hiad burned (DeClay et al. 2000). A Los Alamos National
Laboratory (LANL) report es'imated that the “total acreage burned was about 43,000
acres...” (Site-Wide Issues Piogram Office 2000, page 14). A statement prepared for the
U.S. Senate offered the follovsing sstimate: “in the end about 48,000 acres were burned”
by the Cerro Grande Fire (Hill 2000; page 1). Moreover, a report to study the
implementation of Federal wildland fire policy quoted that the Cerro Grande Fire “burned
47,650 acres” (Panel of the National Academy of Public Administration 2000, page 1).
The Interagency Cerro Grand: Firz Burned Area Evaluation and Rehabilitation (BAER)
Team estimated that the Cerr» Grande Fire burned 42,878 acres in their final report
(BAER 2000). Finally, a report to assess the impacts associated with emergency activities
conducted at LANL in respor se to the Cerro Grande Fire indicated that a total of 43,150
acres were burned (DOE/LAAQ 2000). There may be other estimates of the overall
acreage covered by the Cerro Grande Fire that were not available at the time of writing
this report. There are also no assumptions regarding the relative accuracies of the
gstimates quoted here. Regarcless, there is a range of estimates of the size of the Cerro
Grande Fire. In addition to th: overall size of the Cerro Grande Fire, the relative impacts
of the fire to individual ecosystem types have not been documented.






The Cerro Grande Fire

The Cerro Grande Fire was initiated on May 4, 2000, and was fully contained by
June 6, 2000 (Site-Wide Issues Program Office 2000). During the course of this fire, it
burned on lands owned and m inagzd by several agencies and organizations. The
approximate boundaries of mc st of these ownership entities are shown in Figure 1. Figure
1 also shows the perimeter of he Cerro Grande Fire, as documented by the Cerro Grande
BAER Team (BAER 2000).

Most of the Cerro Grande Fire burned on the Espafiola Ranger District of the
Santa Fe National Forest, LANL (ILANL/DOE in Figure 1), and the Santa Clara Pueblo
(Figure 1). Additional areas that were burned include those administered by the Bandelier
National Monument, Pajarito Mountain Ski Area (not shown in Figure 1), San Ildefonso
Pueblo, private lands in the Los Alamos town site, Department of Energy lands in
Rendija Canyon (LANL/DOE in Figure 1), and other private entities. To the west, the
Cerro Grande Fire also burnec on portions of formerly private lands that are now owned
by the United States Federal (overnment and managed as the Valles Caldera National
Preserve. Note that the ownerthip boundaries in Figure 1, as adapted from the Facility
Information Management, Analysis, and Display Database at LANL, are approximate
and inaccuracies may exist. Major geographic features in the vicinity of the Cerro Grande
Fire are shown in Figure 2.

Although the Cerro Giande Fire was classified as an active fire for more than a
month, the majority of this fir: burned in a matter of a few days. This is depicted by the
daily perimeters of the fire as they were estimated and mapped by the Cerro Grande Fire
BAER Team (BAER 2000) and by the Cerro Grande Fire, Incident Command Team
(Cerro Grande Fire, Incident (Comimand 2000). The map of the daily perimeter and fire
progression developed by the BAER Team is shown in Figure 3. The Incident Command
fire perimeter map required a one-day correction of the dates to match the time of the
actual burn before the final mip cculd be produced (Figure 4). In both cases, the days
with the most extensive burn or the greatest relative increase include May 7, May 10,
May 11, and May 13. Significant acreages were also burned on May 12.

Methods

Burn severity and fire intensity are technical terms to describe the behavior of
wildfires, including their resp »nses to the available fuels, local weather conditions, and
topography, and their impacts on ecosystems (DeBano et al. 1998). Bumn severity and fire
intensity are related concepts but o not maintain a one-to-one correspondence (Hartford
and Frandsen 1992). Burn sex erity, also known as fire severity, describes ecosystem
responses to fire (Simard 1991). It can be used to describe the effects of fire on soil and
water systems, flora and faun, and society. In a more narrow sense, burn severity reflects
the relative impact of fire on ground resources such as soil, duff, litter, and surface
vegetation. Burn severity can be classified as follows (DeBano et al. 1998, BAER 2000):


















1998). The limiting factor in fire intensity is the amount of energy stored in the fuel.
Although fire intensity was originally developed as a measure of fire behavior on the
ground surface, it has been extended to the characterization of fires in the overstory
canopies of forests (van Wagnar 1977, Scott and Reinhardt 2001).

The fire intensity map or the Cerro Grande Fire was produced in much the same
manner as the bumn severity mip (BAER 2000). The BAER Team established fire
intensity classes according to the percent mortality in the forest overstory (Figure A-2).
These mortality and fire intensity levels can also be referred to respectively as low,
moderately low, moderately h-gh, and high. The fire intensity classzs adopted from the
BAER Team and used for the purposes of this project are as follows

«  percent to 10 percent overstory mortality or low fire intensity,

10 percent to 40 percent overstory mortality or moderately low fire intensity,
40 percent to 70 percent overstory mortality or moderately high fire intensity, or
» 70 percent to 100 percent overstory mortality or high fire intensity.

Fire intensity can also oe described in terms of the amount of canopy fire that is in
evidence (Scott and Reinhardt 2001). High fire intensity can be thought of as a
continuous canopy fire. Mode -ate fire intensity is in evidence when a fire burns with
intermittent crowning and torching. Low fire intensity refers to fires that burn on the
ground surface, without entering the overstory canopy. As for the burn severity theme, all
areas outside of the collective fire intensity perimeter are considered to be unburmed
(Figure A-2).

Scanned photos showi 1g a variety of fire behaviors exhibited by the Cerro Grande
Fire in several vegetation types are included as Appendix B. These include typical
examples of high, moderate, and low burn severities/fire intensities. Examples for
ponderosa pine forests, mixed conifer forests, and aspen forests are provided, where
available. Descriptive notes fc r each photo, including the plot number, the date of the
photo, the level of burn severity and fire intensity, percent crown scorch, and height of
bole scorch, are also tabulated (Table B-1).

Acreage Estimates for Burn Szverity

To assess the number »f acres burned in the Cerro Grande Fire, by burn severity
and by vegetation type, the Cerro Grande bumn severity spatial theme (BAER 2000) was
used in conjunction with the F'cology Group’s land cover map (Koch et al. 1997). All
spatial themes were processec in ArcView (ESRI 2002a) using the Xtools extension
(DeLaune 2001). Xtools is a (318 extension used for vector spatial analysis, shape
conversions, and table manag :mernit.

To perform the acreags assessment by burn severity, each severity class was
converted to individual spatial theines (Figure A-1). The total number of acres of each
severity class was then deterniined and these were summed to estimate the acreage of the
entire area that was bumed. Next, the spatial themes for high, moderate, and low burn
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Frequency Distribution of Pol.gon Size Classes

The size distributions ¢ f the individual polygons were calculated for both the burn
severity map and for the fire ir tensity map. For the bumn severity map (Figure A-1), the
acreages were estimated for ezch polygon. Then the polygons were ordered by burn
severity level and then by size These results were used to construct frequency
histograms, by burn severity level, in 50-acre classes.

The analysis for the fir: intensity map (Figure A-2) was performed in a manner
similar to that for the bum sevzrity map. However, the process in this case was more
difficult because the fire inten:iity map produced by the BAER Team consists of a
combined fire intensity and land ccver classification system (BAER 2000). The land
cover classes that were imbedded in the fire intensity classes incluce aspen, grass, grass-
shrub, pifion-juniper, pondero:a pine, mixed conifer, meadow, oak, riparian-evergreen,
rock-agriculture-developed, white fir, and unclassified. Because of GIS constraints, it was
not possible to eliminate the lend cover classes and conibine adjacent fire intensity
polygons that are of identical 1nortality or fire intensity levels. Therefore, it was decided
to select individual land cover types and construct frequency histograms of polygon sizes
for each type. This was done for pifion-juniper, ponderosa pine, mixed conifer, white fir,
and aspen. The mixed conifer and white fire vegetation categories were combined for the
purposes of this analysis. Size classes of 25 acres were used to construct the final
histograms.

Accuracy Estimates

To provide a partial m:asure of the confidence in the acreage estimates for the
burn severity classes (Figure /-1) and for the fire intensity classes (Figure A-2), by land
cover type (Figure A-3), we e:timated the accuracy of the data layers that were used to
calculate tbese acreages. This consisted of independent accuracy estimates for the burn
severity map (BAER 2000), the fire intensity map (BAER 2000), and the land cover map
(Koch et al. 1997). To provide: a basis for further comparisons with existing maps, we
also conducted accuracy estim ates for a land cover map produced for fuel risk
assessments (Figure A-4; Yocl et &l. 2000) and for a preliminary land cover map
developed using the GENIE algorithm (Figure A-5; Brumby et al. 2002).

The cover types used to classify the fuel risk map (Yool et al. 2000} are as
follows:

clouds,

unvegetated land,

mixed conifer forest,
aspen,

ponderosa pine forest,
pifion-juniper woodlarid,
shrubs,

grassland, and
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recorded with a global positioting system, with post-differential correction. Among the
types of data that were recorded for each plot, the dominance type was categorized as
pifion-juniper woodland, junipzr woodland, shrubland, ponderosa pine forest, mixed
conifer forest, aspen forest, grassland, or spruce-fir forest. The habitat type was also
documented, as were the dominant tree, shrub, forb and graminoid species.

Immediately after the Cerro Grande Fire during the summer of 2000, each of the
previously sampled plots was “evisited to assess the impacts of the fire, and new plots
were also qualitatively sampled to assess the effects of the fire. Many of the methods
used for sampling previous to the Cerro Grande Fire were employed, as described above.
Additional methods were also incorporated as part of the post-fire field sampling process.
In particular, the area of each plot was classified according to its burn severity and fire
intensity. Burn severity classe:; could either be unburned. low severity, moderate seventy,
or high severity. Burn severity was classified using the criteria outlined in DeBano et al.
(1998). Fire inteusity classes could be unbumned, low intensity, moderate intensity, or
high intensity. Fire intensity was classified according to the relative amount of crowning
that had occurred during the Cerro Grande Fire at the sample location. Low fire intensity
was indicated where the fire barned on the ground without entering the overstory canopy,
although some crown scorch and bole scorch could occur. Moderate fire intensity
resulted when the Cerro Grancle Fire exhibited intermittent crowning in one or more
forest patches ranging from a ew to several neighboring trees. The burned forest was
classified as high fire intensity if the entire overstory canopy was consumed during the
fire, and there was apparently 100 »ercent overstory mortality.

There was a one-to-on : correspondence between the map classes for burn severity
(predicted) and the ground saraple classes (actual). As a result, the accuracy of the burn
severity map (Figure A-1) wa; conducted using the original unmodified classes, as
described above. However, th s approach was not possible for the fire intensity map
(Figure A-2). The field data used to assess the accuracy of the fire “ntensity map were
gathered using the following ¢ lassification scheme: unburned, low fire intensity,
moderate fire intensity, and high fire intensity; whereas, the BAER Team divided
moderate fire intensity into maderately low and moderately high (BAER 2000). To
facilitate the analysis, the mox erately low fire intensity class and the moderately high
class used by the BAER Tean: wete combined into one moderate f're intensity class, for
accuracy assessment purposes.

For the most part, therz was perfect correspondence between the land cover
classes from the field plots and from the map that was being analyzed. Where this
assumption was not satisfied, modifications to the original field daza sets (actual) or to the
map classes (predicted) were “equired. For the land cover map developed for fuel risk
assessments (Yool et al. 2000), none of the ground samples (actual) corresponded to the
cloud, developed, or unvegetzted land map classes. As a result, these classes were not
considered further in the analsis of this map (predicted). In addition, a jumiper woodland
plot was disregarded because the map developed by Yool et al. (2000) did not contain a
juniper woodland category. S milarly, for the land cover map developed for habitat
management purposes, a shrusland category was not included (Koch et al. 1997).
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Results
Acreage Estimates for Burn Severity

The estimates of the ar:al coverage for the entire Cerro Grande burn severity map
(BAER 2000), which is based >n a breakdown of land cover types in the map developed
by Koch et al. (1997), are disp ayed in Table C-1. The units of the estimates are in acres
and in percents of the total acr>age. According to this analysis, the total acreage of the
fire is 42,646.7 acres. Howeve:, this value is a slight underestimation that resulted from a
slight lack of correspondence between land cover map (Figure A-3) and the burn severity
map (Figure A-1). The upper limits of the land cover map did not extend over the entire
burn severity map. This area hi the northernmost extent of the Cerro Grande Fire that was
not covered by the land cover map was calculated to be approximately 238.7 acres. The
sum of these two estimates equals 42,885.4 acres for the entire Cerro Grande Fire, based
on the bum severity map.

Over the entire Cerro (irande Fire burn severity map (Figure A-1), excluding the
area in the northernmost extent of the fire that had no correspondence with the land cover
map, 57.0 percent (24,303.1 acres) was burned at low severity (Takle C-1). Another 34.7
percent (14,793.3 acres) was turned at high severity. Only 8.3 percent (3,550.3 acres) of
the area covered by the Cerro Jrande Fire was bumed at moderate severity.

Of the cover types ana yzed in this study, ponderosa pine forests and mmxed
comifer forests were burned more extensively than any other cover type throughout the
entire Cerro Grande Fire (Tab.e C-1). Each of these cover types accounted for
approximately 43.0 percent (13,343 acres) of the entire fire. Of these, nearly 25 percent
(10,572.0 acres) was ponderosa pire forest and low burn severity and another 21.5
percent (9151.8 acres) was mi ced conifer forest at low burn severity. The next most
abundant classes were mixed comifer forest at high burn severity and ponderosa pine
farest at high burn severity, at 19.5 percent (8301.5 acres) and 13.7 percent (5846.0
acres), respectively. Pifion-juniper woodlands contributed 2648.3 acres (6.2 percent) to
the Cerro Grande Fire. Nearly 5 percent (2122.0 acres) of this was at low bummn severity.
No other land cover class or combination of burn severity/land cover type contributed as
much as 5 percent dunng the {ire.

The estimates of the acreages and percentages of the total acres that were burned
by the Cerro Grande Fire on L ANL property are shown in Table C-2. Approximately
7651.1 acres, or 17.8 percent of the entire Cerro Grande Fire, bumed on LANL. Nearly
all of this, 88 percent or 6756.9 actes, was of low bum severity. Approximately 11
percent (844.1 acres) was of nioderate burn severity, and less than 1 percent (50.1 acres)
was burned at high severity.

The mast commonly burned cover type on LANL property, at 61.7 percent
(4718.4 acres), was ponderose pine forest (Table C-2). The next most commonly burned
cover type was pifion-juniper woodlands, at 16.9 percent (1289.7 acres). Large amounts
of grassland on LANL proper y, 10.3 percent or 788.7 acres, were also burned by the
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In a fashion that was si nilar to burn severity, the majority of the Cerro Grande
Fire burned in either ponderos: pine forests or mixed conifer forests, with relatively large
amounts of the fire also occurring in the pifion-juniper woodlands (Table C-4). The
majority of the mixed conifer forest that was burned (23.1 percent or 9845.4 acres) was at
high fire intensity. The ponderasa pine forests that were burned were evenly divided
among the moderately low (16.7 percent or 7121.2 acres), high (14.3 percent or 6105.1
acres), and moderately high (11.8 percent or 5045.2 acres) fire intensity classes. In
contrast to the burn severity results, relatively larger amounts of the mixed conifer forests
were burned at moderate fire i itensities, with lesser amounts in the low fire intensity
class.

On LANL property, 88.7 percent (6837.1 acres) of the Cerro Grande Fire burned
at moderately low fire intensit /, whereas none of the fire was observed to burn at low fire
intensity (Table C-5). An addi ional 10.3 percent (792.0 acres) were burned at moderately
high fire intensities. The moderately high and high fire intensity classes occurred in
proportions similar to that obs :rved for the burm severity data Jayer.

Of the major cover typ=s on LANL, 54.6 percent (4209.2 acres) of the Cerro
Grande Fire occurred in ponderosa pine forest at moderately low fire intensity (Table C-
5). An additional 6.6 percent (513.0 acres) of the ponderosa pine forest was burned at
moderately high fire intensity. Similarly, 15.3 percent (1181.7 acres) of the land was
pifion-juniper woodland burned at moderately low fire intensity. An additional 8.3
percent (639.5 acres) was grassland burned at moderately low fire intensity. Finally, 6.3
percent (488.5 percent) of the area burned on LANL was mixed conifer forest at
moderately low fire intensity.

On lands managed by agencies other than LANL, 48.6 percent (16,984.6 acres) of
the Cerro Grande Fire burned at high fire intensity (Table C-6). An additional 42.6
percent (14,866.0 acres) of the land burned at either moderately high fire intensity or
moderately low fire intensity. Only 8.8 percent of the land (3059.7 acres) was burned at
low fire intensity.

The proportions of the major cover types burned at the various severity levels are
similar to the results for the bumn severity acreage estimates. Within these major cover
types, 28.1 percent (9815.2 acres) of the landscape was occupied by mixed conifer forest
and burned at high fire intensity (Table C-6). The remainder of the mixed conifer forests
that were burned was relatively evenly distributed among the moderately high,
moderately low, and low fire intensity classes. Most of the ponderosa pine forests that
were burned were either in the: high fire intensity class (17.4 percent or 6059.1 acres) or
in the moderately high class ( 3.0 percent or 4532.2 acres). An additional 8.3 percent
(2912.0 acres) of the total arex was ponderosa pine forest burned at moderatety low fire
intensity. None of the other ccmbinations of cover type and fire intensity exceeded 5
percent of the total acres.
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41.3 percent) were of the mod:rately low fire intensity category, with 10 percent to 40
percent mortality.

The largest fire intensi:y polygon that was classified as pifion-juniper occupied
835.9 acres (1.3 square miles) and this was burned at high fire intensity or greater than 70
percent mortality (Table D-2 ¢nd Figure E-2). This polygon is located on the extreme
eastern portion of the large arca of high intensity burn that dominates the central portion
of the Cerro Grande Fire (Figure A-2). In order of decreasing size, the next four
polygons, from 165 acres to 4 25 acres, were burned at moderately low fire intensities.
The next two polygons, 158.2 acres and 161.6 acres, were burned 2t moderately high
intensities, and a polygon of 139.2 acres was burned at moderately low fire intensity. The
next largest two polygons, 115.2 acres and 121.4 acres were burned at high fire
intensities.

Within the fire intensity map, there are 597 polygons that are classified as
ponderosa pine (Table D-3 an1 Figure E-3). Most of these (210 or 35.2 percent) were
within the moderately low fire intensity category, characterized by 10 percent to 40
percent mortality. Of these 597 polygons, 485 (81.2 percent) were less than 25 acres and
429 (71.9 percent) were less than 10 acres. A total of 42 polygons (7.0 percent) were
greater than 100 acres.

The largest fire intensity polygon within the ponderosa pine vegetation type was
3842.7 acres (6.0 square mile:. or 9.0 percent of the entire fire) and this polygon burned at
high fire intensity, or greater than 70 percent mortality (Table D-3 and Figure E-3). This
polygon is located in the cential portion of the Cerro Grande Fire, extending from Los
Alamos Canyon north past the: western boundary of Los Alamos and continuing
northeastward until it merges with the largest fire intensity polygon of pifion-juniper
vegetation that was discussed previously (Figure A-2). Of the polyzons that were greater
than 100 acres, 15 (35.7 percent) burned at high fire intensity, eight (19.0 percent) burned
at inoderately high fire intensity, 17 (40.5 percent) burned at moderately low intensity,
and two (4.8 percent) burned it low fire intensity.

Within the Cerro Grande Fire intensity theme, there were 377 polygons that were
classified by the BAER Team as either mixed conifer or white fir (Table D-4 and Figure
E-4). In contrast to the previo 1s cover types, the most prominent polygon type was the
high fire intensity category, o 70 percent to 100 percent mortality, at 148 or 39.3 percent
of the total. A total of 246 of the 377 polygons (65.2 percent) were less than 10 acres, and
306 polygons (81.2 percent) vsere iess than 25 acres. Moreover, 349 polygons (92.6
percent) were less than 100 acres.

The largest polygon o:” this combined type was 929.3 acres (1.5 square miles or
2.2 percent of the Cerro Granle Fire) and this polygon was burned at low fire intensity,
or 0 to 10 percent mortality (1'able D-4 and Figure E-4). This polygon is located at the
northernmost boundary of the Cerro Grande Fire that borders Santa Clara Canyon (Figure
A-2). The next five largest polygons were burned at high fire intensity, or 70 percent to
100 percent mortality. The laigest of these (593.4 acres or 0.9 square miles) contributes
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any of the cover types, at 84.6 percent, being confused with only ponderosa pine forest.
Grasslands and aspen had the owest fidelity, ranging from 60.0 to 61.5 percent. The
largest source of error on this - nap was between ponderosa pine forests and mixed conifer
forests, with significant contri »utions from the aspen class.

Survey plots from 156 field locations were used to assess the accuracy of the land
cover map developed for fuels risk assessments (Yool et al. 2000). The overall accuracy
of this map was 74.4 percent (Table F-4). The most accurate class was shrubland,
although there was only one simple point available to evaluate this class. Of the
remaining classes, mixed conifer forests were the most accurately mapped, at 86.7
percent. Pifion-juniper woodlands were the least accurately mapped, at 50.0 percent. Sites
classified on the ground as aspen were mapped with 100 percent accuracy. Shrublands
were classified with the least Jidelity, at 7.7 percent. Ponderosa pine forests and mixed
conifer forests were significar t sources of error.

Ground conditions at 155 locations were used to assess the accuracy of the
preliminary map developed w th the GENIE computer software system (Brumby et al.
2002). The overall accuracy of this map was 54.2 percent (Table F-5). Shrublands and
grasslands were the most accurately mapped cover type, but had the lowest fidelity of
plots that were identified as giasslands or shrublands on the ground. Of the remaining
classes, aspen was the most ac curately mapped, at 80.0 percent. Pifion-juniper woodlands
were the least accurately mapped, at 44.4 percent. Mixed conifer forests had the greatest
fidelity, at 92.2 percent, being confused only with ponderosa pine forest. Grasslands and
shrublands had the least fidelizy, respectively at 7.7 percent and 18.2 percent. The largest
source of error on this map resulted from sites identified on the greund as ponderosa pine
forest to be classified on the map as mixed conifer forest.

Discussion

The Cerro Grande Fire: was one of the largest recorded fires in New Mexico and
the Southwest. The behavior of this fire was highly variable in space and time. Although
the fire was active for more tt an one month, the bulk of the acreage that was burned
occurred in a matter of a few Jays. Moreover, the fire burned large acres at low
severity/intensity, large acres of high severity/intensity, and large acres of a mixture of
interspersed severity/intensity levels. The ecological implications of these fire behaviors
are equally diverse. The impazts of high severity fire were profound in that forest
vegetation was reduced to corditicns that will result in reforested areas only after
protracted recovery that will 1esemble primary succession. Conversely, in many areas
that were lightly burned, the e ffects of the fire are largely unrecognizable afier a matter of
months. Moderately burmed a ‘eas are intermediate in their vegetation responses and in
their recovery processes. Hovever, the Cerro Grande Fire was largely characterized by
polar fire behaviors. The fire ended to burn with either high sever:ty/intensity levels or
low severity/intensity levels. ntermediate or moderate levels, especially with regard to
burn severities, occurred with less frequency.
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Douglas fir trees grow to 18 inches in diameter and 150 feet tall in 100 to 150 years
(Frothingham 1909).

Using this information. one can conclude that ponderosa pine and Douglas fir will
generally achieve optimal seec development and dispersal height, 80 feet, in
approximately 80 years. Pondcrosa pine seed dispersal is within approximately 100 feet
of the parent tree, and Douglas fir seed dispersal may extend to an average of 250 feet.
Using these assumptions and iznoring the dispersal of seed from trees of lower heights,
the calculated time required for reforestation of two miles of severely burned areas with
either ponderosa pine or Douglas fir, is 8448 years and 3379 years, respectively.

Interpretations of the a:reage estimates presented in this report should consider
the potential differences between burn severities and fire intensities. Burn severity is a
measure of the fire effects to sdils and the ground surface. Fire intensity is a measure of
the fire effects to above-grouni vegetation. The result is that low severity burn and
moderate severity burn can so:netimes be accompanied with high fire intensities that
consume the entire forest or woodland overstory. For the Cerro Grande Fire, this
combination of low to moderate bumn severity and high fire intensity frequently occurred
at lower elevations in the pifio 1-juriper woodlands, in Gambel oak shrublands, and on
north-facing slopes with mixed corifer forests.

The accuracy estimate:; presented in this report are developed without the benefit
of an accepted standard for co nparison. This is partially a result of the difficult
challenges that are presented i1 the development of robust accuracy assessment methods
for the validation of land cover maps (Lunetta and Lyon 2004). Typical standards of
accuracy range between 75 pe «cent and 85 percent. However, achieving these accuracy
standards is imcreasingly elusi /e as sensors evolve to supply smaller pixel sizes, which
increases the intra-class variat ility and compromises accurate pattern recognition (Yool
2004).

The accuracy estimate;; for the burn severity map, the fire intensity map, and each
of the land cover maps may be: conservative. One of the potential causes for this may be
due to the manual establishment of the boundaries on the burn severity map and the fire
intensity map during airplane ind helicopter aerial surveys. Moreover, the BAER
mapping of low burn severity areas included unburned areas that were not incorporated
into this analysis. In addition, the methods used to determine severity/intensity levels are
not always consistent betweer the Forest Service survey teams and the LANL field team.
However, the low fire intensity category is a conspicuous example of this inconsistency,
but this fact was not reflected in the accuracy matrix. Given the LANL team classified
low fire intensity as fires that 1id not enter the overstory canopy, and given that the
Forest Service Team classified forests with as much as 10 percent mortality as low fire
intensity, it would be expectec| forests classified on the ground as moderate would be
classified as low by the Forest Service, but the opposite case was true. Finally, for each of
the three land cover maps, reclassification of the cover types was necessary to create a
direct correspondence betwee 1 the map classes and the field sampling classes. To the
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e C-2. Burn severity versus land cover type for the portion of the Cerro Grande Fire that burned on LANL property (A = acres,
= percents of the total). Legend: JUMO = Juniper woodlands and savannas, P-J = Pifion-juniper woodland, PIPO = Ponderos:
pine forest, MC = Mixed conifer forest, POTR = Aspen forests and woodlands, and Nonveg = Unvegetated lands with bare ro
or bare soil.

durn Severity JUMO P-J PIPO MC POTR __ |Grassland [Developed| Nonveg Totals

1 0 0.189 31.570 18.309 0 0 0 0 50.068

larate 0.530 138.500 536.000 15.500 1.600 144.000 2.000 5.000; 844.130

| 43 an7l 4440000 A1E0 oaal 408 o025l A1 Q1 RA4A BRI 73R N74ai AN R11l  A7ARA RAA
Totals 14.157] 1289.672] 4718434] 522.734] 33515 788652 238.079] 45811 7651.054)

3urn Severity JUMO P-J PIPO MC POTR |Grassland [Developed| Nonveg Totals

h 0 0.00 0.41 0.24 0 0 0 0 0.65

lerate 0.01 1.82 7.01 0.20 0.02 1.88 0.03 0.07 11.03

! 0.18 15.03 54.25 6.39 0.42 8.43 3.09 0.53 88.31
Totals 0.19 16.86 61.67 6.83 0.44 10.31 3.1 0.60 100







e C-4. Fire intensity versus land cover type for the entire Cerro Grande Fire (A = acres, B = percents of the total). Legend:
JUMO = Juniper woodlands and savannas, P-J = Pifion-juniper woodland, PIPO = Ponderosa pine forest, MC = Mixed conife

forest, POTR = Aspen forests and woodlands, and Unclass = Unclassified lands.

Fire Intensity JUMO P-J PIPO MC POTR |Grassland [Developed| Unclass | Totals
1, >70% 3.296 514.544] 6105.099] 9845436 317.677 148.179 121.218 5,727 17061.176
| High, 40% to 70% 5489 666.566| 5045.239] 2296.165 107.589 246.317 10.141 15.805| 8393.311
| Low, 10% to 40% 12.856] 1515.435 7121.229 3855.16] 490.278 795.961 266.576 44,329 14101.824
] Asn anos 00l 117040 108 a9l 2138 AARl anR 4] 244 R29 A1 ARl 1 /261  3NK9 891
Totals 21660 2708.339 18467.980| 18133.407| 1323.565] 1431.979] 461.385]  67.687| 42616.002]

Fire Intensity JUMO P-J PIPO MC POTR |Grassland|Developed| Unclass Totals
n, >T70% 0.01 1.21 14.33 23.10 0.75 0.35 0.28 0.01 40.03
| High, 40% to 70% 0.01 1.56] 11.84 5.39 0.25 0.58 0.02 0.04 19.70
| Low, 10% to 40% 0.03 3.56] 16.71 9.05 1.15 1.87] 0.63 0.10 33.09
A 0 to 10% 0.00 0.03 0.46 5.01 0.96 0.57 0.156 0.00 7.18
Totals 0.05 6.36] 43.34 42.55 an 3.36 1.08 0.16 100.00







le C-6. Fire intensity versus land cover type for the portion of the Cerro Grande Fire that burned on lands owned or managed by
agencies other than LANL (A = acres, B = percents of the total). Legend: JUMO = Juniper woodlands and savannas, P-J =
Pifion-juniper woodland, PIPO = Ponderosa pine forest, MC = Mixed conifer forest, POTR = Aspen forests and woodlands, a
Unclass = Unclassified lands.

Fire Intensity JUMO P-J PIPO MC POTR [Grassland |Developed| Unclass | Totals
1, >70% 3.206| 514.534| 6059.109] 9815.210| 317.475 148179 121.123 5.727| 16984.653
| High, 40% to 70% 4770 556.157| 4532231 2279.900 105589 105.435 7.444 9.814| 7601.340
 Luen, 10U A a0 2005, 222728 2040007 2388820 ARA 743 ARR AT7R R R2Q R NRNL 7284 71K
A 0to 10% 0.018 11.794] 196.412| 2136.645| 408.021 241.522 63.450 1.826] 3059.689
Totals 8.480| 1416.251| 13699.759] 17598.377 1285.828 ©51.609] Z247.646 22.447] 345810.387

Fire Intensity JUMOQ P-J PIPO MC POTR |Grasstand |Developed| Unclass Totals
h, >70% 0.01 1.47 17.36 28.12 0.91 0.42 0.35 0.02 48.65
1 High, 40% to 70% 0.01 1.59 12.98 6.53 0.30 0.30 0.02 0.03 21.77
| Low, 10% to 40% 0.00 0.96 8.34 9.64 1.30 0.45 0.10 0.01 20.81
2 0 to 10% 0.00 0.03 0.56 6.12 1.17 0.69 0.18 0.01 8.76
Totals 0.02 4.08 30.24 50.41 3.6 1.87 0.65 0.06 100.00
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Table D-2. Frequency distribution of fire intensity (percent mortality) polygon sizes for

pifion-juniper vegetation.

Acreage class

Total

3-10%

10-40%

40-70%

70-100%

Unclassified

0-25

233

6

g7

50

26

25-50

—
-9

4

50-75

2

75-100

G| = |tn

100-125

P [—= | RO O

125-150

—_—

150-175

(S0 B N N ]

175-200

200-225

225-250

250-275

275-300

300-325

328-350

350-375

375-400

400-425

425-450

450-475

475-500

500-525

525-550

550-675

575-600

500-625

525-650

650-675

675-700

700-725

725-750

750-775

775-800

800-825

825-850

850-800

900-925

925-950

950-975

9575-1000

Total

269

111

66

59

26

64







Table D-4. Frequency distribuion of fire intensity (percent mortality) polygon sizes for
mixed conifer and white fir viegetation.

Acreage class

Total

0-10%

10-40%

40-70%

70-100%

Unclassified

0-25

306

30

63

112

34

25-50

20

12

50-75

=N
-~

7

75-100

= M N

W |On

100-125

MR =

125-150

150-175

—_—

175-200

—_—

= [ [N [On
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275-300

=M = | B O (DD

300-325

325-350

350-375

375-400

400-425

425-450

450-475

475-500

500-525

525-650

550-575

575-600

600-625

625-650

B50-675

675-700

700-725

725-750

750-775

775-800

800-825

825-850

850-900

B00-925

025-850

950-875

975-1000

Total

377

38

78

79

148

34

66
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Figure E-3. Frequency histogram of fire intensity polygons for all areas classified by the BAER Team as ponderosa pine vegetation.
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