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INTRODUCTION

Mountain pine beetle (Dendroctonus 
ponderosae) is the most notable forest 
insect in western North America, where it 

colonizes at least 15 pine species but primarily 
lodgepole pine (Pinus contorta). Since 2000, >10 
million ha have been affected by mountain pine 
beetle, which represents almost half of the total 
area impacted by all bark beetles combined in 
the Western United States during this period 
(Fettig and others 2021). In addition to mountain 
pine beetle playing an important role in the 
ecology of western forests, extensive levels of tree 
mortality resulting from outbreaks may have many 
other impacts affecting, for example, aesthetics, 
recreation, fire risk and severity, human safety, 
and timber production. As such, the extent and 
severity of 21st century outbreaks have triggered 
concerns about short- and long-term impacts 
to forests and the many ecosystem goods and 
services they provide. The primary objective of 
our study (INT-EM-17-01) was to determine 
the causes and rates of tree mortality during and 
after mountain pine beetle outbreaks based on a 
network of plots in five States (Colorado, Idaho, 
Montana, Utah, and Wyoming) and to describe 
changes in forest conditions from 2004–2019.

METHODS
A network of 125 circular plots (0.081 ha each) 
was established across Colorado, Idaho, Montana, 
Utah, and Wyoming (n = 25 per State) in 2010 
(see fig. 1 in Audley and others 2020). For 
inclusion in the network, plots were required to 
be >50-percent lodgepole pine by basal area, and 

to contain a minimum of 10 lodgepole pines 
>13.9 cm diameter at breast height (d.b.h.) 
with evidence of at least 2 of these trees being 
colonized and/or killed by mountain pine beetle 
within the last 3 years. Plots meeting these criteria 
were randomly selected in groups of five, with 
plots within groups separated by ≥100 m. Within 
States, groups were separated by >1.6 km (mean 
distance ± standard error of the mean [SEM] = 
23.4 ± 3.0 km). Fifteen plots were lost to high-
severity wildfires in Idaho, and three plots were 
lost to tree cutting in Wyoming. These plots were 
excluded from our analyses.

After plot establishment, all trees ≥7.62 cm 
d.b.h. were tagged and the species, d.b.h., total 
height, height to the base of the live crown, status 
(live or dead), causal agent of mortality (when 
applicable), and year of death (when applicable) 
were recorded. For trees that died prior to 
plot establishment in 2010, year of death was 
estimated based on the color of faded needles in 
the crown and degree of needle and twig retention 
based on Klutsch and others (2009) (i.e., 1 year 
prior, >90-percent retention of yellow and/or red 
needles; 2 years prior, ≥50–90-percent retention of 
red needles; 3 years prior, <50-percent retention 
of red needles; 4 years prior, no needle retention 
but small and large [5–7.62 cm diameter] twigs 
remain; 5 years prior, only large twigs remain; 6 
years prior, both small and large twigs no longer 
remain). For trees that died prior to 2004, year of 
death could not be estimated by twig retention. 
As such, these trees were ignored and excluded 
from our analyses. A section of bark ~625 cm2 was 
removed from dead trees with a hatchet at ~1.7 m 
in height to determine if bark beetle galleries were 
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present. The shape, distribution, and orientation of 
galleries are commonly used to distinguish among 
bark beetle species. In some cases, the presence 
of entrance holes, boring dust, pitch tubes, and 
deceased bark beetles was used to supplement 
identifications based on galleries. We attributed 
tree mortality to colonization by bark beetles 
only when these diagnostic characteristics were 
observed. Trees were partitioned into 5-cm d.b.h. 
classes with midpoints of 10, 15, 20, 25, 30, and 
>32.5 cm in order to analyze tree density and tree 
mortality by causal agent within d.b.h. class.  

Three 16.1-m Brown’s transects (Brown 
1974) were established on each plot at 0°, 120°, 
and 240° from plot center to measure fuels (data 
not shown). At the end of each transect, a 1-m2 
subplot was established to estimate forest floor 
composition, and, beginning in 2012, a complete 
census of each plot was conducted for nonnative 
invasive plants (hereafter invasive weeds). A 
3.6-m radius (0.004-ha) subplot was established 
at each plot center to estimate tree regeneration. 
All seedlings and saplings within the 0.004-ha 
subplot were identified to species and designated 
as seedlings (≤0.3 m tall) or saplings (>0.3 m tall 
and <7.6 cm d.b.h.). Tree mortality and snag fall 
occurrences were recorded each year (2010–2019) 
while all other metrics were remeasured every 
fourth year (2010, 2014, 2018). In 2014 and 
2018, we also surveyed all plots by walking 
linear transects (about 5 m apart) spanning each 
plot and recorded the presence, identity, and 
abundance (number of aboveground stems) of 
invasive weeds. 

More detailed information concerning methods 
can be found in Audley and others (2020) for 
study of seedlings, saplings, and trees; in Runyon 
and others (2020) for study of understory 
vegetation, including invasive weeds; and in 
Audley and others (2021) for study of lodgepole 
pine snags, including snag longevity, factors 
influencing snag longevity, and modeling of 
survival and hazard functions.

RESULTS AND DISCUSSION
Across our network of plots, tree mortality 
attributed to mountain pine beetle peaked in 2007 
in all States except Colorado (fig. 11.1). A total 
of 5,107 trees died; 98.6 percent were lodgepole 
pine. We identified 15 mortality agents, including 
mountain pine beetle (3,512 trees); unknown 
causes (941 trees); pine engraver (Ips pini) (265 
trees); wind breakage and/or adjacent tree fall (258 
trees); Pityogenes knechteli/Pityophthorus confertus 
bark beetles (242 trees); suppression (53 trees); 
spruce beetle (D. rufipennis) (32 trees); root disease 
(22 trees); western balsam bark beetle (Dryocoetes 
confusus) (10 trees); lodgepole pine dwarf mistletoe 
(Arceuthobium americanum) (9 trees); stem diseases 
(6 trees); woodborers (5 trees); North American 
porcupine (Erethizon dorsatum) (4 trees); mule 
deer (Odocoileus hemionus) (2 trees); and lodgepole 
pine beetle (D. murrayanae) (1 tree). On occasion, 
more than one agent was identified for the same 
tree, and therefore the total above (among agents) 
exceeds the total number of trees killed. While 
we were unable to confidently identify a mortality 
agent (unknown causes) for 18.4 percent of trees, 
mountain pine beetle was likely a contributing 
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factor in many of these deaths as sampling for 
bark beetle galleries was limited to a small portion 
of the lower bole. No patterns were observed 
among trees with the mortality agent classified as 
unknown causes. 

Data describing forest conditions in 2004, 
2010, 2014, and 2018, and comparisons among 
States are provided in table 11.1. Overall, 
significant reductions in mean d.b.h. (by 5.3 
percent), mean quadratic mean diameter (q.m.d.) 
(by 8.6 percent), mean tree height (by 15.9 
percent), mean number of trees (by 40.8 percent), 
mean basal area (by 52.9 percent), and mean 
stand density index (SDI) (by 51.8 percent) were 

observed (Audley and others 2020). Despite 
the high levels of mortality in lodgepole pine, 
lodgepole pine remained the dominant tree 
species, and no difference was observed in the 
overall prevalence (percentage) of lodgepole 
pine between 2004 and 2018. Notably, subalpine 
fir (Abies lasiocarpa) significantly increased in 
prevalence on plots where it occurred prior to the 
outbreak (Audley and others 2020).  

Significant reductions in tree abundance 
were observed for all d.b.h. classes except the 
smallest (10 cm d.b.h). Compared to all other 
causes of tree mortality combined, mountain pine 
beetle killed a significantly greater percentage 

Figure 11.1—Mean percentage of pines killed during and after mountain pine beetle outbreaks in Colorado, 
Idaho, Montana, Utah, and Wyoming, 2005–2019. (Adapted from Audley and others 2020)
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Table 11.1—Changes in forest structure and composition (mean ± standard error of the mean [SEM]) during and after mountain pine 
beetle outbreaks in lodgepole pine forests in the Intermountain West

 Colorado Idaho Montana Utah Wyoming All

2004
d.b.h. (cm) 18.2 ± 0.2 a 17.8 ± 0.2 a 16.4 ± 0.1 b 16.6 ± 0.1 b 17.1 ± 0.3 b 17.1 ± 0.1
q.m.d. (cm) 21.1 ± 0.5 a 19.9 ± 0.8 a 19.4 ± 1.0 a 21.7 ± 1.9 a 21.9 ± 0.9 a 20.9 ± 0.5
Tree height (m) 13.5 ± 0.1 d 17.2 ± 0.2 b 18.0 ± 0.1 a 15.0 ± 0.1 c 15.1 ± 0.2 c 15.7 ± 0.1 
Trees/ha 1,169.8 ± 87.4 ab 1,364.0 ± 96.1 a 1,390.2 ± 112.1 a 1,493.0 ± 181.1 a 772.2 ± 68.6 b 1,233.2 ± 63.3
Snags/ha 11.4 ± 1.7 b 71.7 ± 21.9 a 32.1 ± 7.9 ab 44.5 ± 9.9 a 16.8 ± 3.5 ab 30.7 ± 4.2
Basal area (m2/ha) 38.4 ± 1.8 a 41.1 ± 2.3 a 36.1 ± 1.8 a 40.1 ± 2.5 a 26.8 ± 1.2 b 36.1 ± 1.0
Stand density index 822.9 ± 41.7 a 895.7 ± 46.2 a 802.7 ± 39.4 a 854.3 ± 41.5 a 561.9 ± 21.5 b 778.7 ± 20.4
Pinus contorta (percent) 84.7 ± 3.0 bc 81.6 ± 3.5 c 98.2 ± 0.5 a 89.8 ± 2.9 abc 94.5 ± 1.6 ab 90.8 ± 1.2

Pinus ponderosa (percent) 0.7 ± 0.5 a 0.0 ± 0.0 a 0.0 ± 0.0 a 0.0 ± 0.0 a 0.0 ± 0.0 a 0.2 ± 0.1
Pinus flexilis (percent) 5.1 ± 2.2 a 0.0 ± 0.0 b 0.0 ± 0.0 b 0.0 ± 0.0 b 0.3 ± 0.3 b 1.3 ± 0.5
Abies lasiocarpa (percent) 3.4 ± 1.0 b 16.7 ± 3.2 a 0.3 ± 0.9 c 4.9 ± 1.7 b 3.7 ± 1.3 bc 4.3 ± 0.7
Populus tremuloides (percent) 1.4 ± 0.8 a 0.0 ± 0.0 ab 0.0 ± 0.0 b 3.4 ± 2.4 ab 0.5 ± 0.5 ab 1.2 ± 0.6
Pseudotsuga menziesii (percent) 0.3 ± 0.2 a 0.1 ± 0.1 a 0.7 ± 0.3 a 0.0 ± 0.0 a 0.5 ± 0.3 a 0.4 ± 0.1
Picea engelmannii (percent) 4.5 ± 1.5 a 1.6 ± 0.6 a 0.8 ± 0.3 a 1.8 ± 1.0 a 0.4 ± 0.2 a 1.9 ± 0.4
2010
d.b.h. (cm) 15.3 ± 0.2 b 16.8 ± 0.3 a 13.4 ± 0.2 c 14.4 ± 0.1 d 14.3 ± 0.2 d 14.7 ± 0.1
q.m.d. (cm) 16.9 ± 0.4 a 18.7 ± 0.8 a 17.5 ± 1.7 a 20.3 ± 2.7 a 19.0 ± 1.3 a 18.4 ± 0.8
Tree height (m) 11.2 ± 0.1 d 14.6 ± 0.2 a 14.3 ± 0.1 a 12.5 ± 0.1 b 12.1 ± 0.2 c 12.8 ± 0.1
Trees/ha 813.0 ± 71.3 a 952.5 ± 60.8 a 717.1 ± 88.7 a 988.4 ± 144.7 a 586.3 ± 72.7 a 798.0 ± 48.0
Snags/ha 363.2 ± 30.8 b 464.5 ± 53.3 ab 680.5 ± 50.3 a 563.9 ± 54.8 ab 199.9 ± 18.6 c 460.1 ± 25.9
Basal area (m2/ha) 18.1 ± 1.6 ab 25.7 ± 1.4 a 13.5 ± 1.7 b 18.4 ± 2.2 ab 14.1 ± 1.3 b 17.0 ± 0.9
Stand density index 419.7 ± 37.0 ab 570.9 ± 28.2 a 309.1 ± 35.0 b 396.3 ± 40.6 b 312.6 ± 25.0 b 380.5 ± 17.6
Pinus contorta (percent) 81.8 ± 3.9 b 78.7 ± 4.4 ab 95.9 ± 1.2 a 84.1 ± 3.9 ab 91.6 ± 2.2 ab 86.8 ± 1.6
Pinus ponderosa (percent) 0.6 ± 0.6 a 0.0 ± 0.0 a 0.0 ± 0.0 a 0.0 ± 0.0 a 0.0 ± 0.0 a 0.1 ± 0.1
Pinus flexilis (percent) 4.9 ± 2.3 a 0.0. ± 0.0 ab 0.0 ± 0.0 b 0.0 ± 0.0 b 1.1 ± 1.1 b 1.7 ± 0.7
Abies lasiocarpa (percent) 4.9 ± 1.6 b 18.9 ± 4.0 a 0.6 ± 0.5 c 8.3 ± 2.6 b 5.1 ± 1.7 bc 6.1 ± 1.0
Populus tremuloides (percent) 0.9 ± 0.5 a 0.0 ± 0.0 a 0.0 ± 0.1 a 4.1 ± 2.8 a 0.8 ± 0.8 a 1.5 ± 0.7
Pseudotsuga menziesii (percent) 0.5 ± 0.3 a 0.0 ± 0.0 a 2.2 ± 1.1 a 0.0 ± 0.0 a 0.8 ± 0.4 a 0.8 ± 0.3
Picea engelmannii (percent) 6.4 ± 2.4 a 2.3 ± 0.8 a 1.4 ± 0.6 a 3.6 ± 1.8 a 0.6 ± 0.3 a 3.1 ± 0.7

d.b.h. = diameter at breast height; q.m.d. = quadratic mean diameter.
Means ± SEMs followed by the same letter within rows are not significantly different (p >0.05).                                                                                                                                      (Continued)
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Table 11.1 (Continued)—Changes in forest structure and composition (mean ± standard error of the mean [SEM]) during and after 
mountain pine beetle outbreaks in lodgepole pine forests in the Intermountain West

 Colorado Idaho Montana Utah Wyoming All

2014
d.b.h. (cm) 15.5 ± 0.2 b 17.3 ± 0.3 a 14.4 ± 0.2 d 14.9 ± 0.1 cd 15.3 ± 0.2 bc 15.3 ± 0.1
q.m.d. (cm) 17.6 ± 0.4 a 19.0 ± 0.8 a 18.4 ± 2.0 a 20.8 ± 2.8 a 19.3 ± 1.4 a 19.0 ± 0.8
Tree height (m) 11.4 ± 0.1 d 14.9 ± 0.2 a 14.5 ± 0.1 a 12.8 ± 0.1 b 12.2 ± 0.2 c 13.0 ± 0.1
Trees/ha 696.3 ± 77.8 a 879.7 ± 59.6 a 718.6 ± 88.6 a 934.0 ± 135.6 a 567.2 ± 71.0 a 747.7 ± 46.6
Snags/ha 435.9 ± 29.1 b 481.8 ± 49.0 ab 695.3 ± 50.4 a 620.7 ± 61.4 ab 211.2 ± 16.6 c 497.8 ± 26.6
Basal area (m2/ha) 16.3 ± 1.7 ab 24.3 ± 1.4 a 14.3 ± 1.7 b 18.2 ± 2.1 ab 14.1 ± 1.3 b 16.6 ± 0.8
Stand density index 373.4 ± 39.2 b 537.8 ± 27.7 a 323.2 ± 35.2 b 390.0 ± 37.3 ab 309.9 ± 27.1 b 367.8 ± 17.1
Pinus contorta (percent) 79.6 ± 4.2 b 75.5 ± 4.2 b 94.9 ± 1.4 a 84.8 ± 3.9 ab 88.3 ± 3.1 ab 85.8 ± 1.7
Pinus ponderosa (percent) 0.3 ± 0.3 a 0.0 ± 0.0 a 0.0 ± 0.0 a 0.0 ± 0.0 a 0.0 ± 0.0 a 0.1 ± 0.1
Pinus flexilis (percent) 6.7 ± 2.9 a 0.0 ± 0.0 b 0.0 ± 0.0 b 0.0 ± 0.0 b 1.3 ± 1.3 b 1.8 ± 0.8
Abies lasiocarpa (percent) 5.4 ± 1.8 bc 21.8 ± 3.8 a 0.7 ± 0.4 c 7.5 ± 2.5 b 7.1 ± 2.2 bc 6.7 ± 1.1
Populus tremuloides (percent) 1.2 ± 0.8 a 0.0 ± 0.0 a 0.0 ± 0.1 a 4.0 ± 2.7 a 1.2 ± 1.2 a 1.5 ± 0.7
Pseudotsuga menziesii (percent) 0.5 ± 0.3 a 0.1 ± 0.1 a 2.7 ± 1.4 a 0.0 ± 0.0 a 0.9 ± 0.4 a 0.9 ± 0.3
Picea engelmannii (percent) 6.2 ± 2.2 a 2.6 ± 0.9 a 1.7 ± 0.7 a 3.7 ± 1.8 a 1.3 ± 0.7 a 3.2 ± 0.7
2018
d.b.h. (cm) 16.5 ± 0.2 b 17.8 ± 0.3 a 15.6 ± 0.1 c 15.5 ± 0.1 c 16.8 ± 0.2 b 16.2 ± 0.1
q.m.d. (cm) 17.9 ± 0.4 a 19.1 ± 0.7 a 18.7 ± 1.7 a 20.7 ± 2.6 a 19.4 ± 1.3 a 19.1 ± 0.8
Tree height (m) 11.4 ± 0.1 d 15.0 ± 0.2 a 14.5 ± 0.1 a 13.2 ± 0.1 b 12.4 ± 0.2 c 13.2 ± 0.1
Trees/ha 699.3 ± 81.2 a 842.6 ± 51.1 a 716.6 ± 85.7 a 861.9 ± 121.3 a 577.9 ± 67.4 a 729.8 ± 43.3
Snags/ha 389.9 ± 29.1 a 453.4 ± 35.5 a 547.6 ± 50.3 a 606.9 ± 66.7 a 166.2 ± 15.7 b 437.4 ± 26.2
Basal area (m2/ha) 16.6 ± 1.8 ab 23.8 ± 1.5 a 15.4 ± 1.7 ab 17.9 ± 2.0 ab 15.0 ± 1.4 b 17.0 ± 0.8
Stand density index 379.4 ± 41.7 ab 524.6 ± 29.4 a 344.7 ± 35.7 b 383.7 ± 36.0 ab 326.7 ± 27.5 b 375.0 ± 17.0
Pinus contorta (percent) 78.2 ± 4.3 b 73.4 ± 4.5 b 93.1 ± 2.0 a 85.2 ± 3.7 ab 85.7 ± 3.6 ab 84.4 ± 1.7
Pinus ponderosa (percent) 1.0 ± 0.7 a 0.0 ± 0.0 a 0.0 ± 0.0 a 0.0 ± 0.0 a 0.0 ± 0.0 a 0.2 ± 0.2
Pinus flexilis (percent) 6.5 ± 2.8 a 0.0 ± 0.0 b 0.0 ± 0.0 b 0.0 ± 0.0 b 2.3 ± 2.3 b 2.0 ± 0.8
Abies lasiocarpa (percent) 5.9 ± 1.9 b 23.4 ± 3.7 a 0.9 ± 0.6 c 7.9 ± 2.6 b 8.5 ± 2.6 b 7.4 ± 1.1
Populus tremuloides (percent) 1.6 ± 1.2 a 0.0 ± 0.0 a 0.0 ± 0.0 a 4.0 ± 2.8 a 1.6 ± 1.4 a 1.6 ± 0.8
Pseudotsuga menziesii (percent) 0.5 ± 0.3 a 0.5 ± 0.4 a 2.9 ± 1.5 a 0.0 ± 0.0 a 0.8 ± 0.4 a 1.0 ± 0.4
Picea engelmannii (percent) 6.2 ± 2.2 a 2.7 ± 0.9 a 3.1 ± 1.1 a 2.9 ± 1.3 a 1.1 ± 0.5 a 3.3 ± 0.7

d.b.h. = diameter at breast height; q.m.d. = quadratic mean diameter.
Means ± SEMs followed by the same letter within rows are not significantly different (p >0.05).
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of all trees (all d.b.h. classes) and trees in each 
individual d.b.h. class except for the smallest (10 
cm d.b.h.). These results are consistent with the 
beetle’s propensity to colonize larger diameter 
trees (Shepherd 1966) and that of other mortality 
agents observed (above, e.g., pine engraver) that 
disproportionally affect smaller diameter trees. 
Tree mortality was positively correlated with 
number of live trees, basal area of live trees, and 
SDI of live trees (Audley and others 2020), which 
is not surprising as density management has long 
been advocated as a measure to reduce stand 
susceptibility to mountain pine beetle (Fettig and 
others 2014). Significant increases in the number 
of subalpine fir seedlings and subalpine fir saplings 
were observed, but a long-term shift in tree 
composition is unlikely (Audley and others 2020). 

Among lodgepole pine snag age classes 
(number of years since tree death), the highest 
number of snags (1,046) were 12 years since death 
(YSD), and those 13 and 14 YSD exhibited the 
lowest fall rates (<10 percent) despite being the 
oldest in our study (Audley and others 2021). 
Snag fall occurred in every snag age class from 
1–14 YSD, with the greatest proportion of 
snag fall events occurring 4–8 YSD (fig. 11.2). 
In our modeling of snag longevity, covariates 
of interest were informed from prior modeling 
efforts and included: elevation (m), latitude (°), 
slope aspect (categorical, N, S, E, W), slope 
(percent), tree density (number of live trees/ha), 
canopy cover (percent), snag d.b.h. (cm), snag 
height (m), and snag height (m):d.b.h. (m) ratio. 
Slope aspect had the strongest influence on fall 
rates. Northern aspects, greater canopy cover, 
and taller snag heights decreased the probability 

of snag fall. Conversely, southern aspects and 
greater height:d.b.h. ratios (taller, skinnier 
snags) increased the probability of snag fall. The 
predicted half-life (the amount of time since death 
required for 50 percent of the snag population to 
fall to the forest floor) was ~16 YSD, after which a 
linear, ~0.04-per-year decline in snag survival (i.e., 
snag remains standing) probability was observed 
for 15–30 YSD (Audley and others 2021). The 
observed longevity of snags in our study confers 
important ecological benefits for some wildlife 
and may offer opportunities for extended periods 
of salvage but lengthens concerns regarding 
hazard trees, human safety, and protection of 
critical infrastructure.
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Figure 11.2—Proportion of lodgepole pine snags within each year since death 
class (number of years since tree death occurred) that fell to the forest floor. 
Means followed by the same letter are not significantly different (p >0.05). 
(Adapted from Audley and others 2021)
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Figure 11.4—The disturbance created when mountain pine beetle-killed trees 
tip up and fall appears prone to establishment and spread of invasive weeds, 
including Canada thistle ( Cirsium arvense). (USDA Forest Service photo by  
J. Runyon, Rocky Mountain Research Station)
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Total understory cover and cover of shrubs 
and graminoids remained unchanged while cover 
of forbs increased (fig. 11.3). Forb cover was 
negatively correlated with shrub and canopy cover 
(fig. 11.3). Approximately 20 percent of plots 
contained weeds, and weed abundance increased 
over time. Canada thistle (Cirsium arvense) 
represented 95 percent of total weed abundance. 
Presence of weeds was negatively correlated with 
graminoid cover and positively correlated with 
tree mortality and snag fall. However, by 2018, 
weed abundance was positively correlated only 
with snag fall. The localized soil disturbance 
created when snags uproot and fall appears to 
facilitate invasion by Canada thistle (fig. 11.4), 
which is of concern as the majority of snags (75 
percent) have yet to fall in our study.

Given the substantial reductions in stand 
density, we conclude that the mountain pine 
beetle outbreak has effectively thinned these 
forests and shifted the age-class distributions of 
lodgepole pine in a manner sufficient to reduce 
susceptibility to future generations of mountain 
pine beetle for several decades. This is not to 
suggest that the trees killed by mountain pine 
beetle were the same trees that would have been 
selected for removal during thinning operations 
to reduce stand susceptibility to mountain pine 

beetle (Fettig and others 2014), or to diminish 
the many ecosystem goods and services that 
have been negatively impacted by the outbreak. 
Additional results and the implications of these 
results to recovery and management of lodgepole 
pine forests are available in Audley and others 
(2020, 2021) and Runyon and others (2020). All 
variables are scheduled to be remeasured in 2022, 
immediately after which we will report on changes 
in fuel profiles over time.

For more information, contact: 
Christopher J. Fettig, 
christopher.fettig@usda.gov 
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