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Abstract
Palmer, Marin; Kuegler, Olaf; Christensen, Glenn, tech. eds. 2018. Oregon’s forest 

resources, 2006–2015: Ten-year Forest Inventory and Analysis report. Gen. Tech. Rep. 
PNW-GTR-971. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific 
Northwest Research Station. 54 p.

Oregon has 30 million forested acres that cover roughly half the state’s land area. The 
Forest Inventory and Analysis (FIA) program reports on the status and trends of Oregon’s 
forest resources, producing comprehensive updates every 5 years. This report provides 
detailed estimates of forest area, tree species composition and distribution, volume, 
biomass, carbon, standing dead trees and down wood, and understory vegetation on forest 
land for the state of Oregon based on the annual FIA forest land inventory through 2015. 
It also includes the first estimates of annual growth, mortality, and removals on forest 
land available from remeasured annual inventory plots, representing 50 percent of the full 
10-year cycle. The FIA program collected inventory data on 9,439 forested plots during the 
2006–2015 measurement cycle. Oregon has more than 10 billion live trees on forest land 
that collectively represent nearly 107 billion ft3 of net volume or nearly 1 billion Mg of car-
bon. Three-fourths of this forest volume occurs on the moist west side of the state. Doug-
las-fir, Oregon’s state tree, represents the majority of Oregon’s softwood lumber production. 
More than one-third of the forested area and more than one-half of forest volume occurs in 
stands dominated by Douglas-fir trees. 

Keywords: Biomass, carbon, dead wood, FIA, forest change, Forest Inventory and 
Analysis, forest land, inventory, timber volume, timberland, Oregon.  

Summary
Key Forest Inventory and Analysis (FIA) Statistics, Oregon, 2006–2015
•	 Number of forested plots measured by the FIA program (2006–2015): 9,439

•	 Estimated total forest area: 29.7 million ac 

•	 Estimated number of live trees: 10.3 billion 

•	 Estimated net live tree volume: 106.9 billion ft3

•	 Estimated aboveground net live biomass: 2.2 billion tons

•	 Estimated aboveground net live carbon: 975.6 million Mg
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Background 
What Is Forest Inventory and Analysis?
The Forest Inventory and Analysis (FIA) program of the 
U.S. Forest Service was created in 1928 to provide com-
prehensive information on the nation’s forest resources 
necessary for economic and forest management planning. 
Forest inventories were conducted periodically in each state 
until the Agricultural Research, Extension, and Education 
Reform Act of 1998 (the Farm Bill) mandated a nationally 
consistent methodology in which a portion of all plots in 
each state were measured each year. States in the Pacific 
Northwest Forest Inventory and Analysis (PNW-FIA) unit 
are on a 10-year measurement cycle. 

How Does FIA Define a Forest?
The FIA collects data only in forested areas; therefore, 
the definition used for forest land affects the estimates 
produced in each inventory year. The FIA program 
defines a forest as currently or formerly (within 30 years) 
at least 10 percent canopy cover of trees of any size and 
not currently developed for nonforest use. Forests must be 
at least 1 ac in size where a minimum width of 120 ft is 
maintained. Prior to 2013, the FIA program used stocking 
tables to define forest based on a minimum of 10-percent 
stocking rather than canopy cover. This procedural 
change affects a small percentage of sampled plots, and 
estimates of forest land area-change between 2001–2005 
and 2011–2015 have been adjusted to consistently use the 
current definition. The PNW-FIA collected information 
on forested lands using both definitions to allow calibra-
tion between estimates.

What are the differences between timberland, other 
forest land, and reserved forest land? —
•	 Timberland: Forest land that is producing or is 

capable of producing crops of industrial wood and 
not withdrawn from timber utilization by statute or 
administrative regulation. (Note: Areas qualifying 
as timberland are capable of producing in excess of 
20 cubic feet per acre per year of industrial wood in 
natural stands. Currently inaccessible and inoperable 
areas are included.) 

•	 Reserved forest land:  Land permanently reserved from 
wood products utilization through statute or adminis-
trative designation. Examples include national forest 
wilderness areas and national parks and monuments.

•	 Other forest land not capable of producing 20 ft3 of 
wood per acre per year, often occurring on sites with 
poor soils.

What Is in This Report?
This report presents a summary of Oregon’s forest resources, 
highlighting key forest characteristics estimated from inven-
tory field plots sampled across the state over the 10-year 
period from 2006 through 2015. It also includes the first set 
of remeasurement data from the FIA annual inventory of 
Oregon (plots measured for the second time between 2011 
and 2015). Estimates presented here are an update to prior 
estimates reported in Donnegan et al. 2008 and Bansal et al. 
2017 and are based on field measurements of 9,439 forested 
plots, of which 4,594 have now been remeasured and can be 
used to assess change in forest conditions (fig. 1). We present 
estimates of current forest area, ownership, composition, 
volume, and distribution, as well as information on growth, 
mortality, and removals. We also provide information on 
forest health via occurrence of forest pathogens and stands 
affected by fires, and we include information on understory 
vegetation and down woody debris in Oregon’s forests.

Figure 1—Field crews measured 9,439 forested plots in Oregon 
from 2006 to 2015. Working in an area burned by the 2015 Canyon 
Creek Complex Fire, Malheur National Forest.
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An extensive set of 125 summary data tables accom-
panies this report and can be downloaded from the Web at 
https://www.fs.fed.us/pnw/pubs/pnw_gtr971-supplement.
pdf. These tables provide estimates of forest area, number 
of trees, volume, biomass, carbon, forest change, National 
Forest System (NFS) summaries, down wood, understory 
vegetation, tree damages, and timber-products output for the 
state. A complete list of online tables is available at the end 
of this report. 

Where Can I Find Additional Information?
Donnegan et al. (2008) and Bansal et al. (2017) provided 
detailed information on annual inventory methods and defi-
nitions as well as prior periodic inventories implemented in 
Oregon. The PNW-FIA website (https://www.fs.fed.us/pnw/
rma/) has most of the data used in this report accessible 
through the PNW-FIADB (Forest Inventory and Analysis 
Database) application (requires Microsoft Access1) that 
contains both national core data and regional variables col-
lected only by the PNW-FIA unit. This site has up-to-date 
reports and statistics for each state in the PNW-FIA unit 
and field guides that include PNW-FIA regional variables. 

The main Web page for FIA is at https://www.fia.fs.fed.
us/. Links lead to resources such as publications or data and 
tools. EVALIDator and DATIM are the primary estimation 
tools that allow users to generate custom summaries from 
the most recent data in FIADB. Definitions of tables and 
fields are available in the FIADB user manual (O’Connell et 
al. 2017), and core FIA field guides contain details on how 
each data item was collected. A glossary of FIA terms can 
be found at https://www.nrs.fs.fed.us/fia/data-tools/state-re-
ports/glossary/default.asp. 

Forest Resources
Importance of Oregon’s Forests
Forests provide many ecosystem services and benefits to 
society, including timber production, carbon storage, water 
regulation, aesthetic amenities, recreation, and wildlife 
(Binder et al. 2017, Boyd and Banzhaf 2007). Oregon forests 
provide each of these benefits, and forest lands across the 

state are managed in different ways to balance these and 
other priorities. The iconic temperate rainforests in the 
Pacific Northwest contain some of the oldest and tallest 
trees in the country and store more aboveground biomass 
than most other forest ecosystems worldwide (Keith et 
al. 2009). Forest products are an important component of 
Oregon’s rural economy. Many Oregonians experience their 
state’s forests through the lens of recreation, whether at sites 
as popular as Crater Lake or in remote wilderness areas. As 
Oregon’s population continues to grow, so will the impor-
tance of the state’s forests in providing ecosystem services. 

Forest Area and Composition
Oregon contains diverse and productive forest lands that 
cover almost half the state (fig. 2). The current forested area 
estimate of 29,656,200 ac (table 1) is remarkably similar 
to the state’s initial forest inventory estimate of 29,661,000 
ac in 1942, although exact forest land definitions differed 
across inventories, and some forested area has been lost in 

Nonforest land
51.6%

Unreserved other forest 5.2%

Reserved productive forest 4.2% 

Timberland
38.6%

Reserved other forest 0.4%

Figure 2—Forest Inventory and Analysis area classification by 
land class category, Oregon, 2006–2015.

1 The use of trade or firm names in this publication is for reader 
information and does not imply endorsement by the U.S. Depart-
ment of Agriculture of any product or service.
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Figure 3—Area of forest land and timberland (thousand acres) by inventory year in Oregon, 1942–2015. Note: estimates from 2000 
to 2015 are based on the annual inventory design and protocols, while prior estimates were based on periodic inventories which used 
different designs and methods (Bassett and Choate 1974, Campbell et al. 2004, Farrenkopf 1982, Gedney 1982, Metcalf 1965, Moravets 
et al. 1942). Differences shown here represent a combination of real change, wilderness designations that placed timberland into reserved 
status, and protocol differences over time such as the use of stockability factors during periodic inventories.

recent decades owing to land use change (Lettman et al. 
2016). Timberland area estimates (the unreserved, produc-
tive component of forest land) have been more dynamic 
over the past eight decades owing to differing timber 
stocking definitions and reserved classifications at each 
inventory date, but productive timberland area in the state 
remains around 24 million ac (fig. 3). 

Conifers (softwoods) dominate the state’s forest cover 
as more than 85 percent of the total forest area, while 
hardwoods comprise 11 percent, and 4 percent is currently 
nonstocked (forested areas that currently lack 10-percent 
tree cover, typically on account of recent fire or harvest). 
Douglas-fir (10,942,600 ac) and ponderosa pine (5,169,300 ac) 
are the two predominant forest types with 37 and 17 percent 
of the state’s forest area, respectively (fig. 4). Forest area is 
evenly distributed on the east and west sides of the state, 
with 49 percent of Oregon’s forested land east of the Cascade 

Crest. Western Oregon’s forests are mainly composed of 
Douglas-fir forest types with some hemlock/Sitka spruce, 
alder/maple, and other hardwoods that thrive in the moist 
maritime climate. Eastern Oregon forests are mainly drier 
climate types; ponderosa pine forest types dominate, with 
elements of western juniper and lodgepole pine. Fir/spruce/
mountain hemlock forests grow at higher elevations along the 
Cascade crest (fig. 5).

Pacific Northwest forests contain a broad range of 
stands that are unique in their age and size, reflecting both 
young, intensively managed productive timber stands and 
intact old-growth forests and stands in large-diameter 
classes. While 54 percent of Oregon’s forests are between 
1 and 80 years old, 8 percent (more than 2 million ac) are 
greater than 200 years old (fig. 6). Douglas-fir stands tend 
to be younger than other common softwood species, and the 
same is true for alder/maple forest types compared to other 
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Figure 4—Area of softwood and hardwood forest type groups in eastern and western Oregon, 2015.

hardwoods (fig. 7). Differences in age and diameter distri-
butions among species reflect a combination of ecology, 
natural disturbances, and forest management (fig. 8). 

Oregon is home to more than 10.2 billion live trees 
on forest land, or an average of 347 trees per forested acre 
Douglas-fir is the most numerous species, with nearly 

one-quarter (24 percent) of all trees in the state. Other 
top species groups include lodgepole pine, true firs, and 
ponderosa and Jeffrey pines. Tree numbers are more evenly 
distributed in the smaller diameter classes, while among 
large-diameter trees (greater than 30 in diameter at breast 
height [d.b.h.]), Douglas-fir dominates (fig. 9).
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Figure 5—Distribution of forest type groups based on field observations at Forest Inventory and Analysis sample sites, Oregon, 
2006–2015 (forest/nonforest geographic information system layer: Blackard et al. 2008; Oregon boundary polygons: Oregon Bureau 
of Land Management, Oregon/Washington State Office).
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elsewhere in this report.
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Figure 7—Stand age distributions of the most common (A) softwood and (B) hardwood species in Oregon, 2006–2015.



8

GENERAL TECHNICAL REPORT PNW-GTR-971

Figure 8—Species stand ages are influenced by life histories, disturbance, and management. (A) Douglas-fir is typically long lived, but 
often harvested on 50-year-or-shorter rotations, while (B) lodgepole pine frequently experiences mortality caused by insects and disease 
in densely stocked stands.
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Forest Ownership
Oregon’s forest lands are owned and managed by a variety 
of public and private entities. Thirty-six percent of forest 
land is under private ownership, of which 88 percent is con-
sidered productive timberland. Sixty-one percent of private 
forest land is owned by corporations, while 39 percent is 
noncorporate, mainly owned by American Indian tribes and 
individuals (4 and 33 percent, respectively). Privately owned 
forest lands tend to be at lower elevation sites and in higher 
productivity classes. Both ownership and site characteristics 
affect management; Oregon’s private forest lands tend to be 
managed more intensively than public lands (fig. 10), so they 
hold just 24 percent of the standing volume despite covering 
36 percent of the forest land base.

Almost 19 million ac of Oregon forest lands are 
under public management; 48 percent are managed by the 
National Forest System (NFS) and an additional 13 percent 

are under other federal management. State and local govern-
ments manage 4 percent of Oregon’s forest lands. Publicly 
owned forests tend to be at higher elevations and on average 
are on less productive sites, but these forests contain a range 
of characteristics and productivity classes. Fifteen percent 
of public forests are reserved (removed by statute from 
management for timber production), while 75 percent are 
classified as productive timberland. 

Ownership trends differ east and west of the Cascade 
crest (fig. 11). Western Oregon has a larger share of private 
corporate and state forest lands, while almost 60 percent of 
eastern Oregon’s forests are NFS managed. Eight percent 
of western Oregon forests are reserved and 88 percent are 
timberland, while eastern Oregon forests are 11 percent 
reserved and 71 percent timberland. Although statewide 
ownership estimates have changed slightly since the 2010 
inventory, Oregon’s forest ownership groups have remained 
mostly stable during this time period (fig. 12). 
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Figure 9—Proportional species composition on forest land by diameter class, Oregon, 2006–2015. Value shown on the horizontal axis 
represents the midpoint of the 2-inch diameter class, i.e., 6 inches refers to trees with diameter of 5 to 6.9 inches. D.b.h. = diameter at 
breast height.
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Figure 10—Private land in Lane County, Oregon, demonstrating active timber management.
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Figure 11—Percentage of forest land by owner group in western and eastern Oregon, 2006–2015. BLM = Bureau of Land Management, 
NPS = National Park Service.
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Forest Volume
Forest volume is a critical variable that facilitates accu-
rate estimates of change in standing timber availability, 
growth and mortality, biomass and carbon mass accumu-
lation, and as input to fuel and habitat models. The FIA 
volume estimates are typically calculated by species, 
using measurements of a tree’s diameter and height 
(Woodall et al. 2011).

Oregon’s forests contain almost 107 billion ft3 of live 
tree volume, slightly more than the 101 billion ft3 estimated 
in 2005 (fig. 13). Fifty-five percent of current volume is 
located on NFS lands. The vast majority (85 percent) of 
volume resides in productive timberlands, while 15 percent 
is in reserved areas (table 2). Douglas-fir dominates with 58 
percent of total live tree volume and more than 5 billion ft3 
resides in Douglas-fir trees greater than 49 inches d.b.h. (fig. 
14). Volume per acre provides an indication of the potential 
productivity of a site, but is highly dependent on relative 

density with young stands typically carrying less volume 
per acre than mature stands. Oregon averages 3,604 ft3 of 
live tree wood volume per forested acre. Hemlock/Sitka 
spruce forest types carry the most standing volume per acre, 
while lodgepole pine and woodland species such as western 
juniper carry far less (fig. 15).  

Forest Biomass and Carbon Storage
Oregon forests contain 2.2 billion tons of aboveground live 
tree biomass. The National Forest System has the largest 
biomass share, with 55 percent of forest biomass, while 25 
percent is held on private ownerships. The moist west side 
of the state contains the majority (75 percent) of forest bio-
mass, mainly in coniferous (softwood) species, which make 
up 91 percent of biomass statewide. More than 57 percent 
of Oregon’s biomass is in stands dominated by Douglas-fir, 
while the fir/spruce/mountain hemlock forest-type group is 
in second place at 14 percent. 

.
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Nonforest
Water
Counties

Miles

250 50

Figure 12—Oregon forest ownership categories (Oregon boundary and ownership polygons: Bureau of Land Management, Oregon/
Washington State Office [BLM]). USFS = U.S. Forest Service.
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Figure 13—Live tree net volume of softwoods and hardwoods in 
Oregon, 2005 and 2015. To ensure that the estimates are compara-
ble, the 2015 estimates include only plots that were remeasured in 

2011–2015. Therefore, they differ from the 2006–2015 estimates 
discussed elsewhere in this report.

Figure 14—Diameter class distribution of live tree net volume on forest land, top five species groups, Oregon, 2006–2015.  
d.b.h. = diameter at breast height.
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Change in carbon mass is proportional to the change in 
biomass, and is a basic measure of productivity that can be 
used to determine forest carbon stocks and the flux of carbon 
into and out of atmospheric carbon pools. In Oregon, 976 
million Mg of aboveground carbon2 is stored in live trees 
(table 3); note: metric units are used for carbon mass to remain 
consistent with accepted accounting practices). The Pacific 
Northwest is known for its old-growth forests; and large-di-
ameter trees, while less numerous than small-diameter trees, 
store a large fraction of the carbon. Trees >25 inches d.b.h. 
stored more than 36 percent of the aboveground carbon (fig. 
16). Forest carbon density is concentrated on the west side of 
the Cascades with Multnomah, Lane, Clackamas, and Benton 

Counties having the highest aboveground live tree carbon per 
hectare (fig. 17). The Douglas-fir species group has the highest 
total carbon storage (501 million Mg), with true firs in a dis-
tant second place (110 million Mg); however, sugar pines and 
Sitka spruce store the most aboveground carbon per live tree 
(on average, 301 and 242 kg of carbon per tree, respectively). 

Two important components of aboveground forest 
biomass and carbon storage are standing dead trees (snags) 
and down wood. These components are key to any compre-
hensive inventory of forest carbon pools. Oregon has 102 
million Mg of carbon in standing dead trees (table 4) and 
156 million Mg of carbon in down wood. The total amount 
of carbon mass and its distribution among the aboveground 
pools varies as stands age (fig. 18). Snag biomass is lowest 
on private ownerships, averaging 4 tons per ac, while there 
are 11 and 9 tons per ac in standing dead trees on NFS and 

0 2,000 4,000 6,000 8,000

Hemlock/Sitka spruce

Douglas-fir

Fir/spruce/mountain hemlock

Western larch

Ponderosa pine

Lodgepole pine

Other western softwoods
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Alder/maple

Tanoak/laurel

Elm/ash/cottonwood

Other hardwoods

Western oak

Aspen/birch
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Figure 15—Average net live tree volume per acre on forest land by forest type group, Oregon, 2006–2015.

2 Metric units are used for carbon mass to remain consistent with 
accepted accounting practices. 
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Figure 16—Large trees with diameters greater than 25 inches such as this Douglas-fir in Linn County store 36 percent of the 
aboveground carbon in Oregon's forests. 
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other federal lands, respectively. Biomass of down wood 
can be highly variable, but on average it is highest on state 
and local government lands (17 tons per acre) and lowest on 
private noncorporate ownerships (6 tons per acre).

The FIA also calculates carbon storage using the com-
ponent ratio method (CRM) (Heath et al. 2009, O’Connell et 
al. 2017), which estimates belowground carbon and divides 
the aboveground tree carbon into distinct components. Live 
trees and saplings make up more than 70 percent of the 
total woody carbon; within this component, 82 percent is in 
boles, 14 percent is in tops and branches, and 4 percent is in 
stumps (fig. 19).

Forest Productivity
Timber Resources and Forest Productivity
Forest products are an important element of Oregon’s 
economy, especially in rural areas. In 2015, 3.8 billion board 
feet (BBF) Scribner were harvested from Oregon forests, 
with the vast majority (76 percent) coming from private 
and American Indian tribal lands (ODF 2016). Harvest 
totals reached a historic low in 2009 during the height of 
the economic recession, but since 2011 have rebounded to 

levels similar to those seen during the 1990s. Total sales of 
primary wood products were $7.1 billion in 2013 (Simmons 
et al. 2016). Oregon has long been the top state for softwood 
lumber, producing 5.2 BBF, 17 percent of the United States 
total, in 2015 (OFRI 2017). Although employment in the 
forestry sector has decreased significantly since 1990, wood 
products manufacturing still employed 22,500 Oregonians 
in 2015 and is expected to continue a slow post-recession 
growth (Rooney 2016). Total forestry sector employment in 
Oregon is around 61,000 (OFRI 2017).

Growing-stock or sawtimber volumes on timberland 
are one measure of the current stock of standing timber for 
a region, and trends over time have been used to ensure 
sustained yield. However, because management objectives 
differ widely among landowners and timber harvests are 
driven by market factors in addition to supply, timberland 
volume alone is not a direct measure of timber availability or 
future harvest levels. Growing-stock volume on timberland is 
currently 90.9 billion ft3. This estimate is difficult to compare 
to early periodic inventories owing to different definitions of 
timberland and commercial timber included at each mea-
surement, but in general, growing-stock volume decreased 

Woody Carbon Components

Live trees 
and saplings

71.5%
Live tree 

coarse roots
16.0%

Down dead wood 
5.8%

Standing dead trees 
6.7%

Boles 57.6%

Tops and branches 
9.8%

Stumps 2.5%

Saplings 1.6%

Figure 19—Distribution of woody tree carbon components on forest land, Oregon, 2006–2015. Live tree carbon is subdivided into 
saplings (at least 1 but less than 5 inches diameter at breast height [d.b.h.]) and trees (at least 5 inches d.b.h.).



20

GENERAL TECHNICAL REPORT PNW-GTR-971

during the era of intensive timber harvesting between the 
first inventory in the 1930s and the 1980s and has since been 
on a steady increase as harvest rates have slowed (fig. 20). 

Oregon’s timberlands currently hold 80.6 billion ft3 
or 394.1 BBF Scribner of live sawtimber trees. Sawtimber 
trees include only the sound portion of commercial species 
meeting minimum sawlog size. The five highest volume 
species groups include Douglas-fir (58 percent of sawtimber 
volume), ponderosa and Jeffery pines (11 percent), true firs 
(10 percent), western hemlock (8 percent), and red alder (2 
percent) (fig. 21). Over three-fourths of Oregon sawtimber 
volume is west of the Cascade Crest. Counties with the high-
est sawtimber volume on a per-acre basis are concentrated 
in northwest Oregon, ranging between 25,000 and 30,000 
board feet Scribner per acre. The average sawtimber tree 
volume per acre of timberland is 16,653 board feet Scribner 
per acre statewide. However, this varies significantly among 
owner groups, with an average of 9,252 board feet Scribner 
per acre on private lands and more than 30,000 board feet 
Scribner per acre on non-NFS federal lands (fig. 22). 

Another indicator of a forest stand’s potential produc-
tivity is mean annual increment at culmination, referred 
to by the FIA as the site productivity class (Hanson et al. 
2003). In Oregon, 41 percent of forest land area is classified 
as low productivity (capable of producing 20 to 84 ft3 ac-1 
yr-1), 35 percent is medium productivity (85 to 1654 ft3 ac-1 
yr-1), 12 percent is high productivity (at least 165 ft3 ac-1 yr-1), 
and the remaining 12 percent is classified as nonproductive 
other forest land incapable of producing at least 20 ft3 ac-1 
yr-1. On average, western Oregon encompasses medium 
productivity sites, whereas eastern Oregon has lower pro-
ductivity sites. Lane and Douglas Counties contain the most 
forested area classified as high productivity, with 675,105 
and 491,843 ac, respectively (fig. 23). The majority of highly 
productive stands falls outside of reserved areas, and most 
of the highly productive sites occur west of the Cascade 
crest (fig. 24). Hemlock/Sitka spruce forest types tend to 
grow on the most productive sites, followed by Douglas-fir, 
while dry-site forest types such as ponderosa and lodgepole 
pines thrive on low-productivity sites (fig. 25).
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Figure 20—Growing-stock (billion cubic feet) and sawtimber (billion board feet, Scribner) volumes on unreserved timberland by 
inventory year in Oregon, 1942–2015. Note: the 2000–2015 estimates from are based on the annual inventory design and protocols, while 
prior estimates were based on periodic inventories, which used different designs and methods (Bassett and Choate 1974, Campbell et al. 
2004, Farrenkopf 1982, Gedney 1982, Metcalf 1965, Moravets et al. 1942). Not all inventory years reported each estimate (growing-stock 
or Scribner sawtimber). Differences shown here represent a combination of real change and protocol differences over time such as use of 
stockability factors during periodic inventories and updated volume equations.
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Figure 21—Scribner board-foot volume found on timberland by species group (five highest-volume species groups), Oregon, 2006–2015.
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Figure 22—Average sawtimber tree volume per acre of timberland by ownership group (net board feet, Scribner), Oregon, 2006–2015.
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Figure 23—Northwest Oregon boasts the highest annual growth rates, such as this Douglas-fir stand in Clatsop County, where average 
annual gross growth is 197 ft3 ac-1 yr-1. 
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Average Annual Growth, Removals, and Mortality
One unique aspect of the FIA sampling design is the broad 
network of field plots across all forest land ownerships. 
Because the same plots and trees are measured each 10-year 
cycle, the FIA is able to provide a detailed accounting 
of forest growth, removals, and mortality (GRM). GRM 
estimates represent average annual rates over the entire 
measurement cycle, and the GRM estimates in this report 
include 4,594 forested plots initially installed in 2001–2005 
and remeasured in 2011–2015, 50 percent of the Oregon FIA 
grid. As the second cycle is completed through 2020, the 
estimates reported here are not expected to change much, 
but their precision will improve.

Annual gross growth in Oregon averaged 95 ft3 ac-1 
yr-1 statewide and was threefold higher in western Oregon 
than eastern Oregon (fig. 26). Net change (defined as gross 
growth minus mortality and harvest removals) was positive 
for each ownership group, meaning that Oregon’s forests 
are adding tree volume each year (table 5). Statewide, net 
change in volume was 35 ft3 ac-1 yr-1 or a total addition 
to net volume of 1.0 billion ft3 yr-1 (fig. 27, table 6). On 

both sides of the state, mortality rates are highest on NFS 
lands (34 ft3 ac-1 yr-1) and harvest removals are highest on 
corporate private land (105 ft3 ac-1 yr-1), which compares to 
statewide mortality and removal averages of 24 and 37 ft3 
ac-1 yr-1, respectively.

Mortality rates (ratios of average annual mortality to 
original standing net volume) give an estimate of the tree 
volume lost each year to a variety of natural agents such as 
fire, insects, disease, weather, or competition. The average 
annual mortality rate in Oregon, in terms of tree volume, is 
0.7 percent. Lodgepole pine and red alder have the highest 
mortality rates at 2.4 and 1.7 percent, respectively (fig. 28). 
Lodgepole pine is frequently attacked by mountain pine bee-
tle (Dendroctonus ponderosae) and other insects; more than 
60 percent of lodgepole pine tree mortality was attributed 
to insects. The most frequent causes of death noted for red 
alder were windthrow and suppression/competition. The 
mortality rate for a given species can be an indicator of for-
est health, but is also highly dependent of each species’ life 
history or average stand age. Net growth is a better indicator 
of whether growth is offsetting mortality losses.
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Figure 25—Timberland site class distribution for major forest type groups, Oregon, 2006–2015. 
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Figure 26—Average annual change in volume (cubic feet per acre per year) of growth, mortality, and removals between 2001–2005 and 
2011–2015 by ownership group in (A) western Oregon and (B) eastern Oregon.
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Net growth, in forestry terms, is defined as the gross 
growth minus mortality losses. All species groups in Ore-
gon exhibit positive net growth. Sugar pine and lodgepole 
pine have negligible annual net growth rates of 0.1 and 0.2 
percent, respectively, while the five highest volume species 
groups in the state are all adding volume at rates between 
1.5 and 2.6 percent annually. Sitka spruce represents less 
than 1 percent of total tree volume yet has the highest 
annual net growth rate, more than 2.8 percent, compared to 
an average net growth rate for all species groups in Oregon 
of 2.2 percent (fig. 29). 

The vast majority (80 percent or 889 million ft3 annu-
ally) of harvest removals in Oregon occur on private forest 
land. National Forest System, state, and local ownerships 
each make up an additional 9 percent of annual harvest 
removals. Sixty-six percent of tree volume removed from 
forest land is Douglas-fir, which is the state’s most valuable 
timber species, while western hemlock comes in second 
place with just 11 percent of the removed volume (fig. 30). 

The net growth-to-removals ratio is an indicator of sus-
tained yield, where >1 ratios indicate that more tree volume 
is growing than is being harvested but <1 ratios show that 
the available resource is being depleted. The desirable net 
growth-to-removals ratio depends on the land management 
objective; in areas being managed for timber production a 
~1 ratio may be a management goal. In Oregon, the average 
net growth-to-removals ratio is 1.93, meaning that each 
year Oregon’s forest lands add almost twice as much tree 
volume as is removed, after accounting for mortality losses. 
Two tree species are declining in terms of volume: sugar 
pine (0.15) and lodgepole pine (0.29). Both of these species 
have very minimal harvest removals but high mortality 
rates. Both state and federal agencies support programs to 
aid in the removal of western juniper, which has expanded 
well beyond its historical range and can degrade rangelands 
normally dominated by big sagebrush. Despite removal 
activities on both public and private lands, western juniper 
has a net growth-to-removals ratio of 1.49. 

Table 5—Average annual volume (cubic feet per acre) growth, removals, and mortality on forest land by 
ownership group, Oregon 2001–2005 and 2011–2015

 Ownership group
  Private  

National 
forest Other federal

State 
and local 

government Corporate Noncorporate
Total 

private All owners
Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE

Cubic feet per acre per year
All Oregon:

Growth 78.3 1.3 106.9 5.2 156.4 10.2 120.5 4.6 82.5 4.9 107.6 3.4 95.4 1.5
Mortality 34.1 1.7 16.9 2.2 28.1 6.4 12.1 1.6 11.0 1.8 11.7 1.2 23.7 1.0
Removals 6.9 0.8 6.3 2.2 87.6 22.1 104.6 10.5 41.4 8.4 83.2 7.4 37.3 2.8

Net change 37.2 2.3 83.7 5.7 40.8 25.7 3.8 12.2 30.1 9.5 12.7 8.7 34.5 3.5

Eastern Oregon:
Growth 48.7 1.0 18.1 3.3 49.8 11.2 40.1 2.6 36.8 3.2 38.5 2.0 42.6 0.9
Mortality 26.1 2.0 7.9 2.7 13.2 7.0 3.6 0.9 11.0 3.1 7.1 1.6 18.8 1.3
Removals 5.3 0.6 4.2 1.6 24.3 14.6 29.1 5.6 16.2 6.3 22.9 4.2 10.3 1.2

Net change 17.3 2.2 6.0 3.7 12.2 14.9 7.4 5.9 9.6 7.5 8.4 4.7 13.6 1.9

Western Oregon:
Growth 124.3 2.8 167.9 7.5 183.4 10.6 153.0 6.0 130.4 8.1 147.1 4.8 144.1 2.7
Mortality 46.6 3.2 23.1 3.2 31.9 7.8 15.6 2.2 11.1 1.8 14.4 1.7 28.2 1.5
Removals 9.5 1.8 7.7 3.5 103.6 27.5 135.1 14.5 67.8 15.6 117.6 11.4 62.1 5.3

Net change 68.2 4.8 137.1 8.5 48.0 31.9 2.3 17.0 51.5 17.6 15.1 13.4 53.8 6.5
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Figure 27—Average annual change in volume (cubic feet per year) of growth, mortality, and removals between 2001–2005 and 2011–2015 
by ownership group in (A) western Oregon and (B) eastern Oregon.
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Figure 28—Average annual mortality rates (percent) for species groups on forest land, Oregon, 2015. Species groups are shown ordered 
by total net standing volume; average annual mortality rate for all species is 0.7 percent.
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Figure 29—Average annual net growth rates (percent) by species group for all live trees on forest land, Oregon, 2015. Species groups are 
shown ordered by total net standing volume.
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Figure 30—Average annual removals (tree harvest and forest to nonforest diversion) for selected species groups on forest land, Oregon, 2015. 

Research Application: Evaluating the 
Feasibility of Accelerating Forest  
Restoration in the Blue Mountains Region3

Accelerating the pace and scale of forest restoration 
has been of keen interest to state and federal agencies 
in the Blue Mountains region of eastern Oregon (FAC 
2012, USDA FS 2013), an area encompassing 3 million 
ac of unreserved forest land (fig. 31). In a partnership 
with the Oregon Department of Forestry, we mod-
elled the effectiveness of restoration treatments over 
a 40-year period, estimating potential net revenues 
(revenue from sales of wood, less operations and 
transportation costs). We applied the BioSum modeling 
framework (Fried et al. 2017), which relies on Forest 
Inventory and Analysis (FIA) plot data as a represen-
tative sample of current forest fire hazard levels, then 
simulated 34 different silvicultural treatments with the 
Forest Vegetation Simulator. Our goal was to under-
stand how the choice of restoration treatment affects 
economic costs across the landscape, and consequently, 
the proportion of the landscape for which forest resto-
ration can be accomplished. 

To evaluate current fire hazard and to assess the 
effectiveness of silvicultural sequences in reducing fire 
hazard over time, we computed a hazard score (0–4) for 
each stand as it currently exists and at 10-year intervals 
over 40-year trajectories associated with each of up to 34 
simulated silvicultural treatments. Methods are defined 
in Loreno et al. (2015) and Jain et al. (2012). Treatments 
that reduce a stand’s mean hazard score compared to no 
treatment are deemed effective, and the treatment that 
reduces hazard score the most is assumed “best” for that 
stand. Treatment and haul costs and revenues from wood 
production determine the economic feasibility of each 
silvicultural sequence.

When best silvicultural sequences are imple-
mented, hazard is initially reduced to a considerable 
extent (Loreno et al. 2015), though hazard score is 
reduced to zero on only about half of the area (fig. 32). 
As ladder fuels and stand density rebound, hazard 
reduction benefits gradually fade, so the immediate 
effect is perhaps not the best policy driver. For that 
reason and because stands are most ready to receive 
treatment at different times, depending on their stage 
of development, we chose to base effectiveness on the 
40-year mean hazard score.

3Authors: Jeremy Fried and Sara Loreno.
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Only 15 percent of the Blue Mountains forest area 
is hazard free, and the percentage of forest at hazard 
scores 1–4 is currently 28, 26, 18, and 13 percent, 
respectively. If cost were not a consideration, at least 
one of the silvicultural sequences we modeled would 
be effective on 54 percent of private and 67 percent of 
NFS area with current hazard scores between 1 and 4. 
If revenues must cover treatment costs, the effective 
areas would decrease to 43 and 55 percent, respectively. 
Although this analysis does not account for planning 
and administrative costs, it is clear that most forests 
in the region can realize at least some improvement 
in fire resistance if a broad spectrum of treatments 

are available from which to choose, without requiring 
significant subsidy. Constraining treatment choices, 
however, reduces the share of the forest that can benefit. 
For example, if a diameter cap of 30 inches is replaced 
with a 21-inch limit on the maximum tree size that can 
be harvested, the effectively treatable area drops to 36 
percent overall (on both private and NFS ownerships), 
and if proportional thinning (across all diameter classes) 
is removed as an option, leaving only thin-from-below 
treatments as alternatives to select from, it drops to 
32 percent. While thin-from-below treatments are, on 
average, slightly more effective than proportional thins 
(average improvement in a 40-year mean hazard score of 
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Figure 32—Distribution of area by hazard score for stands in which a treatment sequence could begin today with immediate 
effect. (A) Before the first treatment in the sequence, (B) 1 year later, (C) 20 years later, and (D) 30 years later. Note that hazard 
distribution reflects the retreatment of some of these stands at year 20 or 30, as specified by the most effective silvicultural 
sequence for those stands.
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0.675 versus 0.579 points), net revenue is much greater 
with a proportional thin owing to the harvest of more 
merchantable wood (fig. 33). Net revenue is also sub-
stantially greater, on average, with larger upper limits 
on the size of trees that may be removed. Either shifting 
from thin-from-below to a proportional thin or relaxing 
the diameter cap from 21 to 30 inches moves the average 
net revenue from a negative to a positive value of more 
than $700 per acre. The pace of restoration could be 
accelerated by moving forward now with the treatment 
of stands where net revenue is positive as little or no 
subsidy would be required. If net revenues from these 
acres can be retained and redirected to subsidize other 
priority acres where treatment costs exceed revenues, 
this could also present an opportunity to increase the 
scale of forest restoration.

A fully implemented fuel treatment program in 
the Blue Mountains region has the potential to produce 
substantial quantities of merchantable and energy wood 
as well as a net revenue (table 7) that could be important 
to the rural communities where this work would be 
conducted (table 5). Area treated annually increases as 
more acres attain treatment readiness and other acres 
treated in the first two decades become eligible for 
retreatment. Yield and net revenue likely decline over 
time owing to the availability of fewer high-value (e.g., 
larger) trees at the retreatment opportunity such that 
the self-pay requirement cannot be met, suggesting that 
subsidies may become more important in the future if 
hazard reduction is to be maintained on acres where this 
is a priority. 
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Figure 33—Mean net revenue for thin-from-below and propor-
tional thin versions of two prescriptions, one with an upper limit 
of 21 inches on the diameter of trees eligible for removal and 
one with a 30-inch limit; both prescriptions thin all trees greater 
than 5 inches diameter at breast height to a residual basal area 
of 75 ft2/ ac using ground-based mechanical whole-tree harvest, 
rely on prescribed fire to reduce surface fuels, and are repeated 
in any decade (after skipping one decade) in which basal area 
exceeds 110 ft2/ac. 

Table 7: Average annual estimates for the four decade planning horizon in the Blue Mountains region.

Time Period Area Treated Energy Wood Yield Merchantable Wood Yield Net Revenue
Acres  - - - - - - - Million cubic feet - - - - - - - Dollars

Years 1-20 39,440 40,855 88,568  $81,965,000 
Years 21-40 50,434 35,460 64,980  $25,099,000 
Note: wood yield is classified as merchantable (delivered to facilities) or non-merchantable (delivered to bioenergy generators) based on species or 
size. Net revenue equals sales of wood minus treatment and transportation costs.
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The BioSum framework used for this analysis is now 
available for anyone to use for analysis in five western 
states: California, Oregon, Washington, Idaho, and 
Montana. It facilitates prospective analysis of all kinds 
of scenarios involving alternative forest futures using 
the FIA plot data as a test bed. Software, documenta-
tion, articles describing its use, and sample data can be 
obtained at http://www.biosum.info.
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Wildlife Habitat 
Standing dead trees (snags) and down dead wood provide 
key habitat components for forest wildlife in addition to 
their roles in carbon storage and nutrient cycling (fig. 34). 
Dead wood forest components are used by a variety of 
bird, mammal, and amphibian species for nesting, roosting, 
foraging, hibernating, and thermal cover (Rose et al. 2001). 
While local patterns and locations of dead wood structures 
are important in identifying species-specific habitat, 
broad-scale estimates of dead wood provided by the FIA 
are useful in comparisons within or across forest types or 
disturbance histories. 

There are 571 million standing dead trees in Oregon, 37 
percent occurring on Douglas-fir forest types. This amounts 
to 19 snags per acre on average, with >25 snags per acre 
in stands older than 100 years. The amount of snags and 

down wood varies considerably by ownership, with the vast 
majority of snag biomass (165 million tons) and highest 
density of total snags (27 per acre) occurring on NFS lands 
and the lowest snag densities (11 per acre) on private lands 
(figs. 35 and 36). 

The amount and distribution of down wood is highly 
variable among sites, often dictated by recent management 
and natural disturbances; however, broad-scale trends are 
evident. Expressed as volume, Oregon forests average 1,580 
ft3 of down wood per acre, 11 percent less than Donnegan 
et al.’s (2008) estimate for 2001–2005 of 1,779 ft3/ac. There 
are on average 11.6 tons of down wood per acre, with almost 
twice as much on the moist west side of the state (fig. 37). 
Down-wood density is highly variable among forest type 
groups, ranging from more than 26 tons per acre on fir/
spruce/mountain hemlock sites to just 1.4 tons per acre on 
western juniper forest types.

Figure 34—Large coarse woody debris pieces serve important roles in wildlife habitat and nutrient cycling on forest lands.
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Figure 35—Total biomass (million tons) in standing dead trees (snags) and down wood by ownership group, Oregon, 2006–2015.

Figure 36—Average number of standing dead trees (snags) per acre and down wood biomass (tons) per acre by ownership group, Oregon, 
2006–2015.
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Figure 37—Plot distribution of total down wood biomass (tons per acre), Oregon, 2006–2015 (forest/nonforest geographic information 
system layer: Blackard et al. 2008; Oregon boundary polygons: Oregon Bureau of Land Management). Map: J. Chase.

Research Application: Unpacking 
Vegetation Mapping Uncertainties4

The Forest Inventory and Analysis (FIA) program 
provides consistent and extensive sampling of forest 
characteristics and conditions across all U.S. forest 
lands, but at finer scales higher plot sampling density is 
desired to improve support for forest planning, monitor-
ing, and decisionmaking. Increased computing power 
and availability of high-quality satellite imagery offers 

several opportunities for creating small-area estimates 
that leverage FIA data for mapping and estimation at 
finer scales than using FIA data alone. In the Pacific 
Northwest, gradient nearest neighbor (GNN) imputation 
has emerged as a powerful tool for informing forest 
monitoring and planning. Imputation involves the 
substitution of observations (FIA plot data) for missing 
data (unmeasured pixels), providing wall-to-wall maps 
of forest attributes. For entire forested landscapes and 
regions, the flexible and multivariate GNN approach 
imputes, or maps, data to a location from the FIA plot 
that best matches a pixel in terms of satellite imagery, 4Author: David M. Bell.
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climate, and topography. However, the utility of the 
resulting maps must be tempered by an understanding 
of the inherent uncertainties, such as the precision, or 
variability, of predictions. 

In a collaboration between Pacific Northwest 
Research Station and Oregon State University scientists, 
we modified existing methods for generating pixel-level 
measures of imputation-map uncertainties for GNN and 
examined the geographic patterns of uncertainties in live 
tree structure, dead tree structure, and species composi-
tion across regional environmental gradients in the west-
ern Cascade Mountains of Oregon (Bell et al. 2015). We 
found that live tree structure, which is directly observed 
by satellite imagery, exhibited the greatest prediction 
precision, while dead tree structure and composition 
exhibited less prediction precision. Spatial variation in 
precision was substantial and regional patterns differed 
by forest attribute under consideration. These patterns 
implied that imputation uncertainty may be tied to 
regional biogeography and disturbance history: mapping 
certain vegetation types and seral stages involved greater 

uncertainty than others. For example, quadratic mean 
diameter, a measure of tree sizes, exhibited substantial 
uncertainty in postfire environments whereas live 
aboveground forest biomass exhibited relatively high 
precision in predictions within the fire, but low precision 
in neighboring undisturbed old-growth forest (fig. 38). 
Additionally, this research has identified methods to 
operationalize pixel-level precision mapping for GNN, 
allowing for future map distributions to include maps 
of variable uncertainties along with traditional accuracy 
assessment reporting.

Literature Cited
Bell, D.M.; Gregory, M.J.; Ohmann, J.L. 2015. 

Imputed forest structure uncertainty varies across 
elevational and longitudinal gradients in the western 
Cascade Mountains, Oregon, USA. Forest Ecology 
and Management. 358: 154–164.

(A) 2011 aerial photograph (B) QMD imputation variability (C) AGB imputation variability

low high

Figure 38—Representation of the impacts of the Scott Mountain Fire west of Sisters, Oregon, on prediction precision. (A) Postfire 
aerial photograph, (B) quadratic mean diameter (QMD) prediction precision, (C) aboveground live biomass (AGB) prediction 
precision. Figure reproduced with permission from Bell et al. (2015).
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Understory Vegetation and Nontimber 
Forest Products
Understory vegetation composition in forest communities 
has long been used as an indicator of forest health, mois-
ture regime, or site productivity, and to classify extant 
vegetation assemblages. Understory vegetation contributes 
to the carbon storage of the site, and the composition of 
understory plants and tree seedlings is important in deter-
mining wildlife habitat as well as future forest succession. 
The Pacific Northwest FIA unit collects information on the 
predominant understory species in each life form (shrubs, 
forbs, and graminoids) and structural classifications for each 
life form on each forested plot. 

Average understory vegetation cover across all forested 
lands in Oregon is about 40 percent but is highly variable 
depending on each stand’s species composition, age, and 
disturbance history. In general, riparian forest types such as 
alder/maple tend to have the densest understory cover, while 
dry site forest types such as lodgepole pine have more sparse 
understories. Young stands with recent disturbance tend to 

have the highest cover of forbs and graminoids, while shrub 
cover tends to be highest in stands 20 to 39 years old (fig. 39). 

Nonnative, invasive plants on forest lands can affect 
forest composition and health, ecosystem processes, and 
wildlife habitat (Rapp 2005). The nonnative species cover-
ing the most forest land area in Oregon include cheatgrass 
and Himalayan blackberry, each estimated to cover more 
than 150,000 ac of forest land (fig. 40). Several other annual 
grasses are common nonnatives on Oregon forest land.

Nontimber forest products (NTFPs) include plants, 
fungi, and animal products that are used for both commer-
cial and individual use. In the Pacific Northwest, evergreen 
boughs, floral greens, and edible mushrooms are frequently 
collected, and these products have tremendous cultural 
significance in addition to economic value (Alexander et 
al. 2011). Several forest understory species in Oregon are 
frequently collected for NTFP uses. The most abundant 
shrubs, in terms of acres of forest land with cover of each 
NTFP species, are vine maple, salal, and Cascade barberry 
(also called dwarf Oregon grape) (fig. 41).
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Figure 39—Cover of understory vegetation life forms by forest age class on forest land, Oregon, 2006–2015.
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Figure 40—Nonnative invasive species with the highest acreage cover on forest land in Oregon, 2006–2015. Nonnative species estimated 
to cover at least 10,000 ac are shown.
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Figure 41—Total shrub cover (acres) on forest land by selected species used in nontimber forest products. Shrub species with at least 
150,000 ac cover are shown. 
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Forest Recreation
Oregon’s forest lands provide tremendous recreation value, 
and user demand at Oregon’s recreation sites continues to 
increase with the state’s growing population. Although pri-
vate landowners recreate on their own lands and some cor-
porate forests are open to the public, most forest recreation 
activities occur on the 64 percent of Oregon forest lands 
that are publicly owned. Forest recreation on federal lands 
takes a multitude of forms, and the values that individuals 
receive from recreation are difficult to quantify. White et 
al. (2016) examined the top recreation activities occurring 
on federal lands, noting that the top activities on NFS lands 
include viewing scenery/natural features, hiking/walking, 
relaxing/hanging out, and viewing wildlife. National 
Forest System visitor recreation fee revenues for the Pacific 
Northwest Region (covering Oregon and Washington) have 

steadily increased during the 10-year period of this report, 
reaching $8,937,597 in 2015 (compiled from Recreation 
Fee Program Accomplishment Highlights, https://www.
fs.usda.gov/detail/r6/passes-permits/recreation/?cid=fsb-
dev2_026999USDA FS 2015). A 2012 analysis estimated 
that recreation visits to federal lands nationwide contributed 
$51 billion to the U.S. economy and supported 880,000 
jobs (English et al. 2014). Rural communities surrounding 
these recreation destinations benefit from recreation-related 
spending. Recreation activities expected to increase most in 
the next 15 years include developed skiing, visiting inter-
pretive sites, day hiking, birding, and equestrian activities 
(White et al. 2016) (fig. 42). Oregon’s 2.8 million ac of 
reserved forest lands provide many recreation opportuni-
ties, and recreation occurs on many of the 19.0 million ac of 
publicly owned forests. 

Figure 42—Drift Creek Falls Trail, Columbia Gorge National Scenic Area. Day hiking is the most frequent recreation usage type on 
national forest lands. 
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Forest Health 
Damaging Agents
Although many factors affect the health of each tree, phys-
ical signs of stress or damage can often be attributed to a 
primary agent. Damage can occur from a number of factors 
including animals, insects and disease, mistletoe, weather, 
or physical defects. Most of the damages assessed by FIA 
are natural agents that play a role in forest succession. 
Detecting trends in tree damages at the stand level can aid in 
assessments of a forest’s future composition and resiliency.

FIA field crews assess each measured live tree for 
damaging agents. In the Pacific Northwest states, regional 
damage codes that included location and severity were 
implemented at the start of the annual inventory. This dam-
age coding system was replaced by a nationally consistent 
protocol in 2013. Details for both protocols are included in 

O’Connell et al. 2017, and the two systems are compatible 
when summarizing to general categories. 

A little more than one-quarter of all live trees in 
Oregon (2.75 billion) are affected by damage or defect. 
These affected trees represent one-third of Oregon’s total 
live tree volume. The most common damage agent, affect-
ing 15 percent of all live trees and making up 56 percent of 
all recorded damages, was physical injury and defects (fig. 
43). This category includes fire damage; human activities, 
including damage caused by harvest activity; and defor-
mities such as broken tops, crooks, or open wounds. Trees 
affected by dwarf mistletoe made up 9 percent of total live 
tree basal area. 

Physical injury and defects affected between 11 and 
19 percent of live trees for each of the five most common 
conifer species in the state (Douglas-fir, lodgepole pine, 
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Figure 43—Area and volume of live trees affected by one or more damage agents on forest land, Oregon, 2006–2015; volume is gross 
volume of live trees >5 inches diameter at breast height; area includes stands with >25 percent of the basal area with damage.
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ponderosa pine, western hemlock, and grand fir). Lodgepole 
pine had the highest damage rate at 46 percent; cankers, 
dwarf mistletoe, and physical injury and defects each 
affected more than 15 percent of lodgepole pine. The only 
other damaging agents that affected more than 3 percent 
of a top species’ trees were dwarf mistletoe (10 percent of 
ponderosa pines and 9 percent of western hemlocks) and 
root disease (7 percent of grand firs). 

Wildfire
Wildfire plays an important role in both forest and nonfor-
est ecosystems in the Northwest and is a driver of forest 
succession. Oregon’s forest composition today has been 
shaped by historical fires such as the Tillamook burns in the 
1930s and aggressive fire suppression efforts throughout the 
past century. Wildfire management remains a contentious 
issue; while some of Oregon’s forest ecosystems depend 
on fire to maintain forest health, uncontrolled wildfires can 
result in loss of timber value and changes in wildlife habitat, 
threaten structures and lives, and pose human health risks 
owing to smoke. The Northwest Interagency Coordination 

Center tracks wildland fire on an annual basis for Oregon 
and Washington, compiling statistics for large fires (at least 
100 ac on timberlands or 300 ac in grasslands/rangelands). 
In Oregon, between 2006 and 2015, an average of 492,174 
ac burned in large fires annually (NWCC 2017). The Long 
Draw Fire in sagebrush-dominated southeast Oregon 
burned 557,628 ac in 2012, the largest recorded fire in the 
Northwest since 1865. The years 2007, 2014, and 2015 were 
also active fire years, each with more acres burned than the 
10-year average.

FIA collects fire occurrence data on all forested field 
plots when fire causes mortality or damage to at least 25 
percent of all trees in a stand or 50 percent of a single 
species count, in addition to recording the year each fire 
occurs. These data can give an indication of the area of 
forest land burned by all fires regardless of their size. The 
10-year average using FIA field plot estimates was 157,821 
forested ac burned, with the majority of burned area occur-
ring in eastern Oregon (fig. 44).

The number of burned acres over simplifies fire 
dynamics in ecosystems because fire severity is not 
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Figure 44—Area of forest land affected by fire, by fire year and region, Oregon, 2006–2015.
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uniform even within a single burn; to gauge effects on 
forest stands, individual tree measurements add valuable 
information on pre- and postfire carbon dynamics and 
stand regeneration. A comprehensive analysis of all Oregon 
and Washington NFS land indicated that less than half 
the area burned burns at high severity (Whittier and Gray 
2016). In addition, the amount of carbon per acre lost from 
stands within 5 to 10 years of fire is on average comparable 
to the amount lost from current thinning practices (Gray 
and Whittier 2014). 

The PNW-FIA implemented an additional postfire 
study starting in 2015 on recently burned plots to capture 
fire effects and gauge regeneration across the Pacific 
Northwest. The FIA grid provides prefire and postfire 

comparisons for a variety of fire intensities. Postfire 
measurements include individual live tree, dead tree, 
down wood, and groundcover and fuels variables. A study 
using these protocols on FIA plots in California deter-
mined that the conceptual carbon trajectories frequently 
used, which assume rapid flux of carbon out of woody 
pools, may not be appropriate for many postfire stands. 
Eskelson et al. (2016) found no evidence of net change 
in total wood carbon (wood in standing trees >5 inches 
d.b.h. and down wood >3 inches in diameter) over the 
postfire period regardless of fire severity class. Further 
analysis of postfire dynamics using this extensive network 
will provide new insights on the effects of fires on carbon 
stocks and regeneration.

Research Application: Moss and Urban 
Pollutants5 
Since 1998, the Forest Inventory and Analysis (FIA) 
program has collected 5,500 surveys of epiphytic lichen 
communities used by scientists and land managers for 
evaluating air quality on the nation’s forests. The pro-
gram recently piloted another approach to biomonitoring 
air quality—using chemical analysis of lichens and moss 
tissue for mapping heavy metals like cadmium, lead, 
arsenic, cobalt, and chromium. Lichens and moss absorb 
their nutrients and moisture from the atmosphere along 
with pollutants present in air and rainwater. Analysis 
of pollutant concentrations in their tissues provides an 
estimate of pollutant deposition in the sampled area. 

National Forest System air quality managers have 
used chemical analysis of lichens and moss for over 30 
years. The NFS method was adapted and piloted on for-
ested FIA plots in the Midwestern United States. (Will-
Wolf et al. 2017) as well as in an urban environment in 
2013. For the urban pilot, scientists sampled a common 
tree-dwelling moss at 346 sites in residential areas across 
Portland, Oregon, and created fine-scaled maps of heavy 

metals in moss (Gatziolis et al. 2016). They teamed up 
with the Oregon Department of Environmental Quality 
(DEQ), who had measured higher than expected cad-
mium levels with an air-quality monitoring instrument 
at Portland’s one permanent air quality monitoring site. 
Using moss as a screening tool, they found elevated 
cadmium in moss around art glass manufacturers in 
two neighborhoods, neither of which were known to 
regulators as major heavy metals sources (Donovan et al. 
2016). Moss near the larger facility also had high arsenic 
levels. The DEQ installed air-monitoring equipment 
near the larger facility and discovered that cadmium and 
arsenic levels were 49 and 155 times established Oregon 
health targets, respectively. 

What followed were months of intense media 
interest, community meetings, protests, and state-spon-
sored testing for cadmium in the urine and garden soils 
of residents. Studies evaluating possible public health 
impacts were initiated. Air quality improved after new 
pollution controls were installed on the glass furnaces of 
one of two art glass manufacturers thought to be primary 
contributors of the pollutants (the other manufacturer 
relocated to Mexico). Emissions regulations for these 
kinds of facilities have also been revised. Oregon Gov-
ernor Kate Brown proposed the ”“Cleaner Air Oregon” 5 Author: Sarah Jovan.
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regulatory program (Senate Bill 1541) to overhaul air 
toxics regulations statewide with a health-based (vs. tech-
nology-based) permitting system for industrial sources of 
air toxics. The bill passed the Oregon State Legislature in 
March 2018, and the draft rules can be viewed along with 
related information at the Cleaner Air Oregon website: 
http://www.oregon.gov/deq/aq/cao/Pages/default.aspx.

The inability to observe air quality at a fine scale 
has been a long-standing challenge for monitoring the 
complex air quality of urban areas.  Although moss data 
cannot tell us directly whether human health is at risk, 
testing moss is inexpensive and allows us to collect a 
large number of samples. Air monitoring equipment is 
necessary for understanding potential health concerns 
but can be too costly to use in more than a few locations 
at once. Both approaches used together, however, can 
be a powerful investigative tool that allows effective 
pollution screening and interpretation (fig. 45). 
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Figure 45—Common tree-dwelling mosses such as (left) Orthotrichum lyellii can provide an inexpensive method for sampling air 
pollutants at finer scales than is possible with (right) costly air monitoring equipment. The combined approach has proved to be a 
powerful tool for pollution screening.
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Online Tables 
A suite of 125 summary data tables that accompany this 
report are available online at https://www.fs.fed.us/pnw/
pubs/pnw_gtr971-supplement.pdf and listed below for 
reference.

Number of plots:
Table 1—Number of Forest Inventory and Analysis plots 
measured by sample status, land class, and ownership 
group, Oregon 2006–2015

Area:
Table 2—Area of sampled land and water by land status 
and ownership group, Oregon 2006–2015

Table 3—Area of forest land by county and land status, 
Oregon 2006–2015

Table 4—Area of forest land by county and ownership 
group, Oregon 2006–2015

Table 5—Area of forest land by ownership and land status, 
Oregon 2006–2015

Table 6—Area of forest land by forest type group and land 
status, Oregon 2006–2015

Table 7—Area of forest land by forest type group and site 
productivity class, Oregon 2006–2015

Table 8—Area of forest land by forest type group, owner-
ship group, and land status, Oregon 2006–2015

Table 9—Area of forest land by forest type group and 
stand size class, Oregon 2006–2015

Table 10—Area of forest land by forest type group and 
stand age class, Oregon 2006–2015

Table 11—Area of forest land by ecological section and 
land status, Oregon 2006–2015

Table 12—Area of forest land by forest type group and 
stand origin, Oregon 2006–2015

Table 13—Area of timberland by forest type group and 
stand size class, Oregon 2006–2015

Number of trees: 
Table 14—Number of live trees on forest land by county 
and land status, Oregon 2006–2015

Table 15—Number of dead trees on forest land by county 
and land status, Oregon 2006–2015

Table 16—Number of live trees on forest land by county 
and broad species group, Oregon 2006–2015

Table 17—Number of dead trees on forest land by county 
and broad species group, Oregon 2006–2015

Table 18—Number of live trees on forest land by species 
group and diameter class, Oregon 2006–2015

Table 19—Number of dead trees on forest land by species 
group and diameter class, Oregon 2006–2015

Table 20—Number of live trees on forest land by forest 
type group and ownership group, Oregon 2006–2015

Table 21—Number of dead trees on forest land by forest 
type group and ownership group, Oregon 2006–2015

Table 22—Average number of live trees per acre on forest 
land by forest type group and ownership group, Oregon 
2006–2015

Table 23—Average number of dead trees per acre on forest 
land by forest type group and ownership group, Oregon 
2006–2015

Table 24—Number of growing stock trees on timberland 
by species group and diameter class, Oregon 2006–2015

Tree volume:
Table 25—Net volume of live trees on forest land by 
ownership and land status, Oregon 2006–2015
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Table 26—Net volume of dead trees on forest land by 
ownership and land status, Oregon 2006–2015

Table 27—Net volume of live trees on forest land by coun-
ty and land status, Oregon 2006–2015

Table 28—Net volume of dead trees on forest land by 
county and land status, Oregon 2006–2015

Table 29—Net volume of live trees on forest land, by 
county and broad species group, Oregon 2006–2015

Table 30—Net volume of live trees on forest land by forest 
type group and stand size class, Oregon 2006–2015

Table 31—Net volume of dead trees on forest land by for-
est type group and stand size class, Oregon 2006–2015

Table 32—Net volume of live trees on forest land by forest 
type group and ownership group, Oregon 2006–2015

Table 33—Net volume of dead trees on forest land by for-
est type group and ownership group, Oregon 2006–2015

Table 34—Net volume of live trees on forest land by spe-
cies group and ownership group, Oregon 2006–2015

Table 35—Net volume of dead trees on forest land by spe-
cies group and ownership group, Oregon 2006–2015

Table 36—Net volume of live trees on forest land by spe-
cies group and diameter class, Oregon 2006–2015

Table 37—Net volume of dead trees on forest land by spe-
cies group and diameter class, Oregon 2006–2015

Table 38—Net volume of live trees on forest land by forest 
type group and stand origin, Oregon 2006–2015

Table 39—Net volume of dead trees on forest land by for-
est type group and stand origin, Oregon 2006–2015

Table 40—Net volume of live trees on forest land by forest 
type group and stand age class, Oregon 2006–2015

Table 41—Net volume of dead trees on forest land by for-
est type group and stand age class, Oregon 2006–2015

Table 42—Average net volume per acre of live trees 
on forest land by forest type group and stand age class, 
Oregon 2006–2015

Table 43—Average net volume per acre of dead trees 
on forest land by forest type group and stand age class, 
Oregon 2006–2015

Table 44—Average net volume per acre of live trees on 
forest land by forest type group and stand size class, 
Oregon 2006–2015

Table 45—Average net volume per acre of dead trees 
on forest land by forest type group and stand size class, 
Oregon 2006–2015

Table 46—Average net volume per acre of live trees on 
forest land by forest type group and ownership group, 
Oregon 2006–2015

Table 47—Average net volume per acre of dead trees on 
forest land by forest type group and ownership group, 
Oregon 2006–2015

Table 48—Net volume of growing stock trees on timberland 
by species group and diameter class, Oregon 2006–2015

Table 49—Net volume of growing stock trees on tim-
berland by species group and ownership group, Oregon 
2006–2015

Table 50—Net volume of sawtimber-size trees on tim-
berland by species group and ownership group, Oregon 
2006–2015

Table 51—Net board-foot volume (Scribner rule) of 
sawtimber trees on timberland by county and ownership 
group, Oregon 2006–2015

Table 52—Net board-foot volume (Scribner rule) of saw-
timber trees on timberland by forest type group and own-
ership group, Oregon 2006–2015

Table 53—Net board-foot volume (Scribner rule) of saw-
timber trees on timberland by forest type group and stand 
size, Oregon 2006–2015
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Table 54—Net board-foot volume (Scribner rule) of saw-
timber trees on timberland by species group and diameter 
class, Oregon 2006–2015

Table 55—Net board-foot volume (International ¼-inch 
rule) of sawtimber trees on timberland by species group 
and diameter class, Oregon 2006–2015

Table 56—Net board-foot volume (International ¼-inch 
rule) of sawtimber trees on timberland by species group 
and ownership group, Oregon 2006–2015

Table 57—Average net board-foot volume of sawtimber 
trees per acre (Scribner rule) on timberland by forest type 
group and ownership group, Oregon 2006–2015

Table 58—Average net board-foot volume of sawtimber 
trees per acre (Scribner rule) on timberland by forest type 
group and stand size, Oregon 2006–2015

Biomass:
Table 59—Aboveground biomass of live trees on forest 
land by ownership and land status, Oregon 2006–2015

Table 60—Aboveground biomass of dead trees on forest 
land by ownership and land status, Oregon 2006–2015

Table 61—Aboveground biomass of live trees on forest 
land by county and land status, Oregon 2006–2015

Table 62—Aboveground biomass of dead trees on forest 
land by county and land status, Oregon 2006–2015

Table 63—Aboveground biomass of live trees on forest 
land by forest type group and ownership group, Oregon 
2006–2015

Table 64—Aboveground biomass of dead trees on forest 
land by forest type group and ownership group, Oregon 
2006–2015

Table 65—Aboveground biomass of live trees on forest 
land by forest type group and stand size class, Oregon 
2006–2015

Table 66—Aboveground biomass of dead trees on forest 
land by forest type group and stand size class, Oregon 
2006–2015

Table 67—Aboveground biomass of live trees on forest 
land by forest type group and stand age class, Oregon 
2006–2015

Table 68—Aboveground biomass of dead trees on for-
est land by forest type group and stand age class, Oregon 
2006–2015

Table 69—Aboveground biomass of live trees on forest land 
by species group and diameter class, Oregon 2006–2015

Table 70—Aboveground biomass of dead trees on forest 
land by species group and diameter class, Oregon 2006–2015

Table 71—Aboveground green weight biomass of live 
trees on forest land by ownership and land status, Oregon 
2006–2015

Table 72—Aboveground green weight biomass of live 
trees on forest land by species group and diameter class, 
Oregon 2006–2015

Table 73—Average aboveground biomass per acre of live 
trees on forest land by forest type group and ownership 
group, Oregon 2006–2015

Table 74—Average aboveground biomass per acre of dead 
trees on forest land by forest type group and ownership 
group, Oregon 2006–2015

Table 75—Average aboveground biomass per acre of live 
trees on forest land by forest type group and stand size 
class, Oregon 2006–2015

Table 76—Average aboveground biomass per acre of dead 
trees on forest land by forest type group and stand size 
class, Oregon 2006–2015

Table 77—Average aboveground biomass per acre of live 
trees on forest land by forest type group and stand age 
class, Oregon 2006–2015

Table 78—Average aboveground biomass per acre of dead 
trees on forest land by forest type group and stand age 
class, Oregon 2006–2015
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Carbon:
Table 79—Aboveground carbon mass of live trees on for-
est land by ownership and land status, Oregon 2006–2015

Table 80—Aboveground carbon mass of dead trees on for-
est land by ownership and land status, Oregon 2006–2015

Table 81—Aboveground carbon mass of live trees on for-
est land by forest type group and ownership group, Oregon 
2006–2015

Table 82—Aboveground carbon mass of dead trees on for-
est land by forest type group and ownership group, Oregon 
2006–2015

Table 83—Aboveground carbon mass of live trees on for-
est land by forest type group and stand size class, Oregon 
2006–2015

Table 84—Aboveground carbon mass of dead trees on for-
est land by forest type group and stand size class, Oregon 
2006–2015

Table 85—Aboveground carbon mass of live trees on forest 
land by species group and diameter class, Oregon 2006–2015

Table 86—Aboveground carbon mass of dead trees on 
forest land by species group and diameter class, Oregon 
2006–2015

Table 87—Average aboveground carbon mass per hectare 
of live trees on forest land by forest type group and owner-
ship group, Oregon 2006–2015

Table 88—Average aboveground carbon mass per hectare 
of dead trees on forest land by forest type group and own-
ership group, Oregon 2006–2015

Table 89—Average aboveground carbon mass per hectare 
of live trees on forest land by forest type group and stand 
size class, Oregon 2006–2015

Table 90—Average aboveground carbon mass per hectare 
of dead trees on forest land by forest type group and stand 
size class, Oregon 2006–2015

Down wood:
Table 91—Biomass of down wood on forest land by forest 
type group, ownership group, and land status, Oregon 
2006–2015

Table 92—Carbon mass of down wood on forest land 
by forest type group, ownership group, and land status, 
Oregon 2006–2015

Table 93—Biomass of down wood on forest land by coun-
ty and land status, Oregon 2006–2015.

Table 94—Carbon mass of down wood on forest land by 
county and land status, Oregon 2006–2015

Table 95—Average biomass per acre of down wood on for-
est land by forest type group, ownership group, and land 
status, Oregon 2006–2015

Table 96—Average biomass per acre of down wood on for-
est land by ownership and land status, Oregon 2006–2015

Table 97—Average biomass per acre of down wood on for-
est land by county and land status, Oregon 2006–2015

Combined dead trees and dead wood (standing dead trees 
and down wood):

Table 98—Average biomass per acre of all dead wood 
(standing dead trees and down wood) on forest land by 
county and land status, Oregon 2006–2015

Table 99—Volume of live trees, standing dead trees, and 
down wood on forest land by stand age class, Oregon 
2006–2015

Table 100—Biomass of live trees, standing dead trees, 
and down wood on forest land by stand age class, Oregon 
2006–2015

Table 101—Carbon mass of live trees, standing dead trees 
and down wood on forest land by stand age class, Oregon 
2006–2015

Table 102—Average volume per acre of live trees, stand-
ing dead trees, and down wood on forest land by stand age 
class, Oregon 2006–2015
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Table 103—Average biomass per acre of live trees, stand-
ing dead trees, and down wood on forest land by stand age 
class, Oregon 2006–2015

Table 104—Average carbon mass per hectare of live trees, 
standing dead trees, and down wood on forest land by 
stand age class, Oregon 2006–2015

National Forest System (NFS):
Table 105—Area of forest land by national forest and land 
status, Oregon 2006–2015

Table 106—Net volume of live trees on forest land by na-
tional forest and land status, Oregon 2006–2015

Table 107—Aboveground biomass of live trees on forest 
land by national forest and land status, Oregon 2006–2015

Table 108—Aboveground carbon mass of live trees on 
forest land by national forest and land status, Oregon 
2006–2015

Table 109—Average net volume per acre of live trees 
on forest land by national forest and land status, Oregon 
2006–2015

Table 110—Average aboveground biomass per acre of 
live trees on forest land by national forest and land status, 
Oregon 2006–2015

Table 111—Average aboveground carbon mass per hectare 
of live trees on forest land by national forest and land sta-
tus, Oregon 2006–2015

Tree damage:
Table 112—Number of live trees with damage on forest 
land by species and type of damage, Oregon 2006–2015

Table 113—Gross volume of live trees with damage 
on forest land by species and type of damage, Oregon 
2006–2015

Table 114—Area of forest land with more than 25 percent 
of basal area damaged by forest type and type of damage, 
Oregon 2006–2015

Understory vegetation:
Table 115—Mean cover of understory vegetation on 
forest land by forest type group and life form, Oregon 
2006–2015

Table 116—Mean cover of understory vegetation by 
forest type class, age class group, and lifeform, Oregon 
2006–2015

Table 117—Estimated area of forest land covered by 
selected nonnative vascular plant species and number of 
sample plots by lifeform and species, Oregon 2006–2015

Table 118—Estimated area of forest land covered by the 
most abundant vascular plant nontimber forest products by 
plant group and species, Oregon 2006–2015

Timber products output and removals:
Table 119—Total roundwood output by product, species 
group, and source of material, Oregon 2013

Table 120—Volume of timber removals by type of remov-
al, source of material, and species group, Oregon 2013

Annual growth, removals, and mortality:
Table 121—Average annual volume (cubic feet per acre) 
growth, removals, and mortality on forest land by owner-
ship group, Oregon 2001–2005 and 2011–2015

Table 122—Average annual volume (cubic feet) growth, 
removals, and mortality on forest land by ownership 
group, Oregon 2001–2005 and 2011–2015

Table 123—Average annual biomass (tons per acre) 
growth, removals, and mortality on forest land by owner-
ship group, Oregon 2001–2005 and 2011–2015

Table 124—Average annual biomass (tons) growth, re-
movals, and mortality on forest land by ownership group, 
Oregon 2001–2005 and 2011–2015

Evidence of fire:
Table 125—Forest land area on which evidence of fire 
was observed, by year and ecosection group, Oregon 
2006–2015
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Common and Scientific Plant Names (continued)
Life form Common name Scientific name
Trees: Alder Alnus spp. 

Ash Fraxinus spp. 
Aspen, quaking aspen Populus tremuloides Michx.
Birch Betula spp. 
Cottonwood Populus spp. 
Douglas-fir Pseudotsuga menziesii (Mirb.) Franco
Elm Ulmus spp. 
Engelmann spruce Picea engelmannii Parry ex Engelm.
Hemlock Tsuga spp. 
Incense cedar Calocedrus decurrens (Torr.) Florin
Jeffrey pine Pinus jeffreyi Balf.
Laurel Umbellularia californica (Hook. & Arn.) Nutt.
Lodgepole pine Pinus contorta Douglas ex Loudon
Maple Acer spp. 
Mountain hemlock Tsuga mertensiana (Bong.) Carrière
Oak Quercus spp. 
Ponderosa pine Pinus ponderosa Lawson & C. Lawson
Red alder Alnus rubra Bong.
Sitka spruce Picea sitchensis (Bong.) Carrière
Spruce Picea spp. 
Sugar pine Pinus lambertiana Douglas
Tanoak Lithocarpus densiflorus (Hook & Arn.) Rehder
True fir species Abies spp. 
Western hemlock Tsuga heterophylla (Raf.) Sarg.
Western juniper Juniperus occidentalis Hook.
Western larch Larix occidentalis Nutt.
Western redcedar Thuja plicata Donn ex D. Don

Shrubs: Beaked hazelnut Corylus cornuta Marshall
Cascade barberry, dwarf Oregon grape Mahonia nervosa (Pursh) Nutt.
California blackberry, trailing blackberry Rubus ursinus Cham. and Schltdl.
California huckleberry Vaccinium ovatum Pursh
Common snowberry Symphoricarpos albus (L.) S.F. Blake
Dwarf mistletoe Arceuthobium spp. 
Grouse whortleberry Vaccinium scoparium Leiberg ex Coville
Himalayan blackberry Rubus discolor Weihe & Nees
Oceanspray Holodiscus discolor (Pursh) Maxim.
Salal Gaultheria shallon Pursh
Salmonberry Rubus spectabilis Pursh
Scotch broom Cytisus scoparius (L.) Link
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Common and Scientific Plant Names (continued)
Life form Common name Scientific name

Snowbrush ceanothus Ceanothus velutinus Douglas ex Hook.
Thinleaf huckleberry Vaccinium membranaceum Douglas ex Torr.
Vine maple Acer circinatum Pursh

Forbs: Hairy cat’s ear Hypochaeris radicata L.
Graminoids: Bristly dogstail grass Cynosurus echinatus L.

Cheatgrass Bromus tectorum L.
Common velvetgrass Holcus lanatus L.
Medusahead Taeniatherum caput-medusae (L.) Nevski
North Africa grass Ventenata dubia (Leers) Coss.
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