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Abstract

This report presents a summary of the most recent inventory information for Idaho’s forest lands. The report includes de-
scriptive highlights and tables of area, number of trees, biomass, volume, growth, mortality, and removals. Most of the tables
are organized by forest type, species, diameter class, or owner group. The report also describes inventory design, inventory
terminology, and data reliability. Results show that Idaho’s forest land totals 21.4 million acres. Nearly 76 percent (16.2 mil-
lion acres) of this forest land is administered by the USDA Forest Service. Douglas-fir forests cover almost 6.3 million acres
or roughly 29 percent of Idaho’s forested lands, making it the most abundant forest type in the State. The lodgepole pine
type is the second-most common type comprising 11.5 percent of Idaho’s forest land. In terms of number of individual trees,
subalpine fir is the single most abundant tree species in Idaho. Net annual growth of all live trees 5.0 inches diameter and
greater on Idaho forest land totaled 376.2 million cubic feet. Average annual mortality totaled nearly 814.6 million cubic feet.
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Report Highlights

Forest Area

Idaho’s forest land area totals 21.4 million acres.

Unreserved forest land accounts for most (83 percent) of the forest land in
Idaho and totals 17.8 million acres.

Ninety-three percent of Idaho’s unreserved forest land is classified as tim-
berland and 7 percent is classified as unproductive forest land.

Nearly 76 percent of Idaho’s total forest land area, about 16.2 million acres,
is administered by the USDA Forest Service.

Douglas-fir forests cover almost 6.3 million acres and account for 29 per-
cent of forest land in Idaho.

Lodgepole pine forests cover about 2.5 million acres and are the second
most abundant forest type.

After the Douglas-fir forest type group, the fir / spruce / mountain hemlock
group is the second most abundant with 6.0 million acres in Idaho.

Numbers of Trees., Volume, and Biomass

There are an estimated 7.8 billion live trees in Idaho.
Softwood species total 7.1 billion trees or 92 percent of all live trees.

Numbers of subalpine fir trees total nearly 1.5 billion, making this species
the single most abundant tree in Idaho.

The net volume of live trees in Idaho on forest land totals 46.6 billion cubic
feet.

Growing-stock volume on timberland in Idaho totals 39.7 billion cubic feet,
or 84 percent of the total live volume on forest land.

The Douglas-fir species group accounted for the greatest growing-stock
volume with over 11.5 billion cubic feet present in Idaho timberlands.

The total weight of oven-dry biomass on Idaho forest land is 835 million
tons.

Net volume of sawtimber trees on timberland totals 200 billion board feet.

Forest Growth and Mortality

* Net annual growth of all live trees 5.0 inches diameter and greater on Idaho

forest land totaled 219.6 million cubic feet.

* Average annual mortality totaled nearly 376.2 million cubic feet
* Mortality exceeded net growth for four major tree species groups.
* Timber harvest for 2010 was 830 MMBF (Scribner), up about 10 percent

from 2009 and approximately equal to 2008; the annual harvest each year
for 2008-2010 were the three lowest harvest totals in Idaho since the second
World War.



Issves in Idaho’s Forests

The annual level of mortality of whitebark pine trees is greatly outpacing
the combined annual basal area growth of survivor trees and ingrowth trees.
Damage agents related to merchantability accounted for the majority of pri-
mary damage agents in Idaho’s forests, with diseases being the second most
frequently recorded damage.

A pronounced upward trend in mortality has occurred in lodgepole pine due
to mountain pine beetle infestation outbreaks during the 6 years of annual
inventories in Idaho.

Current inventory data show that there are nearly 708,000 acres of the aspen
forest type in Idaho, as compared to nearly 532,000 acres found during the
previous inventory.

Sixteen different invasive species were documented on 9 percent of the for-
ested plots in Idaho. Canada thistle, spotted knapweed, and meadow hawk-
weed were the most common species detected.
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Introduction

Idaho’s Forest Inventory

This report contains highlights of the status of Idaho’s forest resources, with
discussions of pertinent issues based on the first 6 years of inventory under the new
Forest Inventory and Analysis (FIA) annual system (Gillespie 1999). Resource
issues covered in this report were derived from scoping meetings with Idaho data
users conducted in 2009-2010. In 1998, the Agricultural Research Extension and
Education Reform Act (also known as the Farm Bill) mandated that inventories
would be conducted throughout United States’ forests on an annual basis. This
annual system integrates FIA and Forest Health Monitoring (FHM) sampling de-
signs resulting in the mapped-plot design, which includes a nationally consistent
plot configuration with four fixed-radius subplots; a systematic national sampling
design consisting of one plot in each approximately 6,000-acre hexagon; annual
measurement of a proportion of permanent plots; data or data summaries within
6 months after yearly sampling is completed; and a State summary report after 5
years.

Interior West Forest Inventory and Analysis (IWFIA) implemented the new an-
nual inventory strategy starting in Idaho in 2004. The strategy for the Western
United States involves measurement of 10 systematic samples (or subpanels) each
of which represents approximately 10 percent of all plots in the State. The six
inventory years covered in this report are 2004 through 2009, with a few sections
using additional periodic inventory data from earlier years and the “Idaho Timber
Harvest and Forest Products” section using ancillary data from 2010. Although the
Farm Bill requires reports after 5 years, the Idaho report was delayed to give the
IWFIA program time to work through national inconsistencies with past and cur-
rent forest land definitions.

Comparison With Previous Inventories

Past inventories of Idaho were referred to as periodic inventories where esti-
mates were derived from measurements of all plots in the State over a period of
two to three years. Numerous previous inventories of Idaho’s forest resources have
been completed, most recently in 1981 (Benson and others 1987) and 1991 (Brown
and Chojnacky 1996). Data from new inventories are often compared with data
from earlier inventories to determine trends in forest resources. However, for the
comparisons to be valid, the procedures used in the inventories must be compat-
ible. Idaho’s procedures for past inventories are different enough from present pro-
cedures that comparisons between them are not recommended. For example, past
Idaho inventories often did not sample National Forest Systems lands or wood-
lands. Some data on these lands were provided by the Forest Service National
Forest System staffs, but these data were not collected using IWFIA protocols so
any temporal comparisons are difficult to make. In addition, many definitions of
forest resource attributes have changed since 1981. The impact of these changes
varies by inventory estimate. Forest land definitions, plot configuration, and proce-
dures used to estimate forest type and stand size are some of the significant chang-
es that have occurred since the previous inventory. Some of the factors affecting
definitional differences, such as stocking or crown cover, have been reconciled
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Inventory Methods

with the past through a process called “plot-filtering,” which re-classified forest
land with 5 to 9 percent cover as a potentially new land class called “other wooded
land.” A more complete description of this process can be found in “Utah’s Forest
Reources, 2000-2005” (DeBlander and others 2010) and a detailed discussion on
comparing periodic to annual data can be found as a “Special Topic” in the “Issues
in Idaho’s Forests” section of this report.

Annual inventory summaries are updated each spring to include the most recent
subpanels of data available to the public. Data may be downloaded in table form
or queried using a variety of online tools (http://fia.fs.fed.us/tools-data/default.
asp). After 2013, a full assessment of ten subpanels of data will be included in the
upcoming 10-year (full cycle) report. In 2014, the re-measurement phase of the
inventory will begin by re-measuring the first subpanel of plot data collected in
2004.

Plot Configuration

The national FIA plot design consists of four 24-foot radius subplots config-
ured as a central subplot and three peripheral subplots. Centers of the peripheral
subplots are located at distances of 120 feet and at azimuths of 360 degrees, 120
degrees, and 240 degrees from the center of the central subplot. Each standing tree
with a diameter 5 inches or larger at breast height (d.b.h.) for timber trees, or at root
collar (d.r.c.) for woodland trees, is measured on these subplots. Each subplot con-
tains a 6.8-foot radius microplot with its center located 12 feet east of the subplot
center on which each tree with a d.b.h./ d.r.c. from 1 inch to 4.9 inches is measured.

In addition to the trees measured on FIA plots, data are also gathered about
the stand or area in which the trees are located. Area classifications are useful for
partitioning the forest into meaningful categories for analysis. Some of these area
attributes are measured (e.g., percent slope), some are assigned by definition (e.g.,
ownership group), and some are computed from tree data (e.g., percent stocking).

To enable division of the forest into various domains of interest for analysis,
it is important that the tree data recorded on these plots are properly associated
with the area classifications. To accomplish this, plots are mapped by condition
class. A condition class (or condition) is the combination of discrete attributes that
describe the area associated with a plot. These attributes include land use, forest
type, stand origin, stand size, owner group, reserve status, and stand density as
well as other ancillary and computed attributes (Bechtold and Patterson 2005). In
some cases, the plot footprint spans two or more conditions. Field crews assign a
number to the first condition class encountered on a plot. This condition is then
defined by a series of discrete variables attached to it (i.e., land use, stand size,
regeneration status, tree density, stand origin, ownership group, and disturbance
history). Additional conditions are identified if there is a distinct change in any of
the condition-class variables on the plot.

USDA Forest Service Resour. Bull. RMRS-RB-14. 2012



Sample Design

Three-Phase Inventory

Based on historic national standards, a sampling intensity of approximately one
plot per 6,000 acres is necessary to satisfy national FIA precision guidelines for
area and volume. Therefore, FIA divided the area of the United States into non-
overlapping, 5,937-acre hexagons and established a plot in each hexagon using
procedures designed to preserve existing plot locations from previous inventories.
This base sample, designated as the Federal base sample, was systematically di-
vided into a number of non-overlapping panels, each of which provides systematic
coverage of the State. Each year the plots in a single subpanel are measured, and
subpanels are selected on either a 5-year (eastern regions) or 10-year (western
regions) rotating basis (Gillespie 1999). For estimation purposes, the measure-
ment of each subpanel of plots can be considered an independent, equal probability
sample of all lands in a State, or all plots can be combined to represent the State.

FIA conducts inventories in three phases. Phase 1 uses remotely sensed data to
obtain initial plot land cover observations and to stratify land area in the population
of interest, such as counties, to increase the precision of estimates. In phase 2, field
crews visit the physical locations of permanent field plots to measure traditional
inventory variables such as tree species, diameter, and height. In phase 3, field
crews visit a subset of phase 2 plots to obtain measurements for an additional suite
of variables associated with forest and ecosystem health. The three phases of the
enhanced FIA program are discussed in the following sections.

Phase 1—Remotely sensed data in the form of aerial photographs, digital or-
thoquads, and satellite imagery are used for initial plot establishment. Each plot
is assigned a digitized geographic location, and a human interpreter determines
whether a plot has the potential to sample forest or other wooded land based on
remotely sensed data. Plot locations that are accessible to field crews and have the
potential to sample forest or other wooded land are selected for further measure-
ment via field crew visits in phase 2.

The only remote sensing medium used for stratification in Idaho was 2004
MODIS satellite imagery. The spatial resolution of the MODIS imagery used
was 250 meters. Three strata were recognized: forest/other wooded land, nonfor-
est land, and census water. Depending on geography and sampling intensity, geo-
graphic divisions are identified within a State for area computation and are referred
to as estimation units. In Idaho, individual counties served as the estimation units.
The area of each estimation unit is divided into strata of known size using the satel-
lite imagery and computer-aided classification. The classified imagery divides the
total area of the estimation unit into pixels of equal size and assigns each pixel to
one of H strata. Each stratum, 4, then contains 7, ground plots where the phase 2
attributes of interest are observed.

To illustrate, the area estimator for forest land for an estimation unit in Idaho is
defined as:

where:

USDA Forest Service Resour. Bull. RMRS-RB-14. 2012 3



Sovrces of Error

Ag = total forest area (acres) for estimation unit g
ATg = total land area (acres) in estimation unit g
H = number of strata (3)

n/

e number of phase 1 points in stratum h in estimation unit g

n'g = total number of phase 1 points in estimation unit g

Ving = forest land condition proportion on phase 2 plot i in stratum h in estimation
unit g

n,, = number of phase 2 plots in stratum h in estimation unit g

Phase 2—Field crews record a variety of data for plot locations determined in
phase 1 to sample accessible forest land. Before visiting privately owned plot loca-
tions, field crews consult county land records to determine the ownership of plots
and then seek permission from private landowners to measure plots on their lands.
The field crews determine the location of the geographic center of the center sub-
plot using geographic positioning system (GPS) receivers. They record condition-
level variables that include land use, forest type, stand origin, stand-size class,
site productivity class, forest disturbance history, slope, aspect, and physiographic
class. For each tree, field crews record a variety of variables including species,
live/dead status, diameter, height, crown ratio, crown class, damage, and decay
status. Office staff apply statistical models using field crew measurements to calcu-
late values for additional variables such as individual tree volume and per unit area
estimates of number of trees, volume, biomass, growth, and mortality.

The standard suite of phase 2 attributes is collected by all FIA regions in a con-
sistent manner. In addition to these national “core” variables, IWFIA collects data
on forest attributes that regional stakeholders find informative and useful. These
include understory vegetation cover and species dominance, noxious weeds, and
down woody material. These data are collected through documented protocols on
all accessible phase 2 forested plots in the Interior West (USFS 2011). These re-
gional attributes are used in the “Noxious Weeds” and “Down Woody Material”
analyses of this report.

Phase 3—The third phase of the enhanced FI1A program focuses on forest health.
Phase 3 is administered cooperatively by the FIA program, other Forest Service
programs, other Federal agencies, State natural resource agencies, universities,
and the Forest Health Monitoring (FHM) program. Phase 3 is the ground survey
portion of the Forest Health Monitoring (FHM) program and was integrated into
the FIA program in 1999. The phase 3 sample consists of a 1/16 subset of the phase
2 plots, which equates to one phase 3 plot for approximately every 95,000 acres.
Phase 3 measurements are obtained by field crews during the growing season and
include an extended suite of ecological data. Because each phase 3 plot is also a
phase 2 plot, the entire suite of phase 2 measurements is collected on each phase
3 plot at the same time as the phase 3 measurements. Soil structure and chemistry,
and crown condition are two attributes collected at the phase 3 subsample. Phase 3
soil data is used in the “Soil Resources” section of this report.

Sampling error—The process of sampling (selecting a random subset of a popu-
lation and calculating estimates from this subset) causes estimates to contain error
they would not have if every member of the population had been observed and in-
cluded in the estimate. The 2004-2009 FIA inventory of Idaho is based on a sample
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of 5,295 plots systematically located across the State (a total area of 53.5 million
acres); a sampling rate of approximately one plot for every 10,101 acres.

The statistical estimation procedures used to provide the estimates of the popula-
tion totals presented in this report are described in detail in Bechtold and Patterson
(2005). Along with every estimate is an associated sampling error that is typically
expressed as a percentage of the estimated value but that can also be expressed
in the same units as the estimate or as a confidence interval (the estimated value
plus or minus the sampling error). This sampling error is the primary measure of
the reliability of an estimate. An approximate 67 percent confidence interval con-
structed from the sampling error can be interpreted to mean that under hypothetical
repeated sampling approximately 67 percent of the confidence intervals calculated
from the individual repeat samples would include the true population parameter
if it were computed from a 100-percent inventory. The sampling errors for State-
level estimates are presented in Appendix D (table 37).

Users may compute statistical confidence for subdivisions of the reported data
using the formula below. Because sampling error increases as the area or volume
considered decreases, users should aggregate data categories as much as possible.
Sampling errors obtained from this method are only approximations of reliability
because homogeneity of variances is assumed. The formula is:

VX
JXs

SE = sampling error for subdivision of State total.

SE = SE,

SE, = sampling error for State total.
X = sum of values for the variable of interest (area, volume, biomass, etc.) for

s

subdivision of State total.
X = sum of values (area, volume, biomass, etc.) for State total.

Measurement Error—Errors associated with the methods and instruments used
to observe and record the sample attributes are called measurement errors. On FIA
plots, attributes such as the diameter and height of a tree are measured with differ-
ent instruments, and other attributes such as species and crown class are observed
without the aid of an instrument. On a typical FIA plot, 30 to 70 trees are observed
with 15 to 20 attributes recorded on each tree. In addition, many attributes that
describe the plot and conditions on the plot are observed. Errors in any of these
observations affect the quality of the estimates. If a measurement is biased—such
as tree diameter consistently taken at an incorrect place on the tree—then the esti-
mates that use this observation (e.g., calculated volume) will reflect this bias. Even
if measurements are unbiased, high levels of random error in the measurements
will add to the total random error of the estimation process. To ensure that all
FIA observations are made to the highest standards possible, a Quality Assurance
Program is an integral part of all FIA data collection efforts (see the “Quality
Assurance Analysis” section of this report for more details).

Prediction error—Errors associated with using mathematical models (such as
volume models) to provide information about attributes of interest based on sam-
ple attributes are referred to as prediction errors. Area, number of trees, volume,
biomass, growth, removals, and mortality are the primary attributes of interest
presented in this report. Area and number of trees estimates are based on direct ob-
servation and do not involve the use of prediction models; however, FIA estimates
of volume, biomass, growth, and mortality used model-based predictions in the
estimation process.

USDA Forest Service Resour. Bull. RMRS-RB-14. 2012 5



Overview of Tables

Forest Inventory and Analysis is currently working on a revised national core
table set that will expand the suite of tabular information to incorporate more of the
core FIA Program, using both phase 2 and 3 data. Appendix D contains an interim
set of tables supporting this report, using Idaho annual data for the years 2004
through 2009. There are a total of 37 tables with statistics for land area, number
of trees, wood volume, biomass (weight), growth, mortality, and sampling errors.
Table 1 is the only table that includes all land types or land status; the rest include
only accessible forest land or timberland. Table 37 shows sampling errors for area,
volume, net growth, and mortality at the 67 percent confidence level. Appendix
E includes tables derived from soil data collected from the phase 3 subsample.
Additional tables that supplement specific sections are included in the body of this
report and are numbered consecutively, using Roman numerals, as they appear in
the document.

Overview of Ildaho’s Forest Resovrces

Ecoregion Provinces of ldaho

Issues and events that influence forest conditions often occur across forest types,
ownerships, and political boundaries. As a result, scientists, researchers, and land
managers must also find a way to assess and treat these issues in a boundaryless
way. Ecoregions are often used as a non-political land division to help researchers
study forest conditions. An ecoregion is a large landscape area that has relatively
consistent patterns of topography, geology, soils, vegetation, climate, and natu-
ral processes (Shinneman and others 2000). Many smaller ecosystems may reside
within an ecoregion.

Idaho is at the confluence of five ecoprovinces: (1) the Intermountain Semi-
Desert Province dominates the southern part of the State, (2) the Great Plains-
Palouse Dry Steppe Province encompasses a small portion of the northwestern part
of the State, (3) the Northern Rocky Mountain Forest—Steppe-Coniferous Forest
Alpine Meadow Province encompasses the northern part, (4) the Middle Rocky
Mountain Forest—Steppe-Coniferous Forest Alpine Meadow Province in the cen-
tral portion of the State, and (5) the Southern Rocky Mountain Forest—Steppe-
Coniferous Forest Alpine Meadow Province in the southeast (Bailey 1995).

The Northern, Middle, and Southern Rocky Mountain Steppe ecoprovinces
contain the majority of Idaho’s forest resources. These provinces also contain the
most forested area and greatest variety of forest types. Bailey (1995) describes
these areas as follows:

Northern Rocky Mountain Forest—Steppe-Coniferous Forest Alpine Meadow
Province:

Well-marked life belts are a striking feature of the Northern Rocky Mountain
Steppe Province. In the uppermost (alpine) belt, trees are absent. The subalpine
belt is dominated in most places by Engelmann spruce and subalpine fir. Western
redcedar and western hemlock are characteristic of the montane belt. Associated
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trees include Douglas-fir (found throughout the region), along with western white
pine, western larch, grand fir, and western ponderosa pine (found in the south).
In these forests, areas that have been burned or cut are invaded first by larch, a
deciduous conifer. White pine may crowd out the larch, then be replaced by hem-
lock, redcedar, and lowland white fir. Depending on latitude, the lower part of the
montane belt may be interspersed with grass and sagebrush.

Middle Rocky Mountain Forest—Steppe-Coniferous Forest Alpine Meadow
Province:

Altitudinal zones are also evident in the Middle Rocky Mountain Steppe Province.
Below the subalpine zone, Douglas-fir is the climax dominant, with grand fir as an
associate west of the continental divide, chiefly on west-facing slopes. Lodgepole
pines and grasses grow principally in the basins and ranges in the eastern and
southeastern part of the province. Below the Douglas-fir belt, ponderosa pine is
dominant to the west of the continental divide, constituting a xerophytic forest. The
lower slopes of the mountains and the basal plain are dominated by sagebrush
semidesert or steppe.

Southern Rocky Mountain Forest—Steppe-Coniferous Forest Alpine Meadow
Province:

The Southern Rocky Mountain Steppe province is noted for its pronounced veg-
etational zonation, controlled by a combination of altitude, latitude, direction of
prevailing winds, and slope exposure. Generally, the various zones are at higher
altitudes in the southern part of the province than in the northern, and they extend
downward on east-facing and north-facing slopes and in narrow ravines and val-
leys subject to cold air drainage. The uppermost (alpine) zone is characterized
by alpine tundra and the absence of trees. Directly below it is the subalpine zone,
dominated in most places by Engelmann spruce and subalpine fir. Below this area
lies the montane zone, characterized by ponderosa pine and Douglas-fir, which fre-
quently alternate--ponderosa pine dominates on lower, drier, more exposed slopes,
and Douglas-fir is predominant in higher, moister, more sheltered areas. After fire
in the subalpine zone and in the upper part of the montane zone, the original forest
trees are usually replaced by aspen or lodgepole pine.

The remaining two provinces are characterized by dry rocky foothills, mesas,
and plateaus, north and south running basins and ranges, and lava fields. The pre-
dominant community types in the areas are sagebrush steppe and shortgrass prai-
rie. Forest types in these regions include western juniper, with some Douglas-fir,
aspen, and other hardwood species found along riparian zones and where soils and
moisture permit.

Forest Land Classification

Historically, FIA has used a nationally consistent standard for defining differ-
ent categories of forest land. These categories were originally developed for the
purpose of separating forest land deemed suitable for timber production from for-
est land that was either not suitable or unavailable for timber harvesting activity.
The first division of forest land is unreserved forest land and reserved forest land.
Unreserved forest land is considered available for harvesting activity where wood
volume can be removed for timber products. Reserved forest land is considered
unavailable for any type of wood utilization management practice through admin-
istrative legislation.
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Unreserved forest land is further divided into timberland and unproductive for-
ests. In the past, forest types have often been separated into timber and woodland
types. Timber types are characterized by stands where the plurality of stocking is
from species where diameter is measured at breast height, as opposed to root collar
(woodland types). Timberland is further defined as forest land capable of produc-
ing 20 cubic feet of wood per acre per year of trees designated as a timber species
and not withdrawn from timber production. Unproductive forests are, because of
species characteristics and site conditions, not capable of producing 20 cubic feet
of wood per acre per year of trees designated as a timber species and not with-
drawn from timber production (see the “Standard Forest Inventory and Analysis
Terminology” section of this document).

Reserved forest land is further divided into productive and unproductive forests.
Productive forest land is capable of producing 20 cubic feet of wood per acre per
year of trees designated as a timber species but is withdrawn from timber produc-
tion. Unproductive reserved land is, because of a combination of species charac-
teristics and site conditions, not capable of producing 20 cubic feet of wood per
acre per year of trees designated as a timber species and withdrawn from timber
production.

The State of Idaho encompasses 53.5
x : million acres of land area, of which 21.4
million acres were estimated by FIA as
forest land (fig. 1). Unreserved forest land

s = ; ‘| accounts for most (83 percent) of the for-
8l [ stae Boundaries ‘1 est land in Idaho and totals 17.8 million
L] Gouoy Boundries acres (table 2). Ninety-three percent of
L] wersesom Idaho’s unreserved forest land is classi-
' fied as timberland and 7 percent is classi-
fied as unproductive forest land. Reserved
forests account for 17 percent, or 3.6 mil-
lion acres of total forest land.

Figure 1: Land class map depicting
lands with 10 percent or more forest
cover in Idaho.
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Forest Land Ownership

Forest Type

<1%

Nearly 76 percent of Idaho’s total forest land area, about 16.2 million acres, is
administered by the USDA Forest Service (fig. 2). The National Forest Service
System’s land in Idaho consists of 11 different National Forests. Almost 79 per-
cent of National Forest System’s forest land is classified as unreserved forest land.
About 12.2 million acres, or 96 percent, of National Forest System’s forest land
is classified as unreserved timberland (table 2). The State government manages
1.3 million acres of forest land in Idaho. Most of this forest land—about 98 per-
cent—is classified as unreserved. Over 91 percent of Idaho’s State controlled for-
est land meets the conditions to qualify as unreserved timberland. Privately owned
forest land totals 2.8 million acres. Private landowners are a diverse group in Idaho
consisting of private individuals and corporations. All private forest land is in the
unreserved owner class and 91 percent is classified as timberland. The remaining
amount of forest land in Idaho is controlled by the National Park Service (NPS),
the Bureau of Land Management (BLM), and the Department of Defense. Over
944 thousand acres are controlled by the BLM, another 80 thousand acres are
controlled by the NPS, and 32 thousand acres are controlled by the Department of
Defense.

Forest type is a classification of forest land based on the species forming a plu-
rality of living trees growing in a particular forest. The distribution of forest types
across the landscape is determined by factors such as climate, soil, elevation, as-
pect, and disturbance history. Forest type names may be based on a single species
or groups of species. Forest types are an important measure of diversity, structure,
and successional stage. Loss or gain of a particular forest type over time can be
used to assess the impact of major disturbances such as fire, weather, insects, dis-
ease, and man-caused disturbances such as timber harvesting activity.

I National Forest

<1%

M Private

M State

M Bureau of Land Mgmt
Figure 2: Area of forest
i National Park Service :32?1(?3/2%\’(\;230%8“‘)’

i Dept of Defense
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The most abundant forest type group in Idaho is the Douglas-fir group (fig. 3).
Douglas-fir forests cover nearly 6.3 million acres and account for 29 percent of for-
est land in the State (fig. 4a, table 3). Second in abundance, the fir/ spruce/ moun-
tain hemlock forest type group totals just over 6 million acres (fig. 4b). Subalpine
fir accounts for the largest portion (2.3 million acres) of the forest area classified in
the fir/spruce/mountain hemlock type group. Lodgepole pine forest types cover 2.5
million acres and are the third most abundant forest type group (fig. 4c). Next in
order of abundance are non-stocked forests (1.7 million acres), the ponderosa pine
group (1.6 million acres), the hemlock/ sitka spruce group (887 thousand acres),
and the aspen/ birch group (795 thousand acres).

Douglas-fir

Fir / spruce / mountain hemlock
Lodgepole pine
Nonstocked

Ponderosa pine

Hemlock / Sitka spruce
Aspen / birch

Other western softwoods
Pinyon / juniper

Western larch

Woodland hardwoods
Elm / ash / cottonwood
Western white pine
Alder / maple

Other hardwoods

0 1 2 3 4 5 6 7

Million acres

Figure 3: Area of forest land by forest type group, Idaho, 2004-2009. See appendix A and B for species and forest
types included in each group.
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Figure 4a: Land class map depicting crown forest cover in Idaho with the general locations of
plots containing the Douglas-fir forest type group, Idaho, 2004-2009.
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Figure 4b: Land class map depicting percent crown cover in Idaho with the general locations
of plots containing fir/spruce/mountain hemlock forest type group, Idaho, 2004-2009.
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Figure 4c: Land class map depicting percent crown cover in Idaho with the general locations of plots
containing lodgepole pine forest type group, Idaho, 2004-2009.
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Stand Age
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The present age structure of Idaho’s forest area, in terms of stand age and forest
type group composition, provides insight into prospective shifts in stand composi-
tion over time. On every FIA plot that samples forest land, a stand age is calcu-
lated. If there are trees available for suitable increment core extraction, a stand
age is estimated based upon the average age of only those trees that fall within
the calculated stand-size assignment. For example, suppose an FIA plot sampled
a softwood forest type where about 30 percent of the live trees were in the large
diameter stand-size (trees at least 9.0 inches d.b.h. and larger) and 70 percent were
in the medium diameter stand-size class (trees between 5.0 and 9.0 inches d.b.h.).
Since the stand would be classified as a medium diameter stand size class, only the
medium size trees would be used in determining stand age. There are limitations
to collecting data for stand age computation. Certain tree species, especially those
that are very old, prohibit repeatable measures of increment cores. Certain stand
types, such as Gambel oak, that are dominated by small-diameter trees are very
difficult to accurately assign a stand age. All nonstocked forest conditions—i.e.,
those forested areas that have less than 10 percent stocking of live trees because of
disturbance—are assigned a stand age of zero.

The largest proportion of Idaho’s forested land is between 60 and 120 years
of age (table 6). Over 46 percent, or almost 10 million acres, of the forest land is
between 60 and 120 years of age. About 20 percent of the forest land is in stands
under 21 years of age and 3 percent are over 200 years of age.

There is a considerable difference in stand age distribution between the major
forest type groups in the State (figs. 5a and 5b). The other western hardwoods
group is the oldest with half of the forest area in stands over 140 years old. Twenty
percent of pinyon-juniper stands are over 140 years old, making it the next oldest
group. Aspen, which is generally shorter lived than most Idaho conifer species, is
characterized by a larger number of stands in the younger age classes with over 98

M Douglas-fir

M Fir / spruce / mountain hemlock

U Lodgepole pine

M Ponderosa pine

_____ M

0-20 21-40 41-60 61-80 81-100 101-120 121-140 141-160 161-180 181-200 >200
Stand-age class (years)

Figure 5a: Distribution of forest land by stand age class and more common forest type groups in Idaho, 2004-2009.
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Figure 5b: Distribution of forest land by stand age class and less common forest type groups in Idaho, 2004-2009.

percent of aspen forests in stands less than 100 years old. This makes the aspen/
birch forest type group the youngest of those occupying greater than 100 thousand
acres in Idaho. All three of the most abundant groups—the Douglas-fir, the spruce/
fir/ mountain hemlock, and the lodgepole pine groups—have their highest propor-
tion of area in the 81 to 100 year age class at 22 percent, 17 percent, and 23 percent
respectively.

Stand Density Index (SDI)

Stand density index (SDI) (Reineke 1933) is a relative measure of stand density,
based on quadratic mean diameter of the stand and the number of live trees per
acre. In the western States, silviculturists often use SDI as one measure of stand
structure to meet diverse objectives such as ecological restoration and wildlife
habitat (e.g., Smith and Long 1987; Lilicholm and others 1994; Long and Shaw
2005).

SDI is usually presented as a percentage of a maximum SDI for each forest
type. Maximum SDI is rarely, if ever, observed in nature at the stand scale be-
cause the onset of competition-induced (self-thinning) mortality begins to occur at
about 60 percent of the maximum SDI. Average maximum density, which is used
in normal yield tables, and is equivalent to the A-line in Gingrich-type stocking
diagrams (Gingrich 1967) is equal to approximately 80 percent of maximum SDI.
There are several reasons why stands may have low SDI. Stands typically have
low SDI following major disturbances, such as fire, insect attack, or harvesting.
These stands remain in a low-density condition until regeneration fills available
growing space. Stands that are over-mature can also have low SDI, because grow-
ing space may not be re-occupied as fast as it is released by the mortality of large,
old trees. Finally, stands that occur on very thin soils or rocky sites may remain
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Table I: Maximum Stand Density Index (SDI) of forest types found in Idaho.

Forest Type Maximum SDI
Western juniper 320
Cottonwood 360
Pinyon-juniper woodland 370
Ponderosa pine 375
Juniper woodland 385
Limber pine 410
Cercocarpus woodland 415
Rocky Mountain juniper 425
Western larch 430
Subalpine fir 470
Grand fir 475
Unknown / nonstocked 475
Douglas-fir 485
Engelmann spruce / subalpine fir 485
Aspen 490
Whitebark pine 500
Engelmann spruce 500
Lodgepole pine 530
Intermountain maple woodland 540
Mountain hemlock 56
Western hemlock 600
Other hardwoods 645

at low density indefinitely, because limitations on physical growing space do not
permit full site occupancy. A site is considered to be fully occupied at 35 percent
of maximum SDI. At lower densities, individual tree growth is maximized but
stand growth is below potential, while at higher densities, individual tree growth is
below potential, but stand growth is maximized (Long 1985).

Originally developed for even-aged stands, SDI can also be applied to uneven-
aged stands (Long and Daniel 1990; Shaw 2000). Stand structure can influence
the computation of SDI, so the definition of maximum SDI must be compatible
with the computation method. Because FIA data include stands covering the full
range of structure, the maximum SDIs are currently being revised for FIA forest
types (Shaw and Long, in prep.). The provisional revised maximum SDIs, which
are compatible with FIA computation methods, are shown in table I. SDI was
computed for each condition that sampled forest land using the summation method
(Shaw 2000), and the SDI percentage was calculated using the maximum SDI for
the forest type found on the condition.

The distribution of SDI values in Idaho is relatively balanced. Figure 6 shows
that stands appear to be well-stocked, with over 47 percent of forest acres at least
fully occupied (SDI equal to 35 percent or greater). The other 53 percent is rela-
tively evenly distributed over the lower range of stocking. Over 14 percent of
Idaho’s forests are in the range where competition-induced mortality is expected
(SDI equal to 60 percent or greater).

Stands with SDI between 35 and 60 percent of maximum SDI (full stocking
zone) are desirable from a forest management perspective because that density
range maximizes stand growth and minimizes competition-induced mortality;
other objectives, such as fuel reduction or maintenance of wildlife habitat char-
acteristics, may warrant lower relative densities. The proportion of Idaho’s forests
in the full stocking zone (32.7%) is comparable to the proportions found in other
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Figure 6: Distribution of stand density on Idaho forest land, Idaho, 2004-2009.

Number of Trees

interior western States (Arizona 25.2%, Colorado 34.9%, Montana 32.5%, Utah
32.0%). At 14.4 percent, the proportion of area in the competition mortality zone
is somewhat lower than is found in other interior western States (Arizona 15.8%;
Colorado 25.3%, Montana 19.6%, Utah 20.0%). The relatively small proportion
of acreage in this density range is likely due to a combination of density-reducing
natural disturbances, such as fire and insect infestation, and management activi-
ties, such as thinning treatments. Because excessive density is considered a risk
factor for many damaging agents, Idaho forests may have a lower risk rating for
certain agents. Given that several damaging agents are currently active in Idaho
(see the “Issues in Idaho’s Forests™ section of this document), it is expected that the
proportion of high-density acreage will decrease further over time. Management
activities designed to reduce risks, such as fuel reduction treatments, will have
a similar effect. At the same time, many lower-density stands should increase in
relative density. This may lead to an eventual increase in the area of well-stocked
forest land.

A measure of the number of live trees is needed in a variety of silvicultural,
forest health, and habitat management applications. To be meaningful, numbers of
trees are usually combined with information about the size of the trees. Younger
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Number of trees (billions)

35 =

forest stands are usually comprised of large numbers of small-diameter trees,
whereas older forest stands contain small numbers of large-diameter trees.

There are an estimated 7.8 billion live trees >1 inch d.b.h. or d.r.c. in Idaho (ta-
ble 10). Softwood species total 7.1 billion trees or 92 percent of the trees in Idaho
(fig. 7). Over 65 percent of softwood trees are under 5.0 inches in diameter and
nearly 5 percent are 15.0-inches and larger in diameter. The true fir species group
is the most abundant softwood species group accounting for 38 percent (2.7 billion
trees) of the softwood total. This group consists of grand fir and subalpine fir. Next
in abundance is the Douglas-fir group at 1.3 billion trees. The Douglas-fir species
accounts for all trees in this group. Third in abundance is the lodgepole pine spe-
cies group at 1.26 billion trees. Lodgepole pine is the only species represented in
this group. Tables 10 and 11 in Appendix D show the size-class distribution by
species group for these trees.

The cottonwood and aspen species group accounts for the majority (51 percent)
of the hardwood species occurring in Idaho. Quaking aspen is a very important tree
in Idaho. Stands of aspen are esthetically appealing and provide excellent habitat
for a wide variety of wildlife. Numbers of aspen trees total nearly 330 million mak-
ing this species the single most abundant hardwood tree in Idaho. Most aspen trees
in Idaho are concentrated in the smaller diameter classes. Sixty-five percent of all
live aspen stems are less than three inches in diameter. The western woodland hard-
woods species group is the next most abundant group with an estimated 276 mil-
lion trees. This group includes bigtooth maple and curlleaf mountain-mahogany.

M Softwoods

H Aspen

i Other hardwoods

1.0-2.9

I__l Lo« o

3.0-4.9 5.0-6.9 7.0-8.9 9.0-10.9 11.0-12.9 13.0-14.9 15.0 +

Diameter class (inches)

Figure 7: Number of live trees =1 inch d.b.h./ d.r.c on forest land by species group and diameter class, Idaho, 2004-2009.
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Live Tree Volume, Biomass. and Sawtimber

The amount of cubic-foot volume of wood in a forest is important for de-
termining the sustainability of current and future wood utilization. The forest
products industry is interested in knowing where available timber volume is lo-
cated, who owns it, the species composition, and the size distribution. Biomass
estimates are based on gross volumes; they exclude foliage and include all live
trees 1.0 inches in diameter and larger.

The net volume of live trees in Idaho on forest land totals 47.2 billion cubic
feet (table 12). Eighty percent, or 37.8 billion cubic feet, is located on lands
managed by the National Forest System. Ten percent, or 4.8 billion cubic feet, is
under private ownership. Three percent, or 1.4 billion cubic feet, is on Federal
lands other than national forests. The remainder, about 3.2 billion cubic feet, is
on lands administered by the State of Idaho. The total weight of oven-dry above-
ground biomass on Idaho forest land (using regional equations, see table 29a) is
853 million tons, of which 734 million tons reside on Federal lands, 56 million
tons on State lands, and the remaining 92 million tons on private land.

Various factors affect whether timber is available for harvest. Three signifi-
cant factors are ownership status, productivity, and merchantability standards.
Timber volume on reserved forest land—Iland permanently reserved from wood
products utilization through statute or administrative designation—is considered
land that will not be harvested. Timberland is unreserved forest land capable of
producing in excess of 20 cubic feet per acre per year of wood. Forest land not
capable of meeting this productivity threshold is assumed to have a low probabil-
ity of being harvested. Historically, FIA has segregated live-tree volume based
on growing-stock classification. Growing-stock trees are live trees that possess,
or have the potential, to produce an 8-foot sawlog that meets required merchant-
ability standards (see the “Standard Forest Inventory and Analysis Terminology”
section of this document). Therefore, the amount of growing-stock volume on
timberland can be considered a reasonable benchmark for the amount of timber
that is potentially available for harvest. Growing-stock volume on timberland in
Idaho totals 40 billion cubic feet, or 84 percent of the total live volume on for-
est land (fig. 8). Net volume of sawtimber trees on timberland totals 200 billion
board feet (table 19).

Douglas-fir and grand fir together account for almost half (49 percent) of all
growing-stock volume on timberland (fig. 9). Next in abundance, lodgepole pine
totals 4.3 billion cubic feet of growing-stock volume. Growing-stock volume of
subalpine fir total 3.4 billion cubic feet and ranks fourth. Douglas-fir and grand
fir also account for the majority of sawtimber volume (103 billion board feet).
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Figure 9: Volume of growing-stock trees on timberland by species group, Idaho, 2004-2009.
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Forest Growth and Mortality

Two common measures of forest vigor and sustainability are tree growth and mor-
tality. Growth, as reported here, is the average annual growth volume calculated
from a sample of tree increment core measurements based on the previous 10 years
of radial growth. Mortality, as reported here, is the average annual net volume of
trees that have died in the 5 years prior to the year of measurement. The reason be-
hind this growth and mortality estimation procedure in Idaho is that the inventory
data are limited to initial plot measurements. Complete remeasurement data for the
State—where the status of the plot and all trees on the plot are known at two points in
time—will not be available until all ten panels of data are completed and remeasure-
ment begins in the eleventh year.

The relationship between growth and mortality quantifies the change in inven-
tory volume over time. Gross growth minus mortality approximates the average an-
nual change in inventory volume not including the average annual volume removed
through timber harvesting. Net annual growth of all live trees 5.0 inches diameter and
greater on Idaho forest land totaled 376.2 million cubic feet while mortality totaled
nearly 814.6 million cubic feet (tables 22 and 25). Figure 10 illustrates the relation-
ship between net growth and mortality by ownership group in Idaho. Mortality of all
trees on forest land controlled by National Forest Systems lands totaled 757.9 mil-
lion cubic feet and exceeded net growth on this owner group by more than sevenfold.
In contrast, net growth exceeded mortality on privately owned forests: net growth
totaled 168.8 million cubic feet compared to 25.9 million cubic feet of mortality.

M Net Growth H Mortality

Milllion cubic feet

Forest Service Other Federal State and local government Undifferentiated private

Ownership group

Figure 10: Net annual growth and mortality on forest land by ownership group, Idaho, 2004-2009.
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Figure 11: Net annual growth and mortality on forest land by species and species group, Idaho, 2004-2009.
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Figure 11 illustrates the relationship between net growth and mortality for the
major species and species groups in Idaho. Of the ten species groups listed, mor-
tality exceeded net growth for four species groups. The most striking relationship
between net growth and mortality occurred in lodgepole pine. Lodgepole pine re-
corded —75.3 million cubic feet of net growth compared to 209 million cubic feet of
mortality. Whitebark pine—an important producer of food for wildlife in Idaho and
other States—also recorded a negative net growth of —16.4 million cubic feet com-
pared to 23.9 million cubic feet of mortality. Mortality of Douglas-fir totaled 240.7
million cubic feet compared to 56.3 million cubic feet of net growth. Mortality of
the true fir group also exceeded net growth. Net growth exceeded mortality for the
ponderosa pine, western larch, western redcedar, western hemlock, Engelmann and
other spruces, and aspen species groups.

Since high mortality is the driving force behind the large reductions in gross
growth, further examination of this change component by other resource attributes
can help explain the factors behind the high level of tree volume estimated to have
died in the previous 5 years. Significant differences were observed in per-acre esti-
mates of mortality between major ownership groups and reserved status. Converting
the State-level estimates of mortality into per-acre estimates removes the effect of
differences in the amount of forest land controlled by different ownership groups.
Across all ownerships, the per-acre estimate of annual mortality volume averages
38.1 cubic feet per year on forest land. Mortality on reserved forest land was sub-
stantially higher than unreserved land. Average annual mortality on reserved land
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Figure 12: Average annual per-acre mortality on forest land by two major owner categories and reserved status, Idaho,

2004-2009.

averaged 74.3 cubic feet per acre compared to 30.8 cubic feet per acre on unreserved
forest land. Figure 12 illustrates per-acre estimates of mortality by two major owner
categories and reserved status. National Forest Systems lands classified as reserved
recorded the highest average level of per-acre mortality at 76.2 cubic feet, which is
over seven times higher than the per-acre estimate recorded on unreserved land con-
trolled by private landowners, other Federal agencies, and State agencies.

Figure 13 illustrates per-acre estimates of mortality by reserved status and cause
of death. All trees classified as mortality are assigned a cause of death in the field.
Drawing conclusions from mortality estimates by cause of death should be done with
caution. The actual agent that caused a tree’s death may be difficult, if not impos-
sible, to determine. The cause of death category of “other” includes trees that have
died due to reasons the field crews are unable to determine. Interactions between
insects and diseases are complex and make identification of damaging agents diffi-
cult. Mortality due to fire accounted for the majority (37.9 percent) of total mortality.
Insects were the second leading contributor to mortality, accounting for 26 percent
of total mortality. Disease accounted for 20 percent. There was a very significant
difference in the level of fire-caused per-acre mortality recorded on reserved forest
land (fig. 13).

The high mortality resulted in a very significant reduction in gross growth for
several species and species groups. By ownership, mortality is highest on National
Forest System’s forest land especially forest land classified as reserved. Mountain
pine beetle infestations are likely contributing to much of the lodgepole pine mortal-
ity. Lodgepole pine accounted for 68 percent of the mortality volume determined
to be caused by insects. Trends in lodgepole pine mortality believed to have been
caused by mountain pine beetle are examined in the “Mountain Pine Beetle” section
in the “Issues in Idaho’s Forests” chapter.
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Figure 13: Average annual per-acre mortality on forest land by reserved status and cause of death, Idaho, 2004-2009.

Quality Assurance Analysis

24

FIA employs a Quality Assurance (QA) Program to ensure the quality of all
collected data. The goal of the QA program is to provide a framework to assure
the production of complete, accurate, and unbiased forest information of known
quality. Specific Measurement Quality Objectives (MQO) for precision are de-
signed to provide a performance objective that FIA strives to achieve for every
field measurement. These data quality objectives were developed from knowledge
of measurement processes in forestry and forest ecology, as well as the program
needs of FIA. The practicality of these MQOs, as well as the measurement uncer-
tainty associated with a given field measurement, can be tested by comparing data
from blind check plots. Blind check data are paired observations where, in addition
to the field measurements of the standard FIA crew, a second QA measurement of
the plot is taken by a crew without knowledge of the first crew’s results (Pollard
and others 2006). The QA data for this analysis were collected between 2001 and
2005 and then compared for measurement precision between two independent FIA
crews’ observations. Therefore, for many FIA variables, the data quality is mea-
sured by the repeatability of two independent measurements.

The results of the QA analysis for this reporting period are presented in tables
II and III. Table II describes tolerances for condition-level variables, and table
III describes tree-level variables. Tolerances are the “accepted” range of variabil-
ity between two independent observations, for checking or comparison purposes.
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Each variable and its associated tolerance are followed by the percentage of total
paired records that fall within one, two, three, and four times the tolerance. The
last four columns show the number of times out of the total records the data fell
outside the tolerance. For example, table III shows that there were 2,119 paired
records for the variable “d.b.h.” (diameter at breast height). At the 1X tolerance
level, almost 89 percent of those records fell within plus or minus one-tenth inch
of each other, for each 20.0 inches of d.b.h. observed. This percentage is referred
to as the observed compliance rate. MQOs for each variable consist of two parts,
a compliance standard and a measurement tolerance, and can be compared to the
observed compliance rate to determine that variable’s performance.

The information in tables II and IIl shows variables with varying degrees of
repeatability. For example, one condition-level regional variable that appears fairly
repeatable is “percent bare ground.” At the 1X tolerance level, its observed com-
pliance rate was 96 percent for 92 paired observations that were within plus or
minus 10 percent of each other. In contrast, the compliance rate for “habitat type
1,” which has no tolerance variability, was only 45 percent for the same observa-
tions. Habitat types are an important variable for forest management. Accurate
determination could provide an insight to successional status when combined with
existing vegetation (such as tree numbers, size class, and species by habitat types
or series) thus warranting further investigations into the potential repeatability is-
sues associated with evaluating habitat type.

The tree-level variable “d.b.h.,” as mentioned above, is more repeatable when
compared to the regional variable “tree age,” which has a 1X tolerance compliance
rate of only 12 percent. This is probably due to the difficulty of obtaining accurate
tree ages. Several factors that might affect inconsistent tree ages are (1) tree too
large to reach the center, (2) rings too close or faded to read accurately, and (3)
variation in age estimation when not hitting tree center (pith). Although not much
can be done about the first two situations, QA data can be used to develop better
field procedures for the last, especially for critical variables such as tree age.

As more blind check information becomes available, it might become apparent
that a variable’s MQO needs to be adjusted accordingly to better reflect the realis-
tic expectation of quality for that variable. As a result, MQO’s should be used not
only to assess the reliability of FIA measurements and whether current standards
are being met, but also to provide data collection experts with the information
necessary to improve the current data collection system. This process can improve
repeatability, or lead to elimination of variables that prove to be unrepeatable.

Other Resovurces in ldaho’s Forests

Down Woody Material

Down woody material (DWM) is an important component of forests that great-
ly impacts fire behavior, wildlife habitat, soil stabilization, and carbon sources.
Some examples of DWM are fallen trees, branches, and leaf litter commonly found
within forests in various stages of decay. The main components of DWM include
fine woody debris (FWD), coarse woody debris (CWD), litter, and duff. FWD
comprises the small diameter (1- to 3-inch) fire-related fuel classes (1-hr, 10-hr,
100-hr), and CWD comprises the large diameter (3-inch +) 1000-hr fuels.
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Figure 14: Plot distribution of total DWM
biomass (tons per acre) by FIA survey
unit, Idaho, cycle 2, subcycles 3-6,

2006-2009.
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Nationally, DWM are measured on phase 3 (P3) plots. In 2006, due to the in-
creasing need for more intensive DWM information, IWFIA initiated a phase 2
(P2) DWM inventory in all its annual States. This DWM analysis used regional
P2 protocols (USFS 2006-2009) for data collected from 2006 to 2009. Due to the
presence of snow or other hazardous conditions, not all DWM components were
able to be sampled on all plots. Only plots that sampled all six DWM components
were included.

The random distribution of four annual subcycles of P2 DWM plots is displayed
in figure 14. This shows the total DWM biomass (tons per acre) by FIA survey
unit for 1,553 plot/conditions in Idaho. In general, DWM biomass is highest in the
northern and central parts of the State; this distribution reflects the distribution of
forest types. The northern forest types western larch, western hemlock, and west-
ern redcedar have the highest DWM biomass estimates; while the southern forest
types western juniper, Rocky Mountain juniper, and juniper woodlands have the
lowest.

Table IV shows the mean biomass (tons per acre) by DWM component, num-
ber of sampled plot/conditions, and average elevation for FIA survey units. The
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Table IV—Average elevation and DWM loadings by FIA survey unit with number of plots, Idaho 2006-2009.

Number of FWD FWD FWD
FIA Survey Unit plots Elevation CWD large medium small Duff Litter Total DWM
Northern 741 4,458 7.4 24 0.5 0.2 8.7 31 22.4
Southwestern 327 6,110 5.4 1.7 0.4 0.1 6.2 338 17.7
Southeastern 485 7,164 54 1.6 0.3 0.1 55 2.5 15.5
Totals 1,553 5,651 6.4 2.0 0.4 0.2 72 31 19.2

northern survey unit has the highest mean DWM, at 22.4 tons/acre, and the south-
eastern survey unit has the lowest, at 15.49 tons/acre. The mean DWM for the
entire State is 19.2 tons/acre. Specific DWM components mostly show a similar
pattern, with the southeastern and southwestern units sometimes showing values
similar to one another. The exception is the litter component, where the southwest-
ern survey unit has the highest mean tons/acre. Table V shows the mean biomass
(tons per acre) by DWM component, number of plot/conditions sampled, and aver-
age elevation for forest type groups and forest types. Western larch has the highest
mean DWM at 33.6 tons/acre, and the lowest is 3.7 tons/acre for juniper woodland.
Some of the forest types in this analysis may not be representative due to small
sample sizes.

Table V—Average elevation and DWM loadings by forest type group and forest type. Idaho, 2006-2009.

Forest type group and forest Number of FWD FWD FWD Total
type plots Elevation CWD large medium small Duff Litter DWM
Pinyon-juniper group
Rocky Mountain juniper 4 5,913 1.7 0.9 0.3 0.0 0.9 1.2 5.0
Juniper woodland 15 5,466 0.0 0.1 0.1 0.0 15 1.9 3.7
Total 19 5,560 0.4 0.3 0.2 0.0 1.3 17 3.9
Douglas-fir group
Douglas-fir 447 5,548 4.7 1.9 0.5 0.2 57 24 154
Total 447 5,548 47 1.9 0.5 0.2 57 24 154
Ponderosa pine group
Ponderosa pine 117 4,571 4.2 1.6 0.4 0.1 9.2 6.9 224
Total 117 4,571 42 1.6 0.4 0.1 92 69 224
Western white pine group
Western white pine 3 4,078 6.0 1.1 0.3 0.1 7.2 3.8 18.6
Total 3 4,078 6.0 1.1 0.3 0.1 72 38 186
Fir-spruce-mountain hemlock
group
Engelmann spruce 52 6,505 12.0 1.1 0.3 0.1 8.2 1.9 235
Engelmann spruce-subalpine
fir 44 6,347 10.0 1.6 0.4 0.2 106 24 252
Grand fir 141 4,134 9.0 4.9 0.9 0.3 89 30 268
Subalpine fir 152 6,979 8.6 1.3 0.3 0.1 6.0 1.7 18.0
Mountain hemlock 16 5,584 7.8 1.3 0.5 0.2 3.5 1.1 14.3
Total 405 5,804 9.3 25 0.5 0.2 77 22 224
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Table V—Continued.

Forest type group and forest Number of FWD FWD FWD Total
type plots Elevation CWD large medium small Duff Litter DWM
Lodgepole pine group
Lodgepole pine 177 6,324 7.3 15 0.3 0.1 9.6 3.3 220
Total 177 6,324 7.3 1.5 0.3 0.1 96 33 220
Hemlock-Sitka spruce group
Western hemlock 27 3,435 1.4 3.1 0.6 0.3 148 3.2 334
Western redcedar 48 3,449 14.0 2.2 0.5 0.2 11.8 3.7 324
Total 75 3,444 13.0 25 0.5 0.3 129 35 328
Western larch group
Western larch 25 3,684 7.4 4.0 0.7 0.4 148 6.3 336
Total 25 3,684 7.4 4.0 0.7 0.4 148 6.3 336
Other western softwoods group
Limber pine 8 8,259 5.2 0.6 0.2 0.1 31 20 M.0
Whitebark pine 19 8,951 6.2 0.7 0.2 0.1 27 13 1141
Western juniper 18 5,816 0.8 1.2 0.3 0.1 1.2 2.4 59
Total 45 7,574 3.9 0.9 0.2 0.1 2.1 1.9 9.0
Elm-ash-cottonwood group
Cottonwood 6 3,671 2.8 4.2 0.7 0.1 23 16 11.8
Total 6 3,671 28 4.2 0.7 0.1 23 16 118
Aspen-birch group
Aspen 65 6,446 42 2.1 0.3 0.1 65 49 18.1
Paper birch 3 2,411 1.9 1.9 0.2 0.2 17.6 10.2 319
Total 68 6,268 4.1 2.1 0.3 0.1 70 52 187
Other hardwoods group
Other hardwoods 1 5,456 3.6 5.3 0.5 0.1 42 49 185
Total 1 5,456 3.6 5.3 0.5 0.1 42 49 185

Woodland hardwoods group
Cercocarpus (mountain brush)

woodland 16 6,882 1.1 0.3 0.2 0.1 20 36 7.2
Intermountain maple woodland 13 6,382 0.6 3.2 0.3 0.1 57 46 144
Total 29 6,658 0.9 1.6 0.2 0.1 36 41 105
Nonstocked
Nonstocked 136 6,140 4.2 1.5 0.3 0.1 47 31 139
Total 136 6,140 42 1.5 0.3 0.1 47 31 139
Totals 1,553 5,651 6.4 2.0 0.4 0.2 72 31 192
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Figure 15: Number of plot/conditions by fuel loading model (FLM) class and FIA survey unit, Idaho, 2006-2009.

Fuel loadings by DWM component are essential for predicting fire behavior.
Table V also shows that the duff DWM component has the highest mean fuel load-
ings over all, followed by the CWD component and then the litter component.
Several forest types show some variation from this general trend. Also, fuel load-
ing variation among forest types in the three FWD classes is not as great as in the
CWD, duff, and litter classes.

Surface fuel classifications of duff, litter, FWD, and CWD for estimating fire
effects were compiled from a wide variety of recent fuel sampling projects con-
ducted across the contiguous United States (Lutes and others 2009). For each FIA
plot/condition, fuel loading ranges from these four classes were used to identi-
fy one of 21 potential fuel loading models (FLM) described by Lutes and others
(2009). Figure 15 displays the number of plot/conditions identified by FLM class
for the three survey units in Idaho. This shows that for this DWM dataset all of
the 21 possible FLM’s were identified, and the largest proportion of all the plot/
conditions (377) occurred in the class 11 FLM, followed by classes 21 (300 plot/
conditions) and 31 (287 plot/conditions). Class 11 was the most common FLM for
the southeastern and southwestern survey units; class 31 was the most common
FLM for the northern survey unit. Although these plot classifications are currently
under review, once they are objectively classified they can be used as inputs to
fire effects models to compute smoke emissions, fuel consumption, and carbon
released to the atmosphere.
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Figure 16: Percentage distribution of course woody debris (CWD) pieces (decay class 1-4) by large-end diameter class and
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forest type group, Idaho, cycle 2, subcycles 3-6, 2006-2009.

Structural diversity in terms of CWD diameters and decay classes are impor-
tant criteria for wildlife habitat. IWFIA field crews identify one of five large-end
diameter classes for each P2 CWD piece tallied. This information may be critical
for wildlife species that use large-diameter logs for habitat. Figure 16 displays the
percentage of CWD pieces for decay classes 1 through 4 in each large-end diam-
eter class by forest type. Although they contribute to biomass and carbon pools,
large-end diameter class is not recorded for pieces in decay-class 5 due to their
degree of decomposition. At 9 percent, the other western softwoods forest type
group (consisting of the whitebark pine, limber pine, and western juniper forest
types) has the highest percentage of CWD pieces in the 21.0-inch and greater class,
followed by the ponderosa pine forest type / group at 7 percent, the hemlock/Sitka
spruce forest type group (consisting of the western hemlock and western redcedar
forest types) at 5 percent, and the fir / spruce/ mountain hemlock group (consisting
of the Engelmann spruce, Engelmann spruce / subalpine fire, subalpine fir, grand
fir and mountain hemlock forest types) and nonstocked at 4 percent each. At 15.0
to 20.9 inches large-end diameter, the other western softwoods forest type group
again has the most at 16 percent, followed by the elm / ash / cottonwood group
(with only the cottonwood forest type) at 15 percent, although this percentage is
derived from a relatively small sample (34 CWD pieces on 4 plot/conditions). The
fir / spruce/ mountain hemlock group has 12 percent, and the ponderosa pine forest
type / group had 11 percent of their CWD pieces in the 15.0 to 20.9 inches large-
end diameter class.
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Figure 17: Percentage distribution of course woody debris (CWD) pieces by decay class and forest type group, Idaho,
cycle 2, subcycles 3-6, 2006-2009.

Another consideration other than size is the degree of decay of individual logs.
Decay classes can range from class 1, which are newly fallen trees with no decay,
to class 5, which still resemble a log but often blend into the duff and litter layers.
Figure 17 shows the percentage of CWD pieces by forest type and decay class. In
general, the wetter types have a higher percentage of CWD pieces in the advanced
decomposition classes, while drier types have a lower percentage.

The annual FIA system supports live and standing dead tree inventories but does
not include down dead trees as did some past periodic inventories. The current P3
DWM protocols and estimation procedures (Woodall and Monleon 2008) include
improvements such as population estimation, and are designed to capture some
important aspects that serve as a better surrogate for answering relevant questions
about the various components of down woody materials in forests. However, P3 is
a 1/16th sample of P2, and although it may be adequate at the regional or national
level, it is often inadequate for many DWM applications at the State level.

Although this analysis included only plot-level per acre estimates and analysis,
soon IWFIA will have population estimate capabilities for its regional P2 DWM
database. This will allow analyses of the impacts and implications of expanding
plot level information to the State. For example, table V shows that although the
western larch forest type in Idaho has over twice the total per acre DWM biomass
as the Douglas-fir type, the area of the Douglas-fir type is over 20 times that of
the western larch type (table 3). Once population estimates are factored in, the
Douglas-fir type will likely contain more total DWM biomass and carbon than
many of the types with high per acre estimates in Idaho.
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The Pacific Northwest FIA and IWFIA are jointly investigating a national P2
inventory version of DWM to support a more robust dataset for future fire fuel,
wildlife structure, and carbon assessments. These protocols should be complemen-
tary and compatible with the current regional P2 variations. As estimates of DWM
are improved and refined, along with FIA’s understory vegetation and standing
tree inventory, FIA will be better positioned for addressing estimates of total forest
biomass.

Soil Resovrces in Idaho’s Forests

Organic C (Mg/ ha)

90.000

Soils on the landscape are the product of five interacting soil forming factors.
These are parent material, climate, landscape position (topography), organisms
(vegetation, microbes, other soil organisms), and time (Jenny 1994). Many exter-
nal forces can have a profound influence on forest soil condition and hence forest
health. These include agents of change or disturbances to apparent steady-state
conditions such as shifts in climate, fire, insect and disease activities, land use
activities, and land management actions.

The Soil Indicator of forest health was developed to assess the status and trend
of forest soil resources in the United States across all ecoregions, forest types,
and land ownership categories. For this report, data were analyzed and are being
reported by forest type groups. This forest type stratification not only reflects the
influence of forest vegetation on soil properties, but also the interaction of parent
material, climate, landscape position, and time with forest vegetation and soil or-
ganisms. A complete listing of mean soil properties in Idaho, organized by forest
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Figure 18: Soil organic carbon stocks (Mg/ha) in the forest floor and 0-10 and 10-20 cm soil layers arranged by forest type
groups in ldaho. The forest type groups are arranged left to right in order of increasing latitude, elevation, and precipita-
tion with some overlap among forest types. The juniper group in Idaho includes Rocky Mountain juniper and western

juniper. The spruce/fir group in Idaho includes grand fir, Engelmann spruce, subalpine fir, and mixed Engelmann spruce/
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subalpine fir.
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Figure 19: Soil organic nitrogen stocks (Mg/ha) in the forest floor and 0-10 and 10-20 cm soil layers arranged by forest type
groups in Idaho. The forest types and type groups are arranged left to right in order of increasing latitude, elevation, and
precipitation with some overlap among forest types. The juniper group in Idaho includes Rocky Mountain juniper and
western juniper. The spruce/fir group in Idaho includes grand fir, Engelmann spruce, subalpine fir, and mixed Engelmann
spruce/subalpine fir.

type, can be found in appendix E. These are least-squares means generated by the
SAS GLMMIX data analysis software program. Some plots had a repeat visit so
the data are summarized by visit number (1 or 2) and by forest type. Plots visited
for the first Soil Indicator measurements were sampled in 2000, 2001, 2002, 2004,
2007, and 2008. Only a small subset of plots have been re-visited thus far in 2006,
2007, and 2009 so there is not yet enough data to run a valid repeated measures
analysis. Nevertheless, we report the data for the re-visited plots summarized by
forest type in the Soil Indicator core tables. Some of the key soil properties were
graphed by forest type group in Idaho and are highlighted in the discussion below.

Generally, soil moisture increases with elevation and latitude (associated with
cooler temperatures) and forest types tend to reflect this climatic gradient. When
expressed in terms of megagrams of carbon (C) per hectare of forest area, C stocks
generally increase with elevation and/or soil moisture storage (fig. 19). Soil ni-
trogen (N) stocks in cercocarpus woodland, cottonwood/aspen, and limber pine
forests in Idaho tend to be higher than those in other forest types (fig. 19). The
high soil N under cercocarpus in Idaho is based on only one plot, but these results
are similar to those in Utah (DeBlander and others 2010). High soil N stocks un-
der cottonwood/aspen in Idaho mirror data from Utah and Colorado where higher
amounts of N are stored in aspen-dominated landscapes (DeBlander and others
2010; Thompson and others 2010). The high C and N stocks in limber pine are
from a single plot and may not be representative. This is far too small a sampling
to generalize findings for this forest type across the State as a whole.

Soils in drier areas such as soils under cercocarpus and juniper woodland tend
to be less weathered and have higher amounts of exchangeable base cations such
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Figure 20a: Exchangeable cations (aluminum, sodium, magnesium, potassium, and calcium) in the 0-10 cm soil layer arranged
by forest type groups in Idaho.

as sodium, potassium, magnesium, and calcium (figs. 20a and 20b). Acidic soils,
many of which are found in wetter, higher elevation environments (e.g., spruce/fir)
tend to have lower levels of exchangeable base cations and have measureable lev-
els of exchangeable aluminum. In none of the plots sampled are soil exchangeable
aluminum levels high enough to pose a toxicity risk to tree roots given the ample
supply of exchangeable calcium. Exchangeable base cation concentrations are also
high under cottonwood/aspen forests.

Soil pH in drier calcareous soils tends to be near-neutral to alkaline (fig. 21
top) and such soils are found under cercocarpus woodland in Idaho. The lowest
pH soils are found under lodgepole pine and spruce/fir forests and these tend to
be only moderately acid as a whole in Idaho. Moderately acid soils often have
elevated levels of extractable manganese (fig. 21 middle). Although elevated lev-
els of manganese present some toxicity risk to sensitive species, potentially toxic
levels of extractable manganese have yet to be established for most forest plant
species. In general, only about 3.4 percent of the 0-10 cm forest soil layers in the
Interior West contain extractable Mn levels greater than 100 mg/kg (Amacher and
Perry 2011). In Idaho, most of the forest soils with elevated levels of extractable
Mn are found under spruce/fir (mean extractable Mn = 35 mg/kg in 0-10 cm layer).
The lowest levels of extractable phosphorus by the Olsen method were found in
soils under cercocarpus woodland, whereas the highest levels were found under
cottonwood/aspen (fig. 21 bottom). The lower levels of extractable P in the calcar-
eous soils reflect strong attenuation of plant-available P by the abundant calcium
minerals in these soils.
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Figure 20b: Exchangeable cations (aluminum, sodium, magnesium, potassium, and calcium) in the 10-20 cm soil
layer arranged by forest type groups in Idaho.
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Overall, soils under lodgepole pine in Idaho tended to have the least nitrogen
stocks, the lowest levels of exchangeable bases, and the lowest pH. This probably
reflects the ability of the widely distributed lodgepole species to occupy lower fer-
tility soils, whereas many other species prefer richer deeper soils. Throughout the
Interior West as a whole and in Idaho, aspen, for example, tends to occupy deeper,
richer, wetter soils and is associated with sites with higher nitrogen and potassium
reserves, near-neutral pH levels, and a general absence of exchangeable aluminum
(DeBlander and others 2010).

Snags as Wildlife Habitat

38

Standing dead trees (snags) provide important habitat in the forested ecosys-
tems of Idaho. There are many organisms that utilize snags at some point in their
life history. These include, but are not limited to, bacteria, fungi, insects, rodents,
cavity-nesting birds, bats, raptors, mustelids, and black bears. The height, diam-
eter, and decay status of a standing dead tree are some of the important attributes
for species that use snags as a nesting, roosting, or den site. Individual tree data
collected by FIA field crews allow for population-level analysis of the availability
of individual snags that meet criteria important to wildlife.

Cavity-nesting birds in Idaho are especially dependent on snags for both nest-
ing and foraging activities. There are a handful of bird species that act as primary
excavators of nest sites. These birds create a cavity during one breeding season,
but often abandon it and create a new cavity the following year. The old cavities
are then occupied by secondary nesting birds. Secondary cavity-nesters do not
excavate their own nest sites and are dependent on primary excavators for their
cavities. The suitability of an old cavity for a secondary nester often depends on
the species of primary excavator that created it. Here we present data reflecting the
number of snags in Idaho that are suitable for three important primary excavators.
These birds provide the bulk of cavities for secondary nesters in Idaho. The Hairy
Woodpecker (Picoides villosus), Red-naped Sapsucker (Sphyrapicus nuchalis),
and Northern Flicker (Colaptes auratus) create different sized openings and cavi-
ties and are also relatively abundant and wide spread throughout the different for-
est types of Idaho. Therefore they provide suitable nest sites for a wide variety of
secondary nesting species. The distribution of suitable snags by stand-age is also
presented. Suitability is based on mean tree diameters found to be used by these
birds (Flack 1976; McClelland and others 1979; Dobkin and others 1995; Martin
and others 2004).

There are almost 283 million snags in Idaho that meet the size preferences of
the Hairy Woodpecker (>25cm (9.8 in.) d.b.h). The most abundant tree species
contributing to these bird’s nesting sites are Douglas-fir (80.1 million snags), sub-
alpine fir (59.1 million), and lodgepole pine (53.8 million) (fig. 22). These snags
are predominately found in the Douglas-fir, subalpine fir, and non-stocked forest
types. Nearly 167 million snags meet the diameter preferences of the Red-naped
Sapsucker (>31cm (12.2 in.) d.b.h.). Douglas-fir, subalpine fir and lodgepole pine
again contribute the majority of these snags at 58.6, 31.9, and 20.3 million snags
respectively. The forest types where most of these snags can be found are Douglas-
fir, non-stocked, and subalpine fir. Potential Northern Flicker snags (>35cm
(13.8 in.) d.b.h.) are found in the same forest types as the two aforementioned bird
species. The tree species that comprise most of the suitable snag population for
this species are Douglas-fir (46.6 million), subalpine fir (20.7 million), and grand
fir (10.4 million). The non-stocked forest type often includes areas disturbed by
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Figure 22: Number of snags meeting the preferences of three important cavity-excavating birds by tree species, Idaho,

2004-2009.

wildfire, disease, and insect infestations. These types of stands account for the high
number of snags in this forest type.

Figure 23 shows the distribution of snags >35c¢m (13.8 in.) d.b.h. by stand-age.
These snags are large enough to accommodate all three species of cavity excava-
tors discussed here. For most forest type groups, the largest percentage of suitable
snags for all three birds is found in the 51 to 100 and 101 to 151 age-classes. The
zero age-class holds a large amount of suitable snags due to the large amount
of disturbed forests in the non-stocked forest type. Another notable exception to
the general age-class distribution is the aspen/ birch group. Aspen forests are par-
ticularly important for some primary and secondary nesting birds because of the
relationship of diseased aspen, primary excavators, and secondary nesters (Hart
and Hart 2001). Diseased trees provide a relatively soft substrate for primary ex-
cavators to build their nest cavities in. The secondary nesters then occupy many
of these cavities in subsequent years. Few aspen trees live past 100 years in Idaho.
Almost all (91 percent) snags found in aspen forests are found in the 1 to 50 year
age-class.

Variables other than snag dimensions and numbers need to be considered when
predicting suitable wildlife habitat for forest-dwelling species. Proximity to forest
edge and stand density of live trees is important to many cavity-nesting birds. The
state of decay of a tree and its distance to foraging also plays a role in nest site
suitability. FIA data can address many of these factors and there are current efforts
to build predictive models for these species by using data collected by our crews.
These models can be valuable tools for Federal and State land managers; at least
92 percent of the forests in Idaho containing suitable snags occur on public lands.
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Idaho Timber Harvest and Forest Products

40

The University of Montana Bureau of Business and Economic Research
(BBER), in cooperation with the Interior West Forest Inventory and Analysis
program, conducts periodic censuses of Idaho’s timber processing facilities. The
BBER conducted a statewide census of primary forest products facilities in Idaho
for calendar year 2006 (Brandt and others 2011). This report updates key aspects
of'the 2006 census based on annual assessments and industry outlooks coordinated
by the BBER in conjunction with the University of Idaho Forest Products Program
in the College of Natural Resources.

Primary forest products facilities are firms that process timber into manufac-
tured products such as lumber, and facilities such as pulp and paper mills and par-
ticleboard board plants that use wood fiber residue directly from timber processors.
A total of 97 forest products plants were identified as active in Idaho during 2006,
including 35 sawmills, 24 log home facilities, 16 Post, pole, and log furniture
manufacturers, 12 residue related products facilities, 7 cedar product mills, and 3
plywood/veneer plants.

A strong economy, low interest rates, easy access to credit, and real estate spec-
ulation fostered more than two million U.S. housing starts in 2005 and record an-
nual lumber consumption from 2003 to 2005. The year of the most recent census
of the Idaho’s forest products industry, 2006, was the beginning of what has been
the most extended and severe economic downturn since the Great Depression. U.S.
housing markets in 2006 dropped modestly to 1.8 million starts in 2006, and then
with the onset of an official recession in 2007, the 2008 global financial crisis, and
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further weakening of the U.S. economy in 2009, housing starts fell to a post-World
War II record low of 554,000, improving only to 587,000 in 2010.

With much weaker markets, wood product prices and outputs of Idaho’s wood
and paper products industry fell dramatically. In 2008, 2009, and 2010, virtually
every major mill suffered curtailments and several large and numerous small mills
closed permanently. Idaho mills’ capacity to process timber dropped approximate-
ly 20 percent between 2006 and 2010, to just over one billion board feet, Scribner,
while capacity utilization fell from nearly 80 percent during 2003 to an estimated
55 percent during 2010.

Wood and paper product output value dropped from $2 billion in 2004 to $1.8
billion in 2006 to under $1.5 billion in 2009 and 2010. The trend in lumber pro-
duced and volume of timber harvested in Idaho also reflects the current condition
of the forest products industry. Lumber production, the major output of Idaho’s
industry and the component most impacted by weak housing markets, fell to 1,105
million board feet (MMBF) lumber tally in 2009 and 1,258 MMBF in 2010, the
lowest 2 years on record since WWII (fig. 24).

Timber harvest for 2010 was 830 MMBF (Scribner), up about 10 percent from
2009 and approximately equal to 2008; the annual harvest each year for 2008-2010
were the three lowest harvest totals in Idaho since the second World War (fig. 25).
Timber harvest on private lands accounted for 57 percent of the volume in 2010,
down from 75 percent in 2006, and nearly one-third of Idaho’s total harvest came
from State lands in 2010, up from 18 percent in 2006. The share of harvest from
Federal lands increased from 7 percent in 2006 to 11 percent in 2010. The number
of forest industry workers declined by 4,000 workers since the stronger markets of
mid-decade, dropping from approximately 14,500 to an estimated 10,500 in 2010.
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Figure 24: Idaho lumber production, 1947-2010 (sources: Bureau of Business and Economic Research, The University
of Montana-Missoula; USDA Forest Service Region One, Missoula, Montana; Western Wood Products Association).
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Figure 25: Idaho timber harvest by ownership, Idaho, 1947-2010 (sources: Bureau of Business and Economic Research,

The University of Montana-Missoula; USDA Forest Service Region One, Missoula, Montana).

Issves in Idaho’s Forests

Decline of Whitebark Pine

42

Whitebark pine has become recognized as an important component of high-
elevation ecosystems in western North America. Its periodic crops of large wing-
less seeds provide a major food source for several species of birds and mammals
including the black bear and grizzly bear (Schmidt and McDonald 1990). Wildlife
biologists have noted that for several months after production of a large whitebark
pine cone crop, bears concentrate their feeding on cone caches made by squirrels
and tend to stay away from lower elevation encounters with humans and their ha-
bituations (Kendall 1980). Whitebark pine aids in the protection of watersheds by
stabilizing soil and rock on the harshest sites and by catching and retaining snow-
pack. (Arno and Hoff 1989).

Compared to other conifer species in Idaho, whitebark pine is relatively uncom-
mon. Whitebark pine forest types comprise about 297 thousand acres in Idaho or
about 1.4 percent of total forest area in the State. The number of all live whitebark
pine trees 1.0 inches d.b.h. and larger totals 190 million trees in Idaho or about
2.4 percent of all live trees in the State.

In many areas in the West, whitebark pine stands have experienced heavy mor-
tality (Arno 1986). The principal agents named in the decline are the white pine
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blister rust (Cronartium ribicola), the mountain pine beetle (Dendroctonus pon-
derosae), and forest succession by shade-tolerant trees in the absence of fire.

To address the decline of whitebark pine in Idaho, an analysis of long-term
trends was performed using remeasurement data from permanently established
FIA plots. In the previous periodic inventory of Idaho, which occurred between
1990 and 1997, variable radius plots were the samples used to conduct the field in-
ventory. When the annual inventory began in 2004, IWFIA changed the sampling
design to the fixed-radius national mapped plot design. In addition to the initial
establishment of the mapped plot, field crews were instructed to relocate and re-
measure trees tallied on the previously established variable-radius plot. All trees
measured in the previous inventory (time 1) were accounted for and current status
recorded (live, dead, cut) in the current inventory (time 2). This remeasurement
and accounting for trees on previously established plots provides an accurate mea-
sure of growth, removal, and mortality rates since the status of trees are known at
both points in time. The procedures used to remeasure the previous variable-radius
plot and a description of the plot layout is described in U.S. Forest Service 2011.

Remeasurement of permanent FIA plots can produce estimates of change that
quantify the net change in inventory between two points in time. For this analysis,
mean basal area per acre of whitebark pines 5.0 inches d.b.h. and larger was the
attribute of interest. The following components were generated for the analysis:

* Initial Inventory—Basal area/acre of live whitebark pines 5.0 inches d.b.h. and
larger measured at the previous visit.

* Survivor growth—Change in basal area/acre of live whitebark pine trees 5 inch-
es d.b.h. and larger measured at the previous visit and the basal area/acre of live
whitebark pine trees 5 inches d.b.h. and larger measured at the second visit.

» Ingrowth—Basal area/acre of live whitebark pine trees 5 inches d.b.h. and larg-
er at time of second visit but were less than 5.0 inches d.b.h. at time of previous
visit (trees that grew on to the inventory during the remeasurement period).

* Mortality—Basal area/acre of live whitebark pine trees 5 inches d.b.h. and larg-
er measured at the previous visit that were dead due to natural causes at time of
second visit.

* Removals—Basal area/acre of live whitebark pine trees 5 inches d.b.h. and larg-
er measured at the previous visit that were cut at time of second visit.

* Terminal Inventory—Basal area/acre of live whitebark pines 5.0 inches d.b.h.
and larger measured at the second or current visit.

For this analysis, only remeasured plots where at least one live whitebark pine
5.0 inches d.b.h. and larger measured in the initial inventory qualified as eligible
for this analysis. A total of 50 remeasured plots in Idaho met the criteria. The initial
inventory measurement years ranged from 1990 to 1997. The terminal inventory
measurement years ranged from 2004 to 2009. Plots measured prior to 1993 were
on non-National Forest Systems (NFS) land and those measured after 1992 were
on NFS land. The average interval between plot measurements was 13.5 years.
The procedure used to estimate the basal area per acre for the six components is
described in Beers and Miller (1964).

Mean basal area per acre of whitebark pine for the six change components are
illustrated in figure 26. Mean basal area per acre of whitebark pine in Idaho de-
creased 25 percent or by about 2.3 percent per year. Mortality reduced the estimate
of initial inventory by 32 percent. Mortality rate of whitebark pine averaged 3
percent per year. The leading cause of death of the whitebark pines classified as
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mortality was insects, which accounted for 32 percent of the trees that died during
the remeasurement interval. The second leading cause of death was attributed to
unknown causes at 12 percent. Fire accounted for 11 percent of the whitebark pine
mortality.

These results indicate a very significant decline in live basal area of whitebark
pine. The annual level of mortality is greatly outpacing the combined annual basal
area growth of survivor trees and ingrowth trees. Similar studies conducted in the
early 1970s in western Montana also indicated significant basal area reductions
in whitebark pine due to heavy mortality (Keane and Arno 1993). Figure 27 illus-
trates the numbers of live whitebark pine trees by diameter class. Numbers of 2-
and 4-inch whitebark pines comprise almost 70 percent of all live whitebark pines
in Idaho. The high proportion of sapling-size trees might suggest enough regen-
eration is occurring to offset losses due to mortality in the larger diameter classes.
However, blister rust can cause mortality and top kill in whitebark pine seedlings
and saplings resulting in fewer saplings reaching maturity. Blister rust incidence
is particularly high in northern Idaho (Kegley and others 2011). Whitebark pine
is a slow-growing tree. Depending on site conditions, the tree can attain small to
moderately large size after 250 or more years, but may start producing cones as
early as 70 years old.

This analysis underscores the need to use broad-scale inventory data for moni-
toring trends in whitebark pine. The power to detect significant effects related to
whitebark pine mortality and other parameters of interest will increase substan-
tially with estimates derived from the remeasurement (paired) plots that will be
available as the IWFIA region begins to accumulate data from remeasured plots.
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Aspen Mortality

Aspen is the widest-ranging species in North America. It is present in all States
in the Interior West and occupies a wide elevational range—from 2000 feet in
northern Idaho to 11,700 feet in Colorado. It is also found on a wide range of sites,
and occurs in 26 of the forest types that occur in the Interior West. The species is
intolerant of shade and relatively short-lived, which makes it prone to replace-
ment by conifers through successional change. In the Interior West, it also repro-
duces infrequently by seeding, relying mostly on root sprouting for reproduction.
However, aspen responds well to fire and cutting, and it is able to dominate sites
for many years following severe disturbance. In addition, there is some evidence
that aspen is able to persist in conifer-dominated forests by exploiting gaps in
the canopy that are caused by insects, disease, windthrow, and other smaller-scale
disturbances.

In recent years there has been concern about the future of aspen on the land-
scape, primarily due to the characteristics of aspen and how they relate to changes
in disturbance regimes. The earliest concerns were related to successional change
in the Interior West, where fire suppression has decreased disturbance rates and, as
a result, aspen regeneration rates. In addition, it has been shown that large popula-
tions of herbivores can inhibit aspen regeneration where it occurs spontaneously or
after disturbance (e.g., Hessl and Graumlich 2002). The lack of disturbance allows
conifers to gain dominance where they are present, and in pure aspen stands, con-
sumption of regeneration by ungulates could lead to loss of senescing overstory
trees without replacement. More recent concerns are related to a period of drought
that has an impact on aspen and other forest types (e.g., Shaw and others 2005;
Thompson 2009). Drought appears to have contributed to mortality in many low-
elevation stands (Worrall and others 2008), and in some of these regeneration is
either lacking or suppressed by herbivores.
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Johnson (1994) suggested that the acreage of aspen-dominated stands had de-
clined as much as 46 percent in Arizona since the 1960s, with most of these acres
becoming dominated by mixed conifer forest types. Bartos (2001) suggested that
similar changes—aspen acres decreasing by 61 percent—had occurred in Idaho.
These assessments of “lost” aspen acres were based on the assumption that forested
acres with a minority aspen component were, at one time in the recent past, domi-
nated by aspen in pure or nearly pure stands. This assumption may not be reasonable
because there are many situations where aspen may persist normally as a minor stand
component.

It is not possible to estimate trends in the aspen forests of Idaho with great cer-
tainty because of the differences between the coverage of periodic and annual inven-
tories. However, it is possible to make a limited set of comparisons when looking at
certain characteristics that are indicative of aspen status, such as the proportion of
aspen acreage to total forest acreage, number of acres with only dead aspen present,
and number of acres with aspen reproduction present.

Current inventory data show that there are approximately 708,000 acres of the
aspen forest type in Idaho, as compared to nearly 532,000 acres found during the
previous inventory. When considering all acres where aspen is present, the current
inventory data show that at least one live aspen stem is present on over 1.43 million
acres, while the previous inventory showed live aspen present on just over 1.33 mil-
lion acres.

Statistics on live trees may overlook “relict” aspen stands, and both inventories
show that some stands had only dead aspen present at the time of inventory. The
1990s periodic inventory showed that only dead aspen 1.0 inch diameter and greater
were found on approximately 64,000 acres, or about 4.6 percent of all acres with as-
pen present. The current inventory shows an apparent increase to over 101,000 acres,
or about 6.6 percent of all acres with aspen present. However, when seedling-sized
trees are taken into account the area with only dead aspen decreases substantially,
and there are many more acres where only aspen seedlings (or suckers) are recorded.
Of the plots where aspen is only found as seedlings or suckers, disturbances such
as fire are frequently recorded (see the “Fire in Idaho Forests” section). The actual
trends—whether the marginal aspen presence represents new establishment or fad-
ing remnants—will only be addressed through continuous monitoring.

Another way to compare the previous and current inventories is to normalize data
on a common basis—for example, basal area per acre. During the 1990s periodic
inventory in aspen-dominated stands (aspen forest type), the average basal area per
acre of all aspen (live and standing dead) was just over 60 square feet per acre,
with 49 square feet per acre in live aspen. In the current annual inventory, aspen-
dominated stands averaged less than 42 square feet of live and dead basal aspen area,
with just under 35 square feet per acre of live aspen. The results are similar for all
stands with an aspen component of trees at least 1 inch diameter. Total aspen basal
area in these stands averaged just under 34 square feet of basal area in the periodic
inventory, with about 27 square feet of basal area in live aspen. As with the aspen-
dominated acres, the numbers were lower in the annual inventory: slightly more than
26 square feet per acre of live and dead aspen, and slightly more than 21 square feet
of live aspen. These data suggest that live aspen basal area has fallen approximately
30 percent on a per-acre basis since the periodic inventory. However, it is not yet
possible to tell if this is a real decrease (for example, caused by successional changes
and disturbances) or an apparent increase possibly caused by capturing a high pro-
portion of regenerating aspen acres in the annual inventory that were not captured in
the periodic inventory.
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Figure 28: Estimated 5-year mortality rates of aspen for individual measurement years and average 5-year mortality,

Idaho, 2004-2009.

In contrast with apparent trends in live aspen stocking, mortality rates do not
appear to be increasing in recent years, at least in comparison to the mortality
rates observed during the periodic inventory. Mortality is expressed here as the
proportion of basal area estimated to have died in the 5 years prior to the plot visit.
During the 1990s periodic inventory, mortality was estimated at almost 13 percent
in aspen-dominated stands and almost 14 percent in stands with an aspen compo-
nent. This equates to an average annual mortality of about 2.6 percent. During the
annual inventory, mortality was estimated at almost 5 percent in aspen-dominated
stands and 5 percent in stands with an aspen component. This equates to an aver-
age annual mortality of about 1.0 percent. Because the annual inventory is spatially
unbiased over time, it is possible to look at year-by-year mortality estimates for
possible trends. Figure 28 shows the mortality estimates for annual inventory years
2004-2009. Although the annual trend data might be somewhat noisy due to small
sample size within any given year, it appears that there might have been some el-
evated mortality just prior to the initiation of the annual inventory. During the past
few years of the inventory, mortality rates appear to have settled at relatively low
levels, however, suggesting that mortality rate has not been increasing substan-
tially, and may actually be decreasing.

Comparisons between the mid-1990s periodic inventory results and the current
annual inventory data in Idaho give somewhat conflicting results, so aspen trends
are difficult to interpret at this point in the inventory. Total acreage with aspen
present appears to be somewhat higher than in the 1990s, but the aspen component
appears to have decreased when considered on a basal area per acre basis. Several
disturbance agents, including fire and drought, have apparently reduced aspen bas-
al area. However, there are a substantial number of plots with aspen reproduction
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Movuntain Pine Beetle
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present. On many of these plots there are no large, standing live or dead aspen, so
it is difficult to ascertain whether these plots are capturing re-occupation of the
sites by aspen or expansion of aspen into other forest types. However, continued
monitoring of these plots in the future will tell whether or not the young aspen
reproduction is able to persist.

There have been many studies that have shown aspen to be in decline at local
scales (e.g., Bartos and Campbell 1998; Di Orio and others 2005; Worrall and oth-
ers 2008), while other analyses have shown increased dominance of aspen in some
landscapes (Kulakowski and others 2004). It is not surprising that studies docu-
menting loss are more numerous, because unexplained or unexpectedly high mor-
tality events tend to attract the attention of managers, researchers, and the public.
Because these changes are evident to a wide range of observers, there is a tendency
to extrapolate local conditions to larger areas. Aspen is found in many forest types
with a wide variety of associate tree species, and the characteristics of aspen-dom-
inated stands and stands with aspen as a minor component vary considerably over
the range of the species. This makes generalization difficult. In addition, local or
regional trends may differ from those of the population as a whole, because agents
like drought and fire are not evenly distributed over the landscape. However, with
continued monitoring under the annual inventory system, FIA will be able to as-
sess regional- and population-scale trends in aspen.

High tree mortality rates associated with mountain pine beetle infestations have
become a serious issue in many western forests. Since the primary host of moun-
tain pine beetle is lodgepole pine, and lodgepole pine comprises a significant com-
ponent of many western North American forests, recent epidemics of this insect
have raised significant concerns about the health, stand structure, and composition
of lodgepole pine stands.

The mountain pine beetle is a native insect to western pine forests in North
America and innocuous populations are almost always present in forests. Transition
to epidemic populations is a function of the beetle’s capacity to locate, colonize,
and reproduce within suitable host trees in a weather pattern conducive to overwin-
tering survival, emergence, and dispersal (Carroll and Safranyik 2004). The rea-
sons behind the recent outbreaks have received considerable discussion. Most bark
beetles prefer to invade trees that are in poor physiological condition (Rudinsky
1962). Temperature is known to influence insect outbreaks, especially species such
as the mountain pine beetle (Amman 1973). The effect of global warming is be-
lieved by some researchers to be a contributing factor in the severity of mountain
pine beetle infestations (Logan and others 2003). Another significant factor is the
presence of large areas of lodgepole pine stands comprised of ideal host trees ho-
mogeneous in age, composition, and structure.

Figure 29 illustrates the average annual volume of lodgepole trees killed by
insects by measurement year in Idaho. The estimates in figure 27 illustrate a mov-
ing average trend that accumulates information from successive annual inventory
measurements. The assumption is that most of the lodgepole classified as mortal-
ity and assigned a cause of death of insects is due to the mountain pine beetle. It
is clearly evident that a pronounced upward trend has occurred during the 6 years
of annual inventories in Idaho. As of 2009, the average annual volume of insect-
killed lodgepole pines is 108 million cubic feet, which is double the 54 million
cubic feet recorded in 2004.
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Figure 29: Moving average estimate of average annual volume of lodgepole pine killed by insects by measurement

years, Idaho, 2004-2009.

Phase 2 Damage

The Interior West FIA program has used a regionally defined damage protocol
for most of the periodic and annual inventories since 1981. Throughout this time,
the protocol has remained consistent, with only a few modifications to the damage
categories. Damages are assigned only to live trees, in contrast to mortality agents,
which are only assigned to recently dead trees. Not all damaging agents are poten-
tial mortality agents, so there is only partial overlap in the two agent lists.

FIA currently has 50 damage codes representing a wide range of biotic, abiotic,
and anthropogenic agents. Up to three damage agents may be assigned to a tree.
However, less than a third of damaged trees have more than one agent assigned,
and less than a 25 percent of trees with two damage agents will have a third agent
assigned.

The protocol is based on a threshold system, where damage is only recorded if
it is considered “serious.” Although this is somewhat subjective, the general rules
are that damage should be recorded when it will:

1. Prevent the tree from living to maturity, or surviving 10 more years if already
mature.

2. Prevent the tree from producing marketable products.
3. Reduce (or has seriously reduced) the quality of the tree’s products.

These rules roughly correspond to two main categories of damaging agents.
Agents that are likely to prevent a tree from living to maturity or surviving for 10
years after the inventory date tend to be those related to insects, disease, fire, and
atmospheric effects (drought, flooding, wind, etc.), whereas agents that preclude
or reduce a tree’s merchantability are more likely to be problems with form, such
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as forks, broken tops, or logging scars. The latter group may or may not affected
a tree’s survival. Therefore, not all trees with damages recorded are expected to
die, and some of those with poor merchantability may live to typical upper ages
for their species. A nationally consistent protocol for non-lethal damage to trees is
scheduled to be implemented by the FIA program in 2013. A majority of the dam-
age categories used in the national protocol crosswalk directly with the Interior
West regional categories, ensuring that it will be possible to track trends in damag-
ing agents over time.

Because earlier inventories of Idaho were done under the periodic system and
parts of those inventories were spread over a wide range of years, it is difficult to
compare earlier results to the current annual inventory. In order to keep the data as
comparable as possible, damages are described as proportions of the trees tallied
during the different time periods, that is, they are not expanded to make popula-
tion-scale estimates.

There were 71,137 live trees tallied during the Idaho periodic inventory years
(1981 to 2002), and 51,359 live trees tallied during the first 6 years of annual in-
ventory (2004 to 2009). During the periodic inventories, 37.0 percent of trees were
assigned one damage agent, 7.8 percent had two agents, and 1.2 percent had three.
A smaller proportion of live trees (27.9%) were assigned one damage agent dur-
ing the annual inventory, although the proportions of trees with secondary (7.3%)
and tertiary (1.4%) damage agents were comparable to the periodic inventory pro-
portions. The apparent reduction in the frequency of primary damage was spread
across all major agent categories, with only the insect and fire categories showing
increases (table VI).

Damage agents related to merchantability accounted for the majority of primary
damage agents, with diseases being the second most frequently recorded damage
(table VI). The lower rate of assignment of form damages accounted for about half
of the overall decrease in primary damage agents. The next most frequent damage
category was diseases, with the most frequently recorded agents within this cat-
egory being stem and butt rots, cankers, and dwarf mistletoes. It should be noted
that dwarf mistletoe is recorded for all infected trees using a separate variable,
but only trees with a dwarf mistletoe rating (DMR) (Hawksworth 1977) of 4 to 6
are considered as “serious” for the purpose of damage agent assignment. Notable

Table VI—Distribution of primary damage agents by agent group, Idaho
periodic (1981-2002) and annual (2004-2009) inventories.

Damage agent group (codes) Periodic Annual
Percent
No Damage (0) 63.00 72.10
Insects (10-16) 0.80 1.30
Diseases (20-29) 6.70 4.20
Fire (30-31) 0.40 0.50
Animals (40-48) 0.30 0.20
Atmosphere (50-59) 1.00 0.50
Suppression (61) 1.50 0.20
Form (71-79) 25.90 20.60
Human (80-85) 0.20 0.20
Unknown / Unidentified (70) 0.30 0.20
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damage agents within the insect category were bark beetles (0.45% in periodic and
0.52% in annual) and defoliators (0.09% in periodic and 0.48% in annual). Within
the animal category, the majority of damage was caused by big game (0.13% in
periodic and 0.09% in annual), and within the atmosphere category, the most com-
mon sources of damage were snow (0.31% in periodic and 0.06% in annual) and
frost (0.49% in periodic and 0.32% in annual).

While it is difficult to compare changes in damage rates between periodic and
annual inventories with statistical certainty, it is possible to consider some of the
expected patterns in comparison to the data. For example, it may seem reasonable
that the decreases in form, suppression, and disease damages could be the result of
fuel reduction and other silvicultural activities, which would tend to target trees in
these categories disproportionally. However, this cannot be known with certainty
until remeasurement occurs under the annual inventory system. On the other hand,
the apparent increases in the insect categories of bark beetles and defoliators are
consistent with aerial surveys and other information sources that show these agents
have been on the increase in recent years. Damage from bark beetles shows a mod-
erate increase compared to the known increase in mortality in many conifers (see
the “Issues in Idaho’s Forests” section of this document), but this is not surprising
given that FIA crews are more likely to encounter a bark beetle-infested tree when
it is dead, and not during the brief period when it is live and heavily infested. In the
typical situation, bark beetles would be assigned as the mortality agent of a dead
tree as opposed to the damaging agent of a live tree.

The comparison of damage frequency over time also illustrates a key differ-
ence between periodic and annual inventory data. Periodic data are intended to be
taken together as a whole inventory, even though the plots may be spread out over
several years. During a periodic inventory, it is not uncommon for the plots done
in a given year to be concentrated in a particular part of the State. As a result, there
is geographic bias when measurement years are considered separately. Under an-
nual inventory, the plots are geographically distributed every year and there is no
geographic bias. The end result is that apparent trend within the periodic inventory
may actually be the result of geographic bias. Under annual inventory, any trend
over time may be more reliably interpreted as real. This is apparent when total
damage frequency is plotted by measurement year (fig. 30). Note that the propor-
tion of damaged trees varies widely over the periodic inventory years (1990 to
2002), but remains relatively consistent (but with a slightly declining trend) over
the annual inventory years (2004 to 2009). The variation among periodic years is
likely due to plots being located in areas of relatively high or low damage (e.g.,
recent fires, areas with snow damage, or localized insect outbreaks) in any given
year.

As noted above, assignment of damage does not necessarily imply impending
death of a tree. The types of form damages most frequently recorded—Iean, forks
below or above merchantable top, broken or dead tops, and crook/sweep/taper—
are unlikely to result in mortality, so few of those in the form damage group should
be expected to die. If we assume that the form damage group is considered non-le-
thal and all other agents combined are considered as potentially lethal within a 10-
year window, the numbers are probably within what would be expected for normal
stand development. For example, form-damaged and undamaged trees account for
92.7% of all tally trees. Over a 10-year window this equates to 0.73 percent on an
annual basis, which can easily be accounted for under normal stand dynamics. Of
course, the damaged trees that are expected to die are in addition to the mortality
trees encountered during the most recent plot visits, and mortality is elevated in

USDA Forest Service Resour. Bull. RMRS-RB-14. 2012 51



Proportion of Live Tally Trees with Damage

40.0% -

w
o
o
R

N
a
o
R

N
=
=
&

0
o
S

0.0%

30.0% -

15.0% -

10.0% -

——Percent of Tally Trees with at Least One Damaging Agent

———Average

Periodic Avg

—Annual Avg

R R e R e R T T T A S S S

Measurement Year
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Old Forests

52

many species. This may suggest that damage frequencies are not greatly affected
by elevated mortality rates, because for many agents the transition from “healthy”
to dead may occur relatively quickly. It is possible that elevated mortality could
partly explain the apparent decrease in many agent categories, because the dam-
age variables identify trees that are predisposed to early mortality. Although this is
the underlying assumption, it will not be conclusively demonstrable until annual
remeasurement occurs.

An important aspect in managing for ecologically sustainable and diverse eco-
systems is the maintenance of forest stands representing the full range of forest
succession. The oldest stages of this range are of particular interest to forest man-
agers. Historically, these last stages of forest growth have been difficult to define or
describe. The terminology has included late seral, climax, mature, overmature, and
old growth, among others. Generally, as forests mature, stand structure changes in
ways that are important to ecological and habitat function. Some of the structural
indicators proposed include the size (diameter) and age of the oldest trees, the
number of large old trees per acre, and overall stand density (Green and others
1992; Hamilton 1993; Fiedler and others 2007). Standardized definitions are dif-
ficult because the final structure and age of a given forest stand depends on many
biological and physical components: climate and geology, dominant tree species,
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fire regimes, and others (Kaufmann and others 2007; Vosick and others 2007). The
forest structural indicators used to assess old forests will change with changes in
these components. In addition, the characteristics of old growth can change with
the scale of observation, from patches to stands and landscapes (Kaufmann and
others 2007).

One method of assessing old forests is simply to use the stand age of 150 years
or greater as a surrogate for old forests. Another method uses a minimum density
of trees with individual ages of at least 150 years. These approaches were recently
used in assessing old forests in Utah (DeBlander and others 2010). These same
criteria, as well as a minimum tree diameter and a minimum density (basal area per
acre), were used for this analysis. It should be noted that these criteria are not those
used by any of Idaho’s National Forests to define old forest.

Almost 12 percent (2.5 million acres) of Idaho’s forest land has a stand age of
150 years or older. Figure 31 shows this distribution by forest type. The Douglas-
fir and subalpine fir types have the most acres 150 years and greater based on stand
age, while the highest proportions are found in the limber pine (72%), whitebark
pine (61%), and Engelmann spruce (33%) types. Common types with lower than
average proportions of area with stand age of at least 150 years include lodgepole
pine (5%) and grand fir (4%). The western larch type had not only the least acres
with a stand age of at least 150 years; it also had the smallest proportion of any
type with older stands (2%).

Stand age is generally calculated as the mean age of trees from the stand-size
class that has the plurality of stocking. This tends to diminish the significance of
older trees by averaging tree ages of both old and young trees. Another method
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(types with stand age of 150 years or more), Idaho, 2004-2009.
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of using FIA data for describing stand structure is by calculating the number of
trees per acre that are at least 150 years old, based on sample core trees. Core ages
were adjusted, based on the height of the core, and assigned to other trees of the
same species and diameter class; essentially the same procedure as used in assign-
ing stand age. Area of old forest using thresholds of 10 trees per acre and 5 trees
per acre at least 150 years old were determined in order to illustrate differences
in methods for assessing old forests. In addition, since most sources recommend
minimum stand densities and tree diameters to define old forest, 80 square feet per
acre of total live basal area and 18 inches diameter (d.b.h./d.r.c.) were somewhat
arbitrarily chosen; again to illustrate differences in assessment methods. Area of
old forest meeting this minimum density and with either 5 or 10 trees per acre
meeting both the age (150 years) and diameter (18 inches) thresholds was also de-
termined. The area of forest land meeting four combinations of criteria are shown
by forest type in figure 32.

While an estimated 12 percent (2.5 million acres) of Idaho’s forests are “old”
based on stand age alone, by using a minimum tree age criteria, 24 percent (5.1 mil-
lion acres) of all forest land acreage in Idaho could qualify as old forest at 10 old
trees per acre, and 32 percent at 5 old trees per acre. This increase in acreage is
reflected differently by forest type; notice the very large increase in grand fir com-
pared to the smaller change in Engelmann spruce. One drawback of using only
tree age criteria is that only one or two trees measured on an FIA plot expand to
over five or ten trees per acre. Therefore, very sparse stands with only old trees
may meet these criteria: very unproductive sites, like scree slopes, or seed-tree
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Figure 32: Area of old forest stand structure by forest type and stand age method (types with old forest structure by any

method), Idaho, 2004-2009.
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Fire in Idaho Forests

cuts. This is illustrated by the inclusion of nonstocked stands meeting the tree age
criteria, at both 5 and 10 old trees per acre. If we include a basal area requirement,
along with adding a diameter to the tree age requirement, the sparse stands can be
eliminated.

With all three criteria, 12 percent (2.6 million acres) of Idaho forest land meet
the old forest criteria at 10 large old trees per acre and 19 percent at 5 large old trees
per acre. Although the acreage for 10 large and old trees per acre with at least 80
square feet per acre of basal area of all live trees is similar to the area meeting the
stand age requirement, the overlap between the two is just over 50 percent. That is,
about 1.3 million acres of forest land meet both criteria. Comparing stand age with
the 10 trees per acre age/diameter/basal area criteria by forest type, some types
show little overall difference (Douglas-fir and Engelmann spruce). Other types
have relatively more area meeting the age/diameter/basal area minima (grand fir
and western redcedar), while others have less (whitebark pine and lodgepole pine).
Notice that no acres of the nonstocked forest type meet the age/diameter/basal area
criteria.

The large differences between the area meeting different criteria by forest type
illustrate the need for individual definitions for determining old forest structure.
Some tree species are longer lived, or typically grow larger than others. Life histo-
ries of different species may affect how much area would be expected to be domi-
nated by large, old trees of a given species: a larger proportion of old forest might
be expected in Engelmann spruce than in lodgepole pine, for example.

As discussed in the previous section on Quality Assurance Analysis, tree age is
an important but sometimes difficult variable to collect accurately. This analysis
depended on individual tree ages as well as stand ages, which are derived from
them. An option for future research is that the FIA database could be used to vali-
date or even help to establish surrogate measurements to define old forest structure
in different regions, for different forest types, and under different growth poten-
tial conditions, so that FIA data could be more effectively used to assess various
old forest conditions. Since the surrogates used to categorize old forest structure
can give varying results for different forest types it is important to align size/age
structure definitions with the methods or variables intended for monitoring them.
It is also important that the desired measure for monitoring be able to address the
full range of size/age structural categories included in the definitions, in order that
categories are mutually exclusive and cumulative.

Fire is an important disturbance in Idaho forests. In some forest types, like pon-
derosa pine, fire can maintain open stands and promote grasses and forbs growth
in the understory. For other forest types, such as aspen and lodgepole pine, fire
plays an important role in stand regeneration. In some areas, a century of fire sup-
pression has led to a buildup of fuels and stand density. In these areas there can be
uncharacteristically intense fires. Some areas that are intensely burned may expe-
rience slow regeneration, but others may recover relatively quickly. For example,
the area inside the boundary of the large 1910 fires in Idaho and Montana (Cohen
and Miller 1978; Pyne 2008; Egan 2009) now carries about the same amount of
live tree volume per acre as areas outside the fires, although the mean stand age
is somewhat lower and the volume is generally distributed among smaller trees
(Wilson and others 2010).
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Assessment of fire effects without a complete cycle of FIA data is not straight-
forward. During the period covered by this report there were many fires in Idaho.
Some FIA plots within fire boundaries were measured before the fire occurred in
that area, and some were measured after. As a result, within the perimeter of a large
fire there may be pre- and post-fire data, or a plot within the perimeter of a small
fire may represent only pre-fire conditions. This means that normal data compila-
tion methods cannot be used without introducing some element of temporal bias —
that is, plots measured earlier in the inventory will tend to underestimate the effect
of fire because they might have been affected by fire after they were measured.
These limitations on analysis will be reduced as the current inventory cycle is
completed and remeasurement data are acquired during the next cycle. However,
there are some general analyses that can be conducted with the current data. These
results should be considered preliminary.

We used data from the Monitoring Trends in Burn Severity (MTBS) project,
which is an interagency effort being conducted and maintained by the USDA
Forest Service Remote Sensing Applications Center and the US Geological Survey
National Center for Earth Resources Observation and Science (EROS). The pur-
pose of the MTBS project is to consistently map the burn perimeters and severity
of fires across all lands of the United States. The multi-year project was designed
to “assesses the frequency, extent, and magnitude (size and severity) of all large
wildland fires (includes wildfire, wildland fire use, and prescribed fire) in the con-
terminous United States (CONUS), Alaska, Hawaii, and Puerto Rico for the period
of 1984 through 2010” (Eidenshenk and others 2007). The analysis presented here
is based on burned area perimeters of wildland fires identified by the MTBS pro-
gram between 2003 and 2009 and FIA plot data for 2004-2009.

MTBS data showed 342 fires and fire complexes (hereafter, fires) burned 4.17
million acres in Idaho between 2003 and 2009. The size of these fires ranged from
about 1000 acres (the minimum size mapped by the MTBS project) to nearly
460,000 acres, with an average of 12,183 acres. Forested plots measured during
the same period occurred within the boundaries 74 of the fires. The remaining 268
fires encompassed only non-forested plots, encompassed plots that have not yet
been measured on the current cycle, or the fires did not encompass an FIA plot lo-
cation. Two of the largest fires, the Cascade Complex and the East Zone Complex,
encompassed 31 and 32 measured plots, respectively. In contrast, only one mea-
sured plot was located within the Murphy Complex, which was the largest fire of
the period at 458,542 acres. The average number of forested plots within a sampled
fire boundary was just under three, and about half of the fires that were sampled by
FIA plots encompassed only one plot.

For large fires, a comparison of the estimate of forested acres to the total number
of acres within the MTBS boundaries gives some indication of the proportion of
forest and non-forest acres within the burned area. For example, the occurrence
of a single forested plot within the Murphy complex indicates that the fire was
largely limited to non-forest. In contrast, the plot-based forest acreage estimates
for the Cascade and the East Zone Complexes are 302,000 and 290,000 acres, very
close to the 317,156 and 318,723 acres included, respectively, within the MTBS
boundaries. This indicates that these two large fires primarily affected forest land.
Although the plot-based and MTBS-based acreage estimates for smaller fires can
be similar, it is not appropriate to draw inference about the mixture of forest and
nonforest for small, individual fires. At this point in the inventory, the scaling fac-
tor for a single plot is approximately 10,000 acres, which is larger than most of the
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Idaho FIA Plots and MTBS Fire Perimeters
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Figure 33: FIA plots measured in Idaho,
2004-2009, and fire areas from the
Monitoring Trends in Burn Severity
(MTBS) program, 2003-2009. Pre-fire
plots are those that are located within
a fire perimeter, but were measured
before the fire occurred. Post-fire
plots are those that were measured
at some time after the fire occurred.
Plots identified as non-forest were
either classified as non-forest from
aerial imagery or verified as non-for-
est with a plot visit. Some forest plots
can include multiple forest conditions
or non-forest conditions.
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fires in the MTBS database. As a result, the proportion of burned area in forest vs.
nonforest must be done by aggregating a large number of plots and burned area.
Given that population-scale estimates are difficult to produce with a partial in-
ventory, another way to look at the data is to examine per-acre estimates. There
were 2,482 forested conditions measured in Idaho between 2004 and 2009. Of
these, 2,262 were located outside the MTBS fire boundaries and 220 were located
inside (fig. 33). Of the 220 located inside, 117 were measured prior to the fire in
which they were located and 103 were measured after the fire. Conditions located
outside the burned areas had an average of 119 square feet of basal area per acre in
live and dead trees, with 97 square feet of that in live trees. Conditions within the
burned areas that were measured before the fires occurred averaged 116 square feet
of total basal area per acre and 89 square feet per acre of live trees. While the un-
burned conditions within the fires appear to have slightly less basal area than con-
ditions outside the burned areas, the ratio of live basal area to total basal area (live
+ dead) was similar for both groups (81% and 77% respectively). This would sug-
gest that the burned areas did not have extraordinarily large amounts of standing
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dead trees prior to the fires, but the lower standing basal area might indicate that
the stands were more open or that there was more down wood in these stands.

When comparing within-fire, pre-burn conditions to within-fire, post-burn con-
ditions, it is possible to estimate the proportion of trees killed within burned areas.
Conditions located within fire boundaries and measured after the fires averaged
104 total square feet of basal area per acre, with only 40 square feet of basal area
remaining in live trees. The lower average total basal area found in within-fire,
post-burn conditions as compared to within-fire, pre-burn conditions (104 vs. 116
sq. ft. per acre) is consistent with the expectation that fire would result in some
basal area being consumed and/or falling down. Likewise, the lower ratio of live
to total basal area (39%) is consistent with the expectation that only partial mortal-
ity of trees located within the fire boundaries would occur. If it is assumed that the
pre-burn conditions are representative of the post-burn conditions, then it would
appear that the average fire-caused mortality was about 50 square feet per acre, or
about 55 percent of the pre-fire live basal area.

One of the potential beneficial effects of fire includes the stimulation of as-
pen regeneration. Although there are only about 708,000 acres of the aspen for-
est type in Idaho, approximately 1.5 million acres have some aspen component
(see the “Aspen Mortality” section). Of the 191 conditions measured with some
aspen component, only six were located within MTBS fire boundaries and only
one was measured after the fire had burned. Although this sample is very small, it
suggests that the number of potentially fire-disturbed acres with aspen present is
around 51,000 acres, or about 3.3 percent of all acres with an aspen component.
Converting this figure to an annual rate and assuming that fire will be evenly dis-
tributed over time and area, it implies that it would take approximately 210 years
for all acres with aspen present to be disturbed by fire. This rate may be lower than
would be necessary to maintain aspen across the Idaho landscape, but it will only
be possible to establish long-term trend with continued monitoring.

The analysis in this section should be considered only a first approximation of
fire effects on Idaho forests. Although the results are generally consistent with ex-
pectations, the magnitude of fire-related mortality cannot be stated with precision
at this point in the inventory. However, the data confirm that within fire boundaries
there has been only partial mortality. Additional data and analysis will be required
to determine whether, for example, mortality is more-or-less evenly distributed
among plots within the burned areas or mortality tends to be all-or-none at the plot
scale. Remeasurement data will be necessary to confirm the portions of standing
live and dead trees that are consumed by fire and converted to the down woody
material pool. Also, given the short time period over which the estimate of aspen
stand disturbance has been made, it should be considered with a great deal of cau-
tion. However, future measurements will not only enable analysis of fires effects
on aspen, they will also provide important information on the amount and rate of
recovery in all burned areas over time.

Noxious weeds are invasive species of plants that have been identified and tar-
geted by a state for monitoring, control, and eradication. Many of Idaho’s noxious
plant species can have negative effects on forest communities. Noxious species
can displace native flora, alter fire regimes, reduce diversity in the plant and pol-
linator communities, and generally reduce the diversity and resiliency of forest
ecosystems. FIA field crews record any instance where a noxious weed is found
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Figure 34: Number of forested conditions infested by each State-listed noxious plant, Idaho, 2004-2009.

on a plot that contains a forested condition. This allows the spatial and temporal
extent of these species to be documented as plots are revisited. A total of 2,541
sample conditions were used to assess the occurrence of noxious plants in Idaho.
These samples represent plots that had a forested condition recorded somewhere
within the boundaries of the four subplots.

Sixteen different species were documented on forested plots in Idaho, with one
or more found on 207 (9%) of the sampled plots (fig. 34). Canada thistle (Cirsium
arvence), spotted knapweed (Centaurea biebersteinii), and meadow hawkweed
(Hieracium caespitosum) were the most common species by a large margin. These
three species accounted for 73% of the weed occurrences. It appears that Idaho’s
cottonwood and those types found in the hemlock/ sitka spruce forest type group
are most prone to noxious plant infestation. This may be due to one or more fac-
tors, including soil conditions, accessibility to livestock grazing, road and foot
traffic, and/or high frequency of both natural and man-induced disturbance. The
cottonwood forest type has the highest percentage of its area infested with at least
one noxious species (fig. 35). However, a low sample size (n = 8) needs to be
considered in this instance. Conversely, one of the most abundant forest types in
Idaho, the subalpine fir type, had a smaller proportion of infested locations (0.4%)
than any other group.

Multiple conditions on a plot often indicate transition zones between forest
types and between forest and non-forest conditions. These “edge” areas are often
dynamic in terms of site occupation, utilization, and species composition. This
makes them more susceptible to occupation by noxious plants than the more sta-
ble interior of the stands. Plots in Idaho that had more than one condition (more
than one forest type or a portion of the plot was non-forest) had almost twice the
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Figure 35: Percentage of forest area infested with one or more noxious plant species by forest type, Idaho,

occurrence of noxious species than did those locations where only a single forested
condition represented the entire plot (12% and 7% respectively). Sixteen percent
of all sampled plots in Idaho had multiple conditions

Special Topic—Bridging the Gap Between Periodic and Annval Forest Inventories:
Caveats and Limitations

60

When Idaho’s annual forest inventory began in 2004, a new inventory design
replaced that which was used to produce several periodic inventories that were
summarized in 1990 and 1991 reports, as well as 1997 and 2007 RPA assessments.
The discrepancies between the periodic and annual inventories can be attributed
to inconsistencies in sample design, field methods, and procedures for calculating
statewide forest metrics such as biomass, carbon, and forest land area. The FIA
sample design, plot design, and estimation procedures changed with the imple-
mentation of the annual inventory. Attempts to clarify trends between Idaho’s pe-
riodic and annual inventories show that comparisons of only plots common to
both inventories yield trends that differ from those produced by direct periodic-
to-annual comparisons. For example, figure 36 illustrates the effect of comparing
tree volume estimates from each inventory in its entirety versus comparing only
plots that are common to both inventories. The spatial distributions of both an-
nual and periodic plots are displayed in figures 37a-c. Several reasons why direct
comparisons between periodic and annual inventory data may be misleading are
summarized below.

Sample Design: Spatial and Temporal Consistency—The FIA annual inventory
is based on a spatially systematic grid. Ten percent of all plots in the grid are
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sampled each year, and each year’s 10 percent sample is geographically distributed
across the State; therefore, the annual inventory design is considered to be both
spatially and temporally balanced.

In contrast, the various sample designs for the Idaho periodic inventories were
both spatially and temporally inconsistent. Periodic inventories prior to 1992 did
not include National Forest lands, while beginning in 1993 they consisted almost
exclusively of National Forest lands. The pre-1993 inventory relied on a combi-
nation of field data and aerial photograph interpretation of plots that were mea-
sured during the 1981 Idaho woodland inventory. If no change was observed on
aerial photographs of woodland plots, then the 1981 data were merged with the
data collected during the 1990s field inventory. During the post-1993 inventory,
each National Forest was responsible for conducting its own inventory, and the
inventory methods, sample designs, and the actual inventory year(s) varied among
Forests. For example, large areas of the Payette and Targhee National Forests were
not sampled at all, and thus these areas are under-represented in statewide forest
metrics from this period (figs. 37a,b).

Due to these spatial and temporal inconsistencies in the periodic inventory de-
sign, it is likely that forest metrics from the periodic inventory are neither spatially
representative of the entire State or nor temporally representative of a single point
in time. Direct comparisons with the annual inventory estimates are even more
incongruous and should not be made without accounting for these inconsistencies.

Field Methods: Changes in Definitions and Field Procedures—While there are
many minor differences between the methods used during the periodic and annual
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inventories, there are two major differences that affect how forest land is identi-
fied in the field. The first is the definition of “tree,” which in turn defines canopy
cover and thus forest land. The second is the protocol for defining forest land in
heterogeneous areas.

The field manuals for both periodic and annual inventories in Idaho specify
that tree canopy cover of 5 percent or greater qualifies a condition as forest land.
(Although national manuals prescribe a stocking-based definition, the Idaho forest
inventory has consistently used percent canopy cover as a surrogate for stocking.)
The periodic inventory’s definition of a tree was dependent not only on the species
but also on the growth form at the plot. At each plot, woodland trees were classified
as either “tree form” or “shrub form,” based on their height and crown width. For
example, a woodland species such as Rocky Mountain juniper that was found to be
growing horizontally and under a minimum height threshold would be classified as
“shrub form.” In this example, the “shrub form” junipers would not count toward
the definition of forest land, and an entire stand of “shrub form” junipers would
not be considered forest land. In contrast, the annual inventory’s definition of a tree
is solely determined by its inclusion on a list of species, and growth form is not
considered. Under the annual inventory, the stand of “shrub form” junipers in the
example above would be sampled as forest land provided the tree canopy cover
was 5 percent or greater. Therefore, it is possible that plots that were deemed to be
nonforest land during the periodic inventory would now be sampled as forest land.

The periodic and annual inventories also differ in their treatment of areas with
a mixture of forest and nonforest land, which affects their procedures for estimat-
ing forest area. During most periodic inventories in Idaho, the land class status at
plot center, i.e., forest or nonforest, determined the single land class that would be
assigned to the entire plot. In contrast, annual inventory procedures allow for mul-
tiple land classes on each plot. For example, for plots where the center point was
nonforest but forest land occurs nearby, periodic field procedures stipulated that
the entire plot would be treated as nonforest. Conversely, for plots where the center
point occurred in forest land and portions of the plot were nonforest, the periodic
inventory would treat the entire plot as forest land when producing statewide es-
timates. In contrast, the annual inventory includes field procedures for delineating
condition classes, which allows both forest and nonforest portions of sample plots
to contribute to statewide forest estimates and, therefore, produces more precise
estimates of forest area.

Procedures for Calculating Statewide Estimates—The procedures for calculat-
ing statewide forest metrics have also changed between the periodic and annual
forest inventories. One of these changes pertains to the statistical methods used to
estimate forest land area in specific ownership categories, and another is related to
how those ownership categories are determined for each plot.

Although FIA attempts to obtain data from every plot in the sample grid, not ev-
ery plot is actually sampled. Nonsampled plots are defined as those that cannot be
sampled by a field crew, either because access to the plot location is denied by land
owners or managers, or because the plot is deemed too hazardous to safely survey
due to terrain or other environmental factors. Between 2004 and 2009, about 15
percent of all potentially forested private land plots were not sampled due to denial
of access by private landowners. Less than 3 percent of all field plots, among all
owner classes, were nonsampled for other reasons (i.e., hazardous, denial of access
on non-private lands, etc.). Therefore, nonsampled plots occurred at a higher rate
on private lands than on any other ownership category.
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The inability to sample every plot affects statewide estimates of forest land
area, and the periodic and annual inventories use different statistical methods to
account for nonsampled plots. The periodic inventory relied on area control pro-
cedures, wherein the relative contribution of each sampled plot was weighted with
respect to the total number of acres in each ownership group across the entire State.
Nonsampled plots were not included in estimates of forest area, and the weights
assigned to sampled plots were adjusted accordingly. Under the annual inventory,
the statistical methods for estimating forest area assume that all plots have an equal
chance of being nonsampled (Patterson and others 2012). However, we know this
assumption is not true because nearly all denied-access plots occur on private
lands. In an investigation of the effect that nonsampled plots can have on estimates
of forest land area, Patterson and others (2012) found that a failure to account for
the fact that certain subpopulations have different proportions of nonsampled plots
(e.g., private versus public forest lands) can lead to considerable under-estimation
of forest area in the subpopulations where a relatively high proportion of plots are
nonsampled. They recommended that FIA estimation procedures be revised to ac-
count for different rates of nonsampled plots among subpopulations. FIA’s current
statistical estimation procedures may be underestimating the area of private forest
land in Idaho due to the underlying assumptions about nonsampled plots.

Changes in the methods for determining plot ownership have also confounded
trends in forest land area, as reported by ownership class. During the periodic
inventory, the ownership status of each plot was assigned using 1:100,000 BLM
surface management maps. The annual inventory procedure combines the most
current GIS layers and county plat maps to verify the ownership class assigned to
each plot, and several errors in previous plot ownership attributes have been dis-
covered and corrected using this procedure. In general, previous errors in owner-
ship class assignments were biased against private forest lands.

Implications for Interpreting Long-Term Trends in Volume, Biomass, Carbon,
and Forest Land Area—As mentioned above, the periodic inventory metrics alone
are likely not representative of the State of Idaho as a whole, yet data from the
early 1990s is often used as a baseline and annual inventory data are compared to
this baseline. Figure 36 illustrates the possibility that erroneous conclusions may
be drawn by making such comparisons. The first two bars show mean volume per
acre based on the entire periodic and the entire annual inventory, respectively, and
it appears that the total volume and live volume both decreased substantially. The
third and fourth bars show volume based only on plots that were sampled during
both inventories, for periodic and annual inventories, respectively. Based on this
apples-to-apples comparison, live volume has only slightly decreased and total
volume has increased. Therefore, directly comparing periodic versus annual inven-
tory data produces trends that are either more substantial or in opposition to those
observed by comparing only remeasured plots.

Despite these caveats, scientists and policy-makers often rely on forest inven-
tory data to quantify long-term trends in metrics such as volume, standing for-
est biomass, forest carbon, and forest land area. In their analysis of forest carbon
for the U.S. greenhouse gas inventory, Heath and others (2011) specifically men-
tioned that observed changes in Idaho’s forest carbon since 1990 were likely due
to changes in forest inventory methods. Any future analyses of long-term trends in
forest metrics that utilize Idaho’s periodic forest inventory data should not consist
of direct comparisons of summary statistics, but rather must account for the many
differences in inventory methods described here.
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Conclusions

Idaho’s forests include a variety of tree and understory species, age-classes,
and disturbance dynamics that together create a multitude of complex ecosystems.
These forests provide an abundance of services, including timber products, rec-
reational opportunities, air and water quality, wildlife habitat, and scenic beauty.
The tree species of Idaho are adapted to a wide range of soils, moisture, and to-
pography, from low-elevation juniper woodlands, to wildlife-rich aspen stands
in moisture-trapping snow pockets, to the massive fir and hemlock forests of the
northern mountains.

Most of the forests in Idaho are administered by Federal agencies, primarily
the Forest Service and the Bureau of Land Management. These forests are to be
managed to meet the multiple-use objectives defined in statutes and to provide a
sustained flow of outputs that meet the expectations of an ever-growing public as
well as industries that support Idaho’s rural economies.

As the number of people living in and using Idaho’s forests increases, so does
the challenge of providing a variety of quality experiences and products derived
from the forest. Furthermore, the dynamic nature of Idaho’s forest ecosystems dic-
tates ever-changing conditions and management strategies. Extensive wildfires,
mountain pine beetle infestations, aspen decline, whitebark pine mortality, and
noxious weeds are a few of the factors addressed in this report that currently affect
Idaho’s forests. The issues of the future might be different and it is important to
have the tools to identify potential issues as soon as possible. In addition, the ap-
plication of data for down woody material, understory vegetation, standing dead
trees, damage indicators, and others have only been briefly addressed in this report.
Many of the analyses performed for this report demonstrate both the utility of FIA
data as an analysis tool and the potential for further, more in-depth analysis of a
wide range of topics. Data from FIA’s annualized inventory will continue to pro-
vide valuable information to resource managers and researchers who are interested
in the quantity and condition of resources provided by Idaho’s forests.

Standard Forest Inventory and Analysis Terminology

Average annual mortality—The average annual volume of trees 5.0 inches d.b.h./

d.r.c. and larger that died from natural causes.

Average net annual growth—Average annual net change in volume of trees

5.0 inches d.b.h./d.r.c. and larger in the absence of cutting (average annual gross
growth minus average annual mortality).

Basal area (BA)—The cross-sectional area of a tree stem/bole (trunk) at the point

where diameter is measured, inclusive of bark. BA is calculated for trees 1.0-inch
and larger in diameter, and is expressed in square feet. For timber species, the cal-
culation is based on diameter at breast height (d.b.h.); for woodland species, it is
based on diameter at root collar (d.r.c.).

Biomass—The quantity of wood fiber, for trees 1.0-inch d.b.h./d.r.c. and larger, ex-

pressed in terms of oven-dry weight. It includes above-ground portions of trees:
bole/stem (trunk), bark, and branches. Biomass estimates can be computed for live
and/or dead trees.
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Board-foot volume—A board-foot is a unit of measure indicating the amount of wood
contained in an unfinished board 1-foot wide, 1-foot long, and 1-inch thick. Board-
foot volume is computed for the sawlog portion of a sawtimber-size tree; the sawlog
portion includes the part of the bole on sawtimber-size tree from a 1-foot stump to
a minimum sawlog top of 7-inches diameter outside bark (d.o.b.) for softwoods, or
9-inches d.o.b. for hardwoods. Net board-foot volume is calculated as the gross
board-foot volume in the sawlog portion of a sawtimber-size tree, less deductions
for cull (note: board-foot cull deductions are limited to rotten/missing material and
form defect—referred to as the merchantability factor—board-foot). Board-foot
volume estimates are computed in both Scribner and International Y4-inch rule, and
can be calculated for live and/or dead (standing or down) trees.

Census water—Streams, sloughs, estuaries, canals, and other moving bodies of wa-
ter 200 feet wide and greater, and lakes, reservoirs, ponds, and other permanent
bodies of water 4.5 acres in area and greater.

Coarse woody debris—Down pieces of wood leaning more than 45 degrees from
vertical with a diameter of at least 3.0 inches and a length of at least 3.0 feet.

Condition class—The combination of discrete landscape and forest attributers that
identify, define, and stratify the area associated with a plot. Examples of such
attributes include condition status, forest type, stand origin, stand size, owner
group, and stand density.

Crown class—A classification of trees based on dominance in relation to adjacent
trees in the stand as indicated by crown development and amount of sunlight re-
ceived from above and the sides.

Crown cover (Canopy cover)—The percentage of the ground surface area covered
by a vertical projection of plant crowns. Tree crown cover for a sample site in-
cludes the combined cover of timber and woodland trees 1.0-inch d.b.h./d.r.c. and
larger. Maximum crown cover for a site is 100 percent; overlapping cover is not
double counted.

Cubic-foot volume (merchantable)—A cubic-foot is a unit of measure indicating
the amount of wood contained in a cube 1 by 1 by 1 foot. Cubic-foot volume
is computed for the merchantable portion of timber and woodland species; the
merchantable portion for timber species includes that part of a bole from a 1-foot
stump to a minimum 4-inch top d.o.b, or above the place(s) of diameter measure-
ment for any woodland tree with a single 5.0-inch stem or larger or a cumulative
(calculated) d.r.c. of at least 5.0 inches to the 1.5-inch ends of all branches. Net
cubic-foot volume is calculated as the gross cubic-foot volume in the merchant-
able portion of a tree, less deductions for cull.

Diameter at breast height (d.b.h.)—The diameter of a tree bole/stem (trunk) mea-
sured at breast height (4.5 feet above ground), measured outside the bark. The
point of diameter measurement may vary for abnormally formed trees.

Diameter at root collar (d.r.c.)—The diameter of a tree stem(s) measured at root
collar or at the point nearest the ground line (whichever is higher) that represents
the basal area of the tree, measured outside the bark. For multistemmed trees,
d.r.c. is calculated from an equation that incorporates the individual stem diameter
measurements. The point of diameter measurement may vary for woodland trees
with stems that are abnormally formed. With the exception of seedlings, woodland
stems qualifying for measurement must be at least 1.0-inch in diameter or larger
and at least 1.0-foot in length.
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Diameter class—A grouping of tree diameters (d.b.h. or d.r.c.) into classes of a speci-
fied range. For some diameter classes, the number referenced (e.g., 4", 6", 8") is
designated as the midpoint of an individual class range. For example, if 2-inch
classes are specified (the range for an individual class) and even numbers are ref-
erenced, the 6-inch class would include trees 5.0- to 6.9-inches in diameter.

Diameter outside bark (d.o.b.)—Tree diameter measurement inclusive of the out-
side perimeter of the tree bark. The d.o.b. measurement may be taken at various
points on a tree (e.g., breast height, tree top) or log, and is sometimes estimated.

Field plot/location—A reference to the sample site or plot; an area containing the
field location center (LC) and all sample points. A field location consists of four
subplots and four microplots.

* Subplot—A 1/24-acre fixed-radius area (24-foot horizontal radius) used to
sample trees 5.0-inches d.b.h./d.r.c. and larger and understory vegetation.

* Microplot—A 1/300-acre fixed-radius plot (6.8-foot radius), located at the
center of each subplot, used to inventory seedlings and saplings.

Fixed-radius plot—A circular sample plot of a specified horizontal radius: 1/300 acre
= 6.8-foot radius (microplot); 1/24 acre = 24.0-foot radius (subplot).

Forest industry land—Land owned by a company or an individual(s) operating a
primary wood-processing plant.

Forest land—Land that has at least 10 percent cover of live tally tree species of any
size, or land formerly having such tree cover, and not currently developed for a non-
forest use. The minimum area for classification as forest land is one acre. Roadside,
stream-side, and shelterbelt strips of trees must be at least 120 feet wide to qualify
as forest land. Unimproved roads and trails, streams and other bodies of water, or
natural clearings in forested areas are classified as forest, if less than 120 feet in
width or one acre in size. Grazed woodlands, reverting fields, and pastures that are
not actively maintained are included if above qualifications are satisfied.

Forest type—A classification of forest land based on the species forming a plurality
of live-tree stocking.

Gross growth—The annual increase in volume of trees 5.0 inches d.b.h. and larger
in absence of cutting and mortality. Gross growth includes survivor growth, in-
growth, growth on ingrowth, growth on removals before removal, and growth on
mortality prior to death.

Growing-stock trees—A live timber species, 5.0-inches d.b.h. or larger, with less
than 2/3 (67 percent) of the merchantable volume cull, and containing at least one
solid 8-foot section, now or prospectively, reasonably free of form defect, on the
merchantable portion of the tree.

Growing-stock volume—the cubic-foot volume of sound wood in growing-stock
trees at least 5.0 inches d.b.h. from a 1-foot stump to a minimum 4-inch top d.o.b.
to the central stem.

Hardwoods—Dicotyledonous trees, usually broadleaf and deciduous.

Hexagonal grid (Hex)—A hexagonal grid formed from equilateral triangles for the
purpose of tessellating the FIA inventory sample. Each hexagon in the base grid
has an area of 5,937 acres (2,403.6 ha) and contains one inventory plot. The base
grid can be subdivided into smaller hexagons to intensify the sample.

USDA Forest Service Resour. Bull. RMRS-RB-14. 2012 67



68

Indian Trust lands—American Indian lands held in fee, or trust, by the Federal
Government, but administered for tribal groups or as individual trust allotments.

Land use—The classification of a land condition by use or type.

Litter—The uppermost layer of organic debris on a forest floor; that is, essentially
the freshly fallen, or only slightly decomposed material, mainly foliage, but also
bark fragments, twigs, flowers, fruits, and so forth. Humus is the organic layer,
unrecognizable as to origin, immediately beneath the litter layer from which it is
derived. Litter and humus together are often termed duff.

Logging residue/products—
* Bolt—A short piece of pulpwood; a short log.
* Industrial wood—AlIl commercial roundwood products, excluding fuelwood.

* Logging residue—The unused sections within the merchantable portions of
sound (growing-stock) trees cut or killed during logging operations.

* Mill or plant residue—Wood material from mills or other primary manufac-
turing plants that is not used for the mill’s or plant’s primary products. Mill
or plant residue includes bark, slabs, edgings, trimmings, miscuts, sawdust,
and shavings. Much of the mill and plant residue is used as fuel and as the
raw material for such products as pulp, palletized fuel, fiberwood, mulch,
and animal bedding. Mill or plant residue includes bark and the following
components:

* Coarse residue—Wood material suitable for chipping, such as slabs, edgings,
and trim.

* Fine residue—Wood material unsuitable for chipping, such as sawdust and
shavings.

* Pulpwood—Roundwood, whole-tree chips, or wood residues that are used for
the production of wood pulp.

* Roundwood—Logs, bolts, or other round sections cut from trees.

Mapped-plot design—A sampling technique that identifies (maps) and separately
classifies distinct “conditions” on the field location sample area. Each condition
must meet minimum size requirements. At the most basic level, condition class
delineations include forest land, nonforest land, and water. Forest land conditions
can be further subdivided into separate condition classes if there are distinct varia-
tions in forest type, stand-size class, stand origin, and stand density, given that each
distinct area meets minimum size requirements.

Merchantable portion—For trees measured at d.b.h. and 5.0-inches d.b.h. and larg-
er, the merchantable portion (or “merchantable bole”) includes the part of the tree
bole from a 1-foot stump to a 4.0-inch top (d.o.b.). For trees measured at d.r.c.,
the merchantable portion includes all qualifying segments above the place(s) of
diameter measurement for any tree with a single 5.0-inch stem or larger or a cumu-
lative (calculated) d.r.c. of at least 5.0 inches to the 1.5-inch ends of all branches;
sections below the place(s) of diameter measurement are not included. Qualifying
segments are stems or branches that are a minimum of 1 foot in length and at least
1.0 inch in diameter; portions of stems or branches smaller than 1.0 inch in diam-
eter, such as branch tips, are not included in the merchantable portion of the tree.

Miscellaneous Federal lands—Public lands administered by Federal agencies other
than the Forest Service, U.S. Department of Agriculture, or the Bureau of Land
Management, U.S. Department of the Interior.
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Mortality tree—All standing or down dead trees 5.0-inches d.b.h./d.r.c. and larger
that were alive within the previous 5 years.

National Forest System (NFS) lands—Public lands administered by the Forest
Service, U.S. Department of Agriculture, such as National Forests, National
Grasslands, and some National Recreation Areas.

National Park lands—Public lands administered by the Park Service, U.S.
Department of the Interior, such as National Parks, National Monuments, National
Historic Sites (such as National Memorials and National Battlefields), and some
National Recreation Areas.

Noncensus water—Portions of rivers, streams, sloughs, estuaries, and canals that are
30 to 200 feet wide and at least 1 acre in size; and lakes, reservoirs, and ponds 1 to
4.5 acres in size. Portions of rivers and streams not meeting the criteria for census
water, but at least 30 feet wide and 1 acre in size, are considered noncensus water.
Portions of braided streams not meeting the criteria for census water, but at least
30 feet in width and 1 acre in size, and more than 50 percent water at normal high-
water level are also considered noncensus water.

Nonforest land—Land that does not support, or has never supported, forests, and
lands formerly forested where tree regeneration is precluded by development for
other uses. Includes areas used for crops, improved pasture, residential areas,
city parks, improved roads of any width and adjoining rights-of-way, power line
clearings of any width, and noncensus water. If intermingled in forest areas, unim-
proved roads and nonforest strips must be more than 120 feet wide, and clearings,
etc., more than 1 acre in size, to qualify as nonforest land.

Nonindustrial private lands—Privately owned land excluding forest industry land.

Unreserved forest land—Forest land not withdrawn from management for produc-
tion of wood products through statute or administrative designation.

Other private lands—Privately owned lands other than forest industry or Indian
Trust.

Other public lands—Public lands administered by agencies other than the Forest
Service, U.S. Department of Agriculture. Includes lands administered by other
Federal, State, county, and local government agencies, including lands leased by
these agencies for more than 50 years.

Other wooded land—Land that has 5 to 10 percent cover of live tally tree species
of any size, or land formerly having such tree cover, and not currently developed
for a nonforest use. The minimum area for classification as forest land is one acre.
Roadside, stream-side, and shelterbelt strips of trees must be at least 120 feet wide
to qualify as forest land. Unimproved roads and trails, streams and other bodies of
water, or natural clearings in forested areas are classified as forest, if less than 120
feet wide or one acre in size. Grazed woodlands, reverting fields, and pastures that
are not actively maintained are included if above qualifications are satisfied.

Poletimber-size trees—For trees measured at d.b.h, softwoods 5.0 to 8.9 inches
d.b.h. and hardwoods 5.0 to 10.9 inches d.b.h. For trees measured at d.r.c., all live
trees 5.0 to 8.9 inches d.r.c.

Primary wood-processing plants—An industrial plant that processes roundwood
products, such as sawlogs, pulpwood bolts, or veneer logs.

Productive forest land—~Forest land capable of producing 20 cubic feet per acre per
year of wood from trees classified as a timber species (see Appendix A) on forest
land classified as a timber forest type (see Appendix B).
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Productivity—The potential yield capability of a stand calculated as a function of
site index (expressed in terms of cubic-foot growth per acre per year at age of
culmination of MAI). Productivity values for forest land provide an indication of
biological potential. Timberland stands are classified by the potential net annual
growth attainable in fully stocked natural stands. For FIA reporting, Productivity
Class is a variable that groups stand productivity values into categories of a speci-
fied range. Productivity is sometimes referred to as “Yield” or “Mean annual
increment (MAI).”

Removals—The net volume of sound (growing-stock) trees removed from the inven-
tory by harvesting or other cultural operations (such as timber-stand improvement),
by land clearing, or by changes in land use (such as a shift to wilderness).

Reserved land—Land withdrawn from management for production of wood prod-
ucts through statute or administrative designation; examples include Wilderness
areas and National Parks and Monuments.

Sampling error—A statistical term used to describe the accuracy of the inventory
estimates. Expressed on a percentage basis in order to enable comparisons between
the precision of different estimates, sampling errors are computed by dividing the
estimate into the square root of its variance.

Sapling—A live tree 1.0-4.9-inches d.b.h./d.r.c.

Sawlog portion—The part of the bole of sawtimber-size trees between a 1-foot
stump and the sawlog top.

Sawlog top—The point on the bole of sawtimber-size trees above which a sawlog
cannot be produced. The minimum sawlog top is 7 inches d.o.b. for softwoods, and
9 inches d.o.b. for hardwoods.

Sawtimber-size trees—Softwoods 9.0 inches d.b.h. and larger and hardwoods
11.0 inches and larger.

Sawtimber volume—The growing-stock volume in the saw-log portion of sawtimber-
size trees in board feet.

Seedlings—Live trees less than 1.0 inch d.b.h./d.r.c.

Site index—A measure of forest productivity for a timberland tree/stand. Expressed
in terms of the expected height (in feet) of trees on the site at an index age of 50
(or 80 years for aspen and cottonwood). Calculated from height-to-age equations.

Site tree—A tree used to provide an index of site quality. Timber species selected for
site index calculations must meet specified criteria with regards to age, diameter,
crown class, and damage.

Snag—A standing-dead tree.

Softwood trees—Coniferous trees, usually evergreen, having needle- or scale-like
leaves.

Stand—A community of trees that can be distinguished from adjacent communities
due to similarities and uniformity in tree and site characteristics, such as age-class
distribution, species composition, spatial arrangement, structure, etc.

Stand density—A relative measure that quantifies the relationship between trees per
acre, stand basal area, average stand diameter, and stocking of a forested stand.

Stand density index (SDI)—A widely used measure developed by Reineke (1933),
and is an index that expresses relative stand density based on a comparison of
measured stand values with some standard condition; relative stand density is the
ratio, proportion, or percent of absolute stand density to a reference level defined
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by some standard level of competition. For FIA reporting, the SDI for a site is usu-
ally presented as a percentage of the maximum SDI for the forest type. Site SDI
values are sometimes grouped into SDI classes of a specified percentage range.
Maximum SDI values vary by species and region.

Standing tree—To qualify as a standing dead tally tree, dead trees must be at least
5.0 inches in diameter, have a bole that has an unbroken actual length of at least 4.5
feet, and lean less than 45 degrees from vertical as measured from the base of the
tree to 4.5 feet. Portions of boles on dead trees that are separated greater than 50
percent (either above or below 4.5 feet), are considered severed and are included
in Down Woody Material (DWM) if they otherwise meet DWM tally criteria. For
western woodland species with multiple stems, a tree is considered down if more
than 2/3 of the volume is no longer attached or upright; do not consider cut and
removed volume. For western woodland species with single stems to qualify as a
standing dead tally tree, dead trees must be at least 5.0 inches in diameter, be at
least 1.0 foot in unbroken actual length, and lean less than 45 degrees from vertical.

Stand-size class—A classification of forest land based on the predominant diameter
size of live trees presently forming the plurality of live-tree stocking. Classes are
defined as follows:

» Sawtimber stand (Large-tree stand)—A stand at least 10 percent stocked
with live trees, in which half or more of the total stocking is from live trees
5.0-inches or larger in diameter, and with sawtimber (large tree) stocking
equal to or greater than poletimber (medium tree) stocking.

* Poletimber stand (Medium-tree stand)—A stand at least 10 percent stocked
with live trees, in which half or more of the total stocking is from live trees
5.0-inches or larger in diameter, and with poletimber (medium tree) stocking
exceeding sawtimber (large tree) stocking.

* Sapling/seedling stand—A stand at least 10 percent stocked with live trees, in
which half or more of the total stocking is from live trees less than 5.0-inches
in diameter.

* Nonstocked stand—A formerly stocked stand that currently has less than
10 percent stocking, but has the potential to again become 10 percent stocked.
For example, recently harvested, burned, or windthrow-damaged areas.

Stockability (Stockability factor)—An estimate of the stocking potential of a given
site; for example, a stockability factor of 0.8 for a given site indicates that the site
is capable of supporting only about 80 percent of “normal” stocking as indicated
by yield tables. Stockability factors (maximum site value of 1.0) are assigned to
sites based on habitat type/plant associations.

Stocking—An expression of the extent to which growing space is effectively utilized
by live trees.

Timber species—Tally tree species traditionally used for industrial wood products.
These include all species of conifers, except pinyon and juniper. Timber species
are measured at d.b.h.

Timber stand improvement—A term comprising all intermediate cuttings or treat-
ments, such as thinning, pruning, release cutting, girdling, weeding, or poisoning,
made to improve the composition, health, and growth of the remaining trees in the
stand.

Timberland—Unreserved forest land capable of producing 20 cubic feet per acre per
year of wood from trees classified as a timber species (see Appendix A) on forest
land designated as a timber forest type (see Appendix B)..

USDA Forest Service Resour. Bull. RMRS-RB-14. 2012 71



Unproductive forest land—Forest land not capable of producing 20 cubic feet per
acre per year of wood from trees classified as a timber species (see Appendix A)
on forest land designated as a timber forest type and all forest lands designated as
a woodland forest type (see Appendix B).

Wilderness area—An area of undeveloped land currently included in the Wilderness
System, managed to preserve its natural conditions and retain its primeval charac-
ter and influence.

Woodland species—Tally tree species that are not usually converted into industrial
wood products. Common uses of woodland trees are fuelwood, fenceposts, and
Christmas trees. These species include pinyon, juniper (except Western juniper),
mesquite, locust, mountain-mahogany (Cercocarpus spp.), Rocky Mountain ma-
ple, bigtooth maple, desert ironwood, and most oaks (note: Bur oak and Chinkapin
oak are classified as timber species). Because most woodland trees are extremely
variable in form, diameter is measured at d.r.c.

Note: For the FIA national glossary please go to:
http://socrates.lv-hrc.nevada.edu/fia/ab/issues/pending/glossary.html.
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Appendix A: Species Group, Common Name, Scientific Name, and
Timber (T) or Woodland (W) Designhation for Trees Measvured in Ida-
ho’s Annval Inventory.

Cottonwood and aspen

Black cottonwood (Populus balsamifera ssp. trichocarpa) T

Narrowleaf cottonwood (Populus angustifolia) T

Quaking aspen (Populus tremuloides) T
Douglas-fir

Douglas-fir (Pseudotsuga menziesii) T
Engelmann and other spruces

Engelmann spruce (Picea engelmannii) T
Lodgepole pine

Lodgepole pine (Pinus contorta) T
Other western hardwoods

Paper birch (Betula papyrifera) T

Water birch (Betula occidentalis) T
Other western softwoods

Limber pine (Pinus flexilis) T

Mountain hemlock (73uga mertensiana) T

Pacific yew (Taxus brevifolia) T

Subalpine larch (Larix lyallii) T

Whitebark pine (Pinus albicaulis) T
Ponderosa and Jeffrey pines

Ponderosa pine (Pinus ponderosa) T
Red alder

Red alder (Alnus rubra) T
True fir

Grand fir (4bies grandis) T

Subalpine fir (4bies lasiocarpa) T
Western hemlock

Western hemlock (T3uga heterophylla) T
Western larch

Western larch (Larix occidentalis) T
Western redcedar

Western redcedar (Thuja plicata) T
Western white pine

Western white pine (Pinus monticola) T
Western woodland hardwoods

Bigtooth maple (Acer grandidentatum) W

Curlleaf mountain-mahogany (Cercocarpus ledifolius) W
Western woodland softwoods

Rocky Mountain juniper (Juniperus scopulorum) W

Singleleaf pinyon (Pinus monophylla) W

Western juniper (Juniperus occidentalis) W

Utah juniper (Juniperus osteosperma) W
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Appendix B: Forest Type Groups, Forest Type Names, and Timber (T)

or Woodland (W) Designation for Forest Type.

Alder-maple group
Red alder T
Aspen-birch group
Aspen T
Paper birch T
Douglas-fir group
Douglas-fir T
Elm-ash-cottonwood group
Cottonwood T
Fir-spruce-mountain hemlock group
Engelmann spruce T
Engelmann spruce-subalpine fir T
Grand fir T
Mountain hemlock T
Subalpine fir T
Hemlock-Sitka spruce group
Western hemlock T
Western redcedar T
Lodgepole pine group
Lodgepole pine T
Nonstocked
Nonstocked (only as stand-size class) T or W
Other hardwoods group
Other hardwoods W
Other western softwoods group
Limber pine T
Whitebark pine T
Western juniper W
Pinyon-juniper group
Juniper woodland W
Pinyon-juniper woodland W
Rocky Mountain juniper W
Ponderosa pine group
Ponderosa pine T
Western white pine group
Western white pine T
Western larch group
Western larch T
Woodland hardwoods group
Cercocarpus (mountain brush) woodland W
Intermountain maple woodland W
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Appendix C: Volume, Biomass, and Site Index Equation Sovurces.

Volume

Chojnacky (1985) was used for curlleaf mountain-mahogany volume
estimation.

Chojnacky (1994) was used for Rocky Mountain juniper and Utah juniper
volume estimation.

Kemp (1956) was used for black cottonwood, Engelmann spruce, mountain
hemlock, narrowleaf cottonwood, paper birch, plains cottonwood, quak-
ing aspen, red alder, subalpine fir, water birch, western hemlock, and
western redcedar volume estimation.

Volume equations provided by the USDA Forest Service’s Northern
Research Station were used for American elm, boxelder, and green ash
volume estimation. [Documentation on file at Rocky Mountain Research
Station, Ogden, UT.]

Biomass

Chojnacky (1984) was used for curlleaf mountain mahogany biomass
estimation.

Chojnacky and Moisen (1993) was used for Rocky Mountain juniper and
Utah juniper biomass estimation.

Van Hooser and Chojnacky (1983) was used for all timber (T) species bio-
mass estimation.

Site Index

Brickell (1970) was used for Douglas-fir, Engelmann spruce, limber pine,
lodgepole pine, Pacific yew, ponderosa pine, and subalpine fir, subalpine
larch, western larch, western white pine, and whitebark pine site index
estimation.

Edminster and others (1985) was used for American elm, black cottonwood,
boxelder, green ash, narrowleaf cottonwood, paper birch, plains cotton-
wood, quaking aspen, red alder, and water birch site index estimation.

Stage (1966, 1969) was used for grand fir site index estimation. [Original
equations were reformulated by J. Shaw; documentation on file at Rocky
Mountain Research Station, Ogden, UT.]

Equations from RMSTAND (USDA 1993) were used for mountain hem-
lock, western hemlock, and western redcedar site index estimation.

Stage (1966, 1969) was used for white fir site index estimation. [Original
equations were reformulated by J. Shaw; documentation on file at U.S.
Department of Agriculture, Forest Service, Rocky Mountain Research
Station, Inventory Monitoring, Ogden, UT.]
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Appendix D: Standard Reporting Tables.

Table 1: Percentage of area by land status.

Table 2: Area of accessible forest land by owner class and forest land status.

Table 3: Area of accessible forest land by forest type group and productivity class.

Table 4: Area of accessible forest land by forest type group, ownership group, and land status.

Table 5: Area of accessible forest land by forest type group and stand-size class.

Table 6: Area of accessible forest land by forest type group and stand-age class.

Table 7: Area of accessible forest land by forest type group and stand origin.

Table 8: Area of forest land by forest type group and primary disturbance class.

Table 9: Area of timberland by forest type group and stand-size class.

Table 10: Number of live trees on forest land by species group and diameter class.

Table 11: Number of growing stock trees on timberland by species group and diameter class.

Table 12: Net volume of all live trees by owner class and forest land status.

Table 13: Net volume of all live trees on forest land by forest type group and stand-size class.

Table 14: Net volume of all live trees on forest land by species group and ownership group.

Table 15: Net volume of all live trees on forest land by species group and diameter class.

Table 16: Net volume of all live trees on forest land by forest type group and stand origin.

Table 17: Net volume of growing stock trees on timberland by species group and diameter class.

Table 18: Net volume of growing stock trees on timberland by species group and ownership group.

Table 19: Net volume of sawtimber trees (International 1/4 inch rule) on timberland by species group and
diameter class.

Table 20: Net volume of sawtimber trees on timberland by species group and ownership group.

Table 21: Average annual net growth of all live trees by owner class and forest land status.

Table 22: Average annual net growth of all live trees on forest land by forest type group and stand-size class.

Table 23: Average annual net growth of all live trees on forest land by species group and ownership group.

Table 24: Average annual net growth of growing stock trees on timberland by species group and ownership group.

Table 25: Average annual mortality of all live trees by owner class and forest land status.

Table 26: Average annual mortality of all live trees on forest land by forest type group and stand-size class.

Table 27: Average annual mortality of all live trees on forest land by species group and ownership group.

Table 28: Average annual mortality of growing stock trees on timberland by species group and ownership group.

Table 29a: Aboveground dry weight (regional equation method) of all live trees by owner class and forest land
status.

Table 29b: Aboveground dry weight (component ratio method) of all live trees by owner class and forest land
status.

Table 30a: Aboveground dry weight (regional equation method) of all live trees on forest land by species group
and diameter class.

Table 30b: Aboveground dry weight (component ratio method) of all live trees on forest land by species group and
diameter class.

Table 31: Area of accessible forest land by Forest Survey Unit, county and forest land status.

Table 32: Area of accessible forest land by Forest Survey Unit, county, ownership group and forest land status.

Table 33: Area of timberland by Forest Survey Unit, county and stand-size class.

Table 34: Area of timberland by Forest Survey Unit, county and stocking class.

Table 35: Net volume of growing stock and sawtimber (International 1/4 inch rule) on timberland by Forest
Survey Unit, county, and major species group.

Table 36: Average annual net growth of growing stock and sawtimber (International 1/4 inch rule) on timberland
by Forest Survey Unit, county, and major species group.

Table 37: Sampling errors by Forest Survey Unit and county for area of timberland, volume, average annual net
growth, average annual removals, and average annual mortality on timberland.
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Table 1—Percentage of area by land status, Idaho, cycle 2, 2004-2009.

Land status Percentage of area

Accessible forest land
Unreserved forest land

Timberland 29.9
Unproductive 2.2
Total unreserved forest land 32.1
Reserved forest land
Productive 6.2
Unproductive 0.2
Total reserved forest land 6.3
All accessible forest land 384
Nonforest and other land
Nonforest land 58.0
Water
Census 1.1
Non-Census 0.1
All nonforest and other land 59.1
Nonsampled land
Access denied 1.2
Hazardous conditions 1.0
Other 0.2
All land 100.0
Total area (thousands of acres) 53,485

All table cells without observations in the inventory sample are indicated
by --. Table value of 0.0 indicates the percentage rounds to less than 0.1
percent. Columns and rows may not add to their totals due to rounding.
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Table 7—Area of accessible forest land by forest type group and stand origin, Idaho, cycle 2, 2004-2009.
(In thousand acres).

Stand origin

Natural Artificial

Forest-type group stands regeneration
Pinyon / juniper group 306.5 -- 306.5
Douglas-fir group 6,237.3 51.2 6,288.5
Ponderosa pine group 1,482.0 108.2 1,590.2
Western white pine group 55.1 -- 55.1
Fir / spruce / mountain hemlock group 5,995.4 20.5 6,015.9
Lodgepole pine group 2,436.6 19.2 2,455.8
Hemlock / Sitka spruce group 887.5 -- 887.5
Western larch group 268.2 11.1 279.3
Other western softwoods group 655.9 -- 655.9
Elm / ash / cottonwood group 73.0 -- 73.0
Aspen / birch group 784.2 10.3 794.5
Alder / maple group 6.8 -- 6.8
Other hardwoods group 2.8 -- 2.8
Woodland hardwoods group 279.0 -- 279.0
Nonstocked 1,689.5 9.4 1,698.9
All forest-type groups 21,159.8 229.8 21,389.6

All table cells without observations in the inventory sample are indicated by --. Table value of 0.0 indicates the
acres round to less than 0.1 thousand acres. Columns and rows may not add to their totals due to rounding.
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Table 16—Net volume of all live trees on forest land by forest type group and stand origin, Idaho, cycle
2, 2004-2009.
(In million cubic feet).

Stand origin

Natural Artificial All forest
Forest-type group stands regeneration land

Pinyon / juniper group 170.3 -- 170.3
Douglas-fir group 15,148.2 31.0 15,179.2
Ponderosa pine group 3,071.1 58.5 3,129.7
Western white pine group 112.5 -- 112.5
Fir / spruce / mountain hemlock group 17,265.0 0.5 17,265.6
Lodgepole pine group 4,579.9 6.3 4,586.2
Hemlock / Sitka spruce group 4,244.7 - 4,244.7
Western larch group 863.1 2.1 865.2
Other western softwoods group 544.6 -- 544.6
Elm / ash / cottonwood group 165.6 -- 165.6
Aspen / birch group 667.1 2.7 669.8
Alder / maple group 6.0 -- 6.0
Woodland hardwoods group 94.5 -- 94.5
Nonstocked 171.8 -- 171.8
All forest-type groups 47,104.3 101.2 47,205.6

All table cells without observations in the inventory sample are indicated by --. Table value of 0.0 indicates the
volume rounds to less than 0.1 million cubic feet. Columns and rows may not add to their totals due to rounding.
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Appendix E: Soil Indicator Core Tables.

Table Sla: Mean water, carbon, and nitrogen contents of forest floor and soil cores by forest type, Idaho, soil visit
1, 2000, 2001, 2002, 2004, 2007, 2008.

Table S1b: Mean water, carbon, and nitrogen contents of forest floor and soil cores by forest type, Idaho, soil visit
2, 2006, 2007, 2009.

Table S2a: Mean physical and chemical properties of soil cores by forest type, Idaho, soil visit 1, 2000, 2001,
2002, 2004, 2007, 2008.

Table S2b: Mean physical and chemical properties of soil cores by forest type, Idaho, soil visit 2, 2006, 2007,
2009.

Table S3: Mean physical and chemical properties of soil cores by forest type, Idaho, soil visit 2, 2006, 2007, 2009.

Table S4: Mean exchangeable cation concentrations in soil cores by forest type, Idaho, soil visit 2, 2006, 2007,
2009.

Table S5a: Mean extractable trace element concentrations in soil cores by forest type, Idaho, soil visit 1, 2000,
2001, 2002, 2004, 2007, 2008.

Table S5b: Mean extractable trace element concentrations in soil cores by forest type, Idaho, soil visit 2, 2006,
2007, 2009.
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Table S1a—Mean water, carbon, and nitrogen contents of forest floor and soil cores by forest type, Idaho, soil visit 1, 2000, 2001, 2002, 2004,

2007, 2008.
Soil Number Water Organic Inorganic Total C/N chl,;zft Organic Total
layer content? carbon carbon nitrogen ratio carbon nitrogen
plots mass?
Forest type cm % % % % Mg/ha Mg/ha Mg/ha
Cercocarpus woodland Forest 1
floor
0-10 1 4.95 2.41 1.67 0.335 7.2 19.77 2.75
10-20 1 4.65 2.01 5.02 0.237 8.5 9.52 1.124
Juniper group® gg(r)fSt 5 3.64 31.09 0.624 67.2 1.01 0.29 0.006
0-10 5 3.7 2.08 0.21 0.162 12.8 16.74 1.303
10-20 5 6.77 0.95 0.18 0.103 9.3 8.31 0.898
Ponderosa pine Egngt 17 28.81 30.56 0.891 346 245 6.62 0.207
0-10 17 16.44 2.71 0.17 0.128 21.3 21.12 0.994
10-20 17 11.95 1.54 0.16 0.094 16.4 13 0.794
Lodgepole pine Eggf“ 16 39.98 31.93 0.869 413 13.94 4.23 0.117
0-10 16 15.99 2.82 0.18 0.124 22.8 19.07 0.836
10-20 16 10.69 1.61 0.16 0.065 24.6 13.02 0.53
Douglas fir gggf“ 70 22.89 31.27 0.868 385  18.32 5.34 0.149
0-10 70 7.62 3.23 0.18 0.15 215 19.57 0.91
10-20 70 8.6 1.93 0.18 0.095 20.4 13.21 0.647
Forest
Cottonwood/aspen o 11 29.79 35.49 1.073 346 139 4.44 0.143
0-10 11 18.77 5.87 0.19 0.421 14 25.08 1.798
10-20 11 17.23 3.34 0.19 0.231 14.4 19.2 1.33
) Forest
Spruce/fir group® floor 51 42.29 30.89 0.907 35.5 23.81 6.88 0.206
0-10 51 18.34 4.75 0.17 0.218 21.8 26.26 1.203
10-20 51 18.18 2.67 0.16 0.137 19.6 18.12 0.925
Western hemlock/ Forest 14 53.97 26.02 0.706 383  39.1 9.68 0.259
redcedar/larch floor
0-10 14 177 4.27 0.21 0.211 20.2 19.5 0.964
10-20 14 14.41 1.87 0.18 0.104 17.9 12.16 0.678
Limber pine fFlgngt 1 7.39 25.16 0.553 465 2.85 0.75 0.018
0-10 1 19.35 7.23 0.12 0.331 21.8 56.85 2.604
10-20 1 4.49 2.47 0.06 0.098 25.3 24.39 0.964

a\Water content and forest floor mass are reported on an oven-dry weight basis (105 °C).

bJuniper group includes Rocky Mountain juniper, western juniper, and juniper woodland.
°Spruce/fir group includes Engelmann spruce, subalpine fir, mixed Engelmann spruce/subalpine fir, and grand fir.

USDA Forest Service Resour. Bull. RMRS-RB-14. 2012

127



Table S1b—Mean water, carbon, and nitrogen contents of forest floor and soil cores by forest type, Idaho, soil visit 2, 2006, 2007, 2009.

Forest type

Cercocarpus woodland

Juniper group®

Ponderosa pine

Lodgepole pine

Douglas fir

Cottonwood/aspen

Spruce/fir group®

Western hemlock/
redcedar/larch

Limber pine

Number Forest
Soil of Water Organic Inorganic Total CIN floor Organic Total
layer plots content? carbon carbon nitrogen ratio mass? carbon nitrogen
cm % % % % Mg/ha Mg/ha Mg/ha
Forest 1
floor
0-10 1 1.05 2.67 5.18 0.287 9.3 13.06 1.403
10-20 1
Forest 1 20.5 38.27 0.989 47 3.22 1.25 0.042
floor
0-10 1 7.52 2.65 0.33 0.211 125 18.84 1.502
10-20 1 14.51 1.71 0.36 0.139 12.3 15.82 1.282
fFlg;fSt 5 21.23 32.38 0.975 35.7 30.81 9.84 0.313
0-10 5 12.96 2.89 0.28 0.182 15.9 24.32 1.531
10-20 5 12.85 1.52 0.23 0.111 137 14.75 1.08
ggngt 4 102.79 33.56 0.854 38.9 32.28 10.57 0.254
0-10 4 16.39 3.47 0.33 0.112 31 2272 0.732
10-20 9.82 1.18 0.34 0.043 27.9 8.08 0.29
Forest 23 28.56 33.15 1.044 33.5 18.8 6.41 0.194
floor
0-10 23 13.8 3.34 0.28 0.169 19.8 20.9 1.056
1020 23 9.28 1.34 0.27 0.077 175 8.43 0.483
Forest 5 40.35 34.79 1.08 34.3 12.51 4.32 0.134
floor
0-10 5 4717 7.76 0.27 0.413 18.8 36.79 1.959
10-20 5 43.25 3.93 0.34 0.219 18 14.31 0.797
Eg:St 15 46.94 36.07 1.072 37.4 17.46 6.08 0.178
0-10 15 28.47 4.45 0.29 0.224 19.9 24.69 1.241
10-20 15 26.65 2.73 0.25 0.153 17.9 17.45 0.976
ﬂFgg‘:St 5 53.84 29.84 0.923 36.3 46.83 14.46 0.394
0-10 5 23.94 4.35 0.21 0.207 21 22.05 1.051
10-20 5 27.48 2.08 0.23 0.108 19.3 11.4 0.59
Forest 0
floor
0-10 0
10-20 0

aWater content and forest floor mass are reported on an oven-dry weight basis (105 °C).
bJuniper group includes Rocky Mountain juniper, western juniper, and juniper woodland.
cSpruce/fir group includes Engelmann spruce, subalpine fir, mixed Engelmann spruce/subalpine fir, and grand fir.
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Table S2a—Mean physical and chemical properties of soil cores by forest type, Idaho, soil visit 1, 2000, 2001, 2002, 2004, 2007,
2008.

Number Bray 1 Olsen
Soil of Bulk Coarse extractable extractable
layer plots SQI? density fragments pH phosphorus phosphorus
Forest type cm % glcm? % H,0 CaCl, mg/kg mg/kg
Cercocarpus woodland 0-10 1 56 1.49 44.86 8.03 0.59 8.1 4.8
10-20 1 52 1.41 66.53 7.94 0.53 0.1 2.6
Juniper group 0-10 5 71 1.12 27.25 6.21 0.26 17 12.7
10-20 5 65 1.35 34.87 6.17 0.31 4.4 1
Ponderosa pine 0-10 17 69 0.97 18.81 5.94 0.15 404 22.7
10-20 17 65 1.17 26.53 6.01 0.13 25.9 11.7
Lodgepole pine 0-10 16 62 0.97 28.59 5.45 0.16 37.9 19.3
10-20 16 59 1.25 32.89 5.49 0.15 30.2 15.1
Douglas fir 0-10 70 70 0.96 34.73 6.04 0.08 56.5 31.7
10-20 70 64 1.14 36.93 6.01 0.08 354 16.6
Cottonwood/aspen 0-10 11 74 0.76 35.82 6.33 0.2 112.6 46.5
10-20 11 72 0.99 36.41 6.36 0.17 19.6 33.1
Spruce/fir group 0-10 51 67 0.8 28.25 5.28 0.09 32 154
10-20 51 59 0.95 25.77 5.5 0.08 18 9.4
Western hemlock/ 0-10 14 67 076 35.48 594  0.16 25.9 13.8
redcedar/larch
10-20 14 61 1.02 30 6.09 0.15 19 12
Limber pine 0-10 1 74 1.05 25.29 5.69 0.59 55.4 254
10-20 1 56 1.98 50.26 5.77 0.53 31.2 15.8

aSQl = Soil Quality Index
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Table S2b—Mean physical and chemical properties of soil cores by forest type, Idaho, soil visit 2, 2006, 2007, 2009.

Number Bray 1 Olsen
Soil of Bulk Coarse extractable extractable
layer plots SQI? density fragments pH phosphorus phosphorus
Forest type cm % glcm? % H,0 CaCl, mg/kg mg/kg
Cercocarpus woodland 0-10 1 52 1.54 68.17 7.78 0.61 7.5 8.2
10-20 1
Juniper group 0-10 1 70 1.27 43.82 6.72 0.61 25.7 7.5
10-20 1 70 1.24 25.21 7.02 0.47 8.6 0.9
Ponderosa pine 0-10 5 74 1.03 17.71 5.99 0.27 73 38.6
10-20 5 71 1.18 16.86 6.23 0.21 45.3 24.5
Lodgepole pine 0-10 4 53 0.84 21.94 5.25 0.31 23.7 10.6
10-20 4 46 1.36 46.87 5.29 0.23 17.8 6.1
Douglas fir 0-10 23 70 0.97 33 6.04 0.14 45.6 26.3
10-20 23 63 1.21 42.74 6 0.11 34.8 19.9
Cottonwood/aspen 0-10 5 74 0.59 19.94 6.19 0.31 48.9 35.5
10-20 5 67 0.77 48.85 6.29 0.27 11.7 404
Spruce/fir group 0-10 15 69 0.77 25.21 5.66 0.19 39.9 24.3
10-20 15 67 0.96 31.46 5.81 0.15 28.3 16.1
Western hemlock/ 0-10 5 68 085 31.32 574 027 25.1 15
redcedar/larch
10-20 61 0.85 29.41 5.81 0.21 5.2 8
Limber pine 0-10
10-20

aSQl = Soil Quality Index
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Table S3—Mean physical and chemical properties of soil cores by forest type, Idaho, soil visit 2, 2006,

2007, 2009.
Soil Number 1 M NH,CI Exchangeable cations
layer  ofplots Nga K Mg Ca Al ECEC
Forest type cm mg/kg cmolc/kg
Cercocarpus woodland 0-10 1 22 413 168 6742 0 36.18
10-20 1 30 93 127 5199 0 27.36
Juniper group 0-10 5 22 252 213 1907 1 12.24
10-20 5 28 337 394 2235 3 15.56
Ponderosa pine 0-10 17 9 295 142 1486 32 9.97
10-20 17 11 208 102 1141 13 7.7
Lodgepole pine 0-10 16 17 179 54 570 68 5.29
10-20 16 16 145 31 450 46 3.96
Douglas fir 0-10 70 12 248 123 1569 15 10.03
10-20 70 12 205 92 1128 20 7.61
Cottonwood/aspen 0-10 11 18 373 159 1960 6 12.74
10-20 11 13 432 181 1839 7 12.58
Sprucel/fir group 0-10 51 14 160 90 909 80 8
10-20 51 12 119 51 488 77 5.16
Western hemlock/ 0-10 14 8 161 96 1509 111 10.47
redcedar/larch
10-20 14 17 145 59 894 15 5.8
Limber pine 0-10 1 30 109 193 2512 14.59
10-20 1 1 65 105 1319 3 7.64
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Table S4—Mean exchangeable cation concentrations in soil cores by forest type, Idaho, soil visit 2, 2006, 2007, 2009.

1 M NH,CI Exchangeable cations

Soil Number

layer  of plots Na K Mg Ca Al ECEC
Forest type cm mg/kg cmolc/kg
Cercocarpus woodland 0-10 1 6 455 140 6327 1 33.93

10-20 1
Juniper group 0-10 1 15 317 319 2547 0 16.21

10-20 1 9 645 457 3740 5 24.16
Ponderosa pine 0-10 5 25 453 218 1911 1 13.01

10-20 5 64 396 208 1657 2 11.48
Lodgepole pine 0-10 4 8 125 22 171 75 2.5

10-20 4 12 98 15 79 59 1.66
Douglas fir 0-10 23 32 333 151 1896 9 1217

10-20 23 32 231 110 1213 13 8.37
Cottonwood/aspen 0-10 5 65 219 218 3132 0 20.03

10-20 5 47 144 166 1874 4 12.74
Sprucef/fir group 0-10 15 63 197 90 1267 46 9.19

10-20 15 82 158 64 887 23 712
Western hemlock/ 0-10 5 52 148 83 1071 51 8.22
redcedar/larch

10-20 5 49 126 54 599 37 53
Limber pine 0-10

10-20
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Table S5a—Mean extractable trace element concentrations in soil cores by forest type, Idaho, soil visit 1, 2000, 2001, 2002,

2004, 2007, 2008.

Soil Number 1 M NH CI Extractable
layer of plots Mn Fe Ni Cu Zn Cd Pb S
Forest type cm mg/kg
Cercocarpus woodland 0-10 1 0.03 0 0 0 0 0 0.47 7.5
10-20 1 0 0 0 0 0 0.02 0 10.3
Juniper group 0-10 5 13.22 0.05 0 0 0.42 0.11 0.1 55
10-20 5 11.32 0 0.07 0.11 0 0.01 0.02 8.1
Ponderosa pine 0-10 17 25.99 0 0.15 0 1.94 0.06 0.11 53
10-20 17 19.89 0.38 0.19 0.02 0.78 0.05 0.08 10.4
Lodgepole pine 0-10 16 22.43 0.76 0 0 0.69 0.11 0.09 4.9
10-20 16 22.43 0.57 0.02 0.03 0.26 0.08 0.25 17.8
Douglas fir 0-10 70 23.89 0.38 0.03 0 0.42 0.07 0.09 5.5
10-20 70 15.63 0.1 0.01 0 0.05 0.05 0.15 10.1
Cottonwood/aspen 0-10 11 9.63 0.78 0.06 0 0.18 0.18 0.1 59
10-20 11 9.41 0.02 0.03 0.05 0.02 0.12 0.11 6.6
Spruce/fir group 0-10 51 34.63 4.71 0.24 0.02 1.14 0.15 0.36 4.7
10-20 51 21.67 1.07 0.02 0.03 0.45 0.07 0.21 8.6
Western hemlock/ 0-10 14 275 001 003 0 073 006 006 54
redcedar/larch
10-20 14 12.75 0.02 0.01 0.24 0.05 0.15 29.5
Limber pine 0-10 1 20.85 0 0 0 0.67 0.08 0 5.2
10-20 1 10.62 0 0 0 0.25 0 0.11 0
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Table S5b—Mean extractable trace element concentrations in soil cores by forest type, Idaho, soil visit 2, 2006, 2007, 2009.

1 M NHCI Extractable

Soil Number

layer of plots Mn Fe Ni Zn Cd Pb S
Forest type cm
Cercocarpus woodland 0-10 1 0.34 0 0 0 0.01 0 6.1

10-20 1
Juniper group 0-10 1 5.57 0 0 0 0.06 0.67 4.1

10-20 1 2.02 0 0 0 0.05 0 3.7
Ponderosa pine 0-10 5 16.08 0.54 0 0.37 0.05 0.23 4

10-20 5 9.41 0.08 0 0 0.03 0.07 1.6
Lodgepole pine 0-10 4 27.24 4.52 0.04 0.07 0.04 0.34 41

10-20 4 4.19 2.97 0.01 0 0.01 0.52 4.8
Douglas fir 0-10 23 19.46 0.19 0.01 0.16 0.08 0.1 3.8

10-20 23 8.6 0.41 0.02 0.02 0.05 0.3 23
Cottonwood/aspen 0-10 5 11.48 0.72 0 0 0.07 0.16 71.5

10-20 5 4.93 0 0.01 0 0.01 0.19 53.2
Sprucef/fir group 0-10 15 28.65 2.53 0 0.46 0.08 0.65 5.2

10-20 15 14.84 1.36 0 0.29 0.05 0.44 4.2
Western hemlock/ 0-10 5 22.3 205 0 008 005 033 6.5
redcedar/larch

10-20 5 13.35 0.63 0 0 0.02 0.04 4.2
Limber pine 0-10

10-20
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