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North Dakota’s

il

B

Forest Resources in 2004

The North Central Research Station’s Forest
Inventory and Analysis (NCFIA) program
began fieldwork for the fourth forest inventory
of North Dakota forest resources in 2001.

The current inventory incorporates a new
systematic approach in which one-fifth of the
field plots (considered one panel) in the State
are measured each year. A complete inventory
consists of measuring, compiling, and reporting
the data for plots in all five panels. Once the
total inventory has been completed, panels will
be remeasured every 5 years. For example, in
North Dakota, the field plots measured in the
2001 panel will be remeasured in 2006.

In 2004, NCFIA continued the annual
inventory effort with the fourth of five panels
as part of the State inventory. Three previous
periodic inventories of North Dakota were
conducted in 1954, 1980, and 1994 (Warner
and Chase 1956, Jakes and Smith 1982,
Haugen et al. 1999). The current inventory

of North Dakota’s forest resources will be
completed in 2005. However, because each
year’s panel represents a portion of the

total inventory under the new systematic
approach, estimates have been prepared from
data gathered during the first 4 years of the
inventory to provide timely information about
North Dakota’s forest resources. Data presented
in this report represent 80 percent of the

field plots (or four panels) within a complete
inventory including panels from 2001, 2002,
2003, and 2004. An earlier report summarized
data gathered during the 2001, 2002, and 2003
panels (Haugen et al. 2005). Results presented
are estimates based on sampling techniques;
estimates were compiled assuming the 2001,
2002, 2003, and 2004 data represent one

sample. The precision of inventory estimates

will increase as additional panels are completed

and new data are incorporated.

Data from new inventories may be compared
with data from earlier inventories to determine
trends in forest resources. However, for the
comparisons to be valid, the procedures used in
the two inventories must be similar. As a result
of our ongoing efforts to improve the efficiency
and reliability of the inventory, several changes
in procedures and definitions have been made
since the last North Dakota inventory in 1994
(Haugen et al. 1999) (see appendix). Some of
these changes make it inappropriate to directly
compare portions of the 2004 data with those

published for earlier inventories.

RESULTS

Area

Total land area of North Dakota is 44.1
million acres of which 1.6 percent or 733
thousand acres are forested (table 1). Seventy
percent of forest land area is privately owned.
Public agencies hold the remaining forest
land area. Although forests cover less than 2
percent of the State’s land area, they are an
important resource. North Dakota’s forests
provide watershed protection; wildlife habitat;
recreational opportunities; crop, soil, and
livestock protection; and wood fiber for the

State’s forest industries.

In 2004, hardwoods dominated 92 percent of
the forest land area while conifers accounted
for 6 percent, with the remaining 2 percent
falling into the nonstocked category (table

1, fig. 1). Of the six major forest type groups
identified in the State, maple/beech/birch,
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Figure |. — Area of forest land by forest type, North Dakota, 2004.

elm/ash/cottonwood, and oak/hickory groups
account for 74 percent or 545 thousand acres
of forest land. The pinyon/juniper forest type
group occupies about 42.1 thousand acres of

forest land area, most of it scattered in the

western part of the State.

Timberland, a component of forest land, has

been increasing rapidly since the 1980s (fig. 2).

In 2004, there were an estimated 547 thousand
acres of timberland in North Dakota (table 2),
compared to an estimated 367 thousand acres
in the 1980s. Virtually all trees on timberland
areas in North Dakota are of natural origin
(table 2). Only an estimated 6 thousand acres

of timberland area were planted.
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Figure 2. — Area of timberland, North Dakota, [954-2004. (Sampling
error associated with each inventory is represented by the vertical line at
the top of each bar.)



On timberland, forest stands are categorized

by size class. Stand-size class is a measure of
the average diameter of the dominant trees

in a stand. There are three stand-size classes:
sawtimber—Ilarge trees, softwoods at least 9
inches in diameter at breast height (d.b.h.)

and hardwoods at least 11 inches d.b.h.;
poletimber—medium trees, trees 5 inches d.b.h.
to sawtimber size; and sapling/seedling—small
trees, trees 1 to 5 inches d.b.h. Table 3 shows
the distribution of timberland by stand-size
class. In 2004, timberland area contained
almost the same percentages of the two

largest size classes: sawtimber, 39 percent, and
poletimber, 38 percent. The sapling/seedling
class accounted for 21 percent, and nonstocked

stands accounted for 2 percent (fig. 3).

Volume

Historically, volume has been reported as either
growing stock or sawtimber. However, there are
volumes in noncommercial trees, rotten trees,
and rough trees that do not qualify as growing
stock but are used for wood fiber or fuelwood
and are an important ecological component

of these forests (e.g., wildlife habitat, and soil
and water protection). With the annualized
inventory system and increased interest in FIA
data from an ecological perspective, a greater

focus has been placed on all live volume. In

2004, North Dakota had an estimated 737
million cubic feet of all live volume on its 733
thousand acres of forest land (table 4) or an
average of more than 1,005 cubic feet of all live
tree volume for each forest land acre. On the
547 thousand acres of timberland, there was

an estimated 615 million cubic feet of all live
tree volume (table 5) or the equivalent of 1,124
cubic feet for each timberland acre in North

Dakota.

Growing-stock volume is the amount of solid
wood on timberland in trees 5 inches d.b.h. and
larger, from 1 foot above ground to a minimum
4-inch top diameter, with deductions made for
poor form or defect. Growing-stock volume

also has increased with the rise in timberland
area since the 1980s (fig. 4). The net volume of
growing stock on timberland in North Dakota
was estimated at 358 million cubic feet in 2004
(table 6) or 654 cubic feet of growing-stock

volume per timberland acre.

Most of North Dakota’s growing-stock volume
is in hardwood species. Three hardwood species
groups accounted for 91 percent of all growing-
stock volume in the State: the cottonwood/
aspen group with 179 million cubic feet, the
select white oak group with 76 million cubic

feet, and the ash group with 71 million cubic
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Figure 4. — Growing-stock volume, North Dakota, |954-2004. (Sampling error associated
with each inventory is represented by the vertical line at the top of each bar.)

feet (table 7). Softwood growing-stock volume
was estimated at 543 thousand cubic feet in

2004.

The volume of sawtimber in North Dakota
was estimated at more than 1 billion board
feet in 2004 (table 8). The cottonwood and
aspen species groups accounted for 57 percent
of all sawtimber volume in the State. Softwood
sawtimber volume was estimated at 2 million
board feet in 2004.

Biomass

Biomass, measured as all live aboveground tree
biomass on timberland in North Dakota, was
estimated at more than 16.5 million dry tons in
2004 (table 9)—an average of more than 31 dry
tons per timberland acre. Dry tons, an estimate
of biomass, is an important measure because it
provides information useful in analyses related
to carbon sequestration, wood fiber availability
for fuel, and other subjects. Roughly 50 percent
of the total biomass was in growing-stock trees
with an additional 10 percent in trees less than
5.0 inches d.b.h., and the remaining 40 percent
was in non-growing-stock trees. More than

99 percent of the total biomass was composed
of hardwood species. Almost 80 percent of

the total biomass, or 13.3 million dry tons,

was on privately owned land. The remaining
3.3 million dry tons were located on public

timberlands.

Forest Health

Despite the limited acreage and sparse
distribution, North Dakota’s forested resources
(forest land, rural plantings, and community
forests) are extremely valuable. These resources
provide wildlife habitat, supply recreational
opportunities, stabilize river banks, filter water
runoff from adjacent agricultural lands, provide
wood products, protect agricultural land and
homes from wind and snow, and contribute to
the botanical diversity of the State.

The following narratives highlight forest pest
conditions observed in North Dakota during

2004.

Gypsy moth

The North Dakota Forest Service, the North
Dakota Department of Agriculture, and the
USDA Animal and Plant Health Inspection
Service conduct annual statewide gypsy moth
detection surveys. There were 363 detection
traps placed in 2004 to encompass major
forest types at risk of gypsy moth introduction.
Two gypsy moths were detected during the
2004 trapping. One moth was caught near
Jamestown (Stutsman County), and another
was caught at the Grand Forks Air Force Base
(Grand Forks County). Coupled with visual
inspections, trapping will resume at these

sites in 2005 to ensure that no gypsy moth



population is established. Despite these recent
detections, no known established populations
have been found in North Dakota. As trapping
efforts continue, new areas of potential risk will

be included in the surveys.

Yellow-headed spruce sawfly

All species of spruce planted in North Dakota
are susceptible to the yellow-headed spruce
sawfly. Severe sawfly defoliation may cause
tree mortality or predispose trees to other
damaging agents. Every year small and medium
spruce trees are lost to this insect. The sawfly
is particularly troublesome in rural plantings,
where open growing conditions provide
favorable egg-laying sites. Sawfly damage has
been most significant in the north central and

northeast parts of the State in recent years.

Dutch elm disease

Dutch elm disease has severely affected native
woodlands, rural plantings, and communities
throughout North Dakota over the past 35
years. The American elm was once a major
component of North Dakota’s riparian forests
and occupied a wide range of sites. Dutch
elm disease has killed most of the dominant
elms that once made up a large portion of
these forests along the Red, James, Sheyenne,
Pembina, and other rivers of the State. In
addition, the disease continues to decimate
elms in the wooded draws of western North
Dakota. Although the American elm has not
been eliminated entirely from these forests,
the species persists as a small understory tree,
occupies a small portion of the total basal
area, and often succumbs to mortality before
reaching maturity. The loss of American elm
dominance in these systems has shifted the

species composition toward green ash and box

elder.

Diplodia shoot blight

Recently, Diplodia shoot blight has been
confirmed in many ponderosa pine plantings
throughout the State. This disease is common
throughout the Great Plains on Austrian,
Scotch, and other pines planted outside of their

natural range. Symptoms include shoot blight

and twig dieback. Severely infected trees may
be deformed and killed. Trees of all ages are
susceptible, but older, cone-bearing trees appear

to sustain the most damage.

Although Diplodia shoot blight has been found
periodically throughout North Dakota in past
years, the incidence and severity of this disease
have increased recently. This trend may be

attributed to moist conditions in recent years.

In addition, Diplodia shoot blight is abundant
in the pine windbreaks surrounding Towner
State Tree Nursery. The nursery annually
produces 200,000 ponderosa pine seedlings, and
the concern is that this disease could limit the
number of pine seedlings the nursery will be
able to supply. A plan has been developed to
prevent damage to nursery crops by monitoring
the disease, systematically removing ponderosa
pine tree rows and replacing them with
nonhost species, applying preventive fungicides
to nursery crops, and relocating ponderosa

pine nursery crops to fields with minimum
exposure to the disease. USDA Forest Service
Forest Health Protection funds were used to
remove infected pine windbreaks in 2002,
2003, and 2004 as part of the nursery’s disease

management plan.

Forest Tent Caterpillar

The Turtle Mountains of the north central
region of the State encompass over 125,000
forested acres that are subject to periodic
defoliation by the forest tent caterpillar (FTC).
The insect defoliated an estimated 17,800 acres
in 2003, representing a fourfold increase from

the previous year.

Based on egg mass surveys conducted in
October 2003, FTC defoliation was expected

to increase in 2004. However, a sudden hard
spring frost occurred during larval emergence,
killing the majority of young larvae and causing
the FTC population to collapse in 2004. As a
result, local land managers, natural resource
professionals, and private landowners did not

report any defoliation during 2004.



Forest Tent Caterpillar
Defoliation in the Turtle Mountains

Year Defoliation (Acres)
2002 4,300

2003 17,800

2004 No Reports

Foliar Diseases of Deciduous Trees
Cool, wet conditions throughout the 2004
growing season were favorable for infection
and development of several hardwood foliar
diseases. Commonly observed diseases in 2004
included ash anthracnose, oak anthracnose,
oak leaf blister, and Septoria leaf spot of
Populus spp.

Wildfire

The Deep Creek Fire burned through portions
of the native ponderosa pine stands of
southwestern North Dakota (Slope County)
in September 2004. This fire damaged
approximately 800 acres of privately owned
pine. Mortality may reach 100 percent

in areas where high fire intensity caused
extensive needle scorching and stem charring.
Estimations of tree mortality within areas
exposed to lower fire intensity are subjective at

this time.

Summary

The long-term trend data for North Dakota
indicate a steady increase in forest area and
volume. Forest area, along with volume, has
shown increases since the low point in 1980.
North Dakota’s forests are generally in good
health although several forest health concerns
bear monitoring and control. For example,
the state of the aspen resource, riparian forest
health, Dutch elm disease, and cottonwood
regeneration are persistent problems. As
additional data become available from ensuing
annual inventories and through forest health
monitoring, a clearer picture of the direction
of North Dakota’s forests will emerge.
Additional data related to the most recent
three inventories of North Dakota (1980,
1994, 2004) are available at: www.ncrs2.fs.fed.
us/4801/fhadb/index.htm.

APPENDIX

Inventory Methods

Since the 1994 inventory of North Dakora,
several changes have been made in NCFIA
inventory methods to improve the quality of
the inventory as well as to meet increasing
demands for timely forest resource information.
The most significant difference between
inventories was the change from periodic
inventories to annual inventories. Historically,
NCFIA periodically inventoried each State
on a cycle that averaged about 12 years.
However, the need for timely and consistent
data across large geographic regions, combined
with national legislative mandates, resulted

in NCFIA’s implementation of an annual

inventory system.

With the NCFIA annual inventory system,
about one-fifth of all field plots are measured
each year. After 5 years, an entire inventory
cycle will be completed. After the first 5 years,
NCFIA will report and analyze results as a
moving 5-year average. For example, NCFIA
will be able to generate a report based on
inventory results for 2001 through 2005 or

for 2002 through 2006. Although there are
great advantages to an annual inventory, one
difficulty is reporting on results for fewer than
5 years. With the 2001-2004 panels, only 80
percent of all field plots have been measured.
Sampling error estimates for the 2004
inventory results are 8.15 percent for area of
forest land; 9.54 percent for area of timberland;
17.85 percent for volume of growing stock

on timberland; and 24.80 percent for volume
of sawtimber on timberland. These sampling
error estimates are much higher than those for
the last periodic inventory completed in 1994
(6.20 percent for timberland area and 8.80
percent for growing-stock volume) because

of the smaller sample sizes. Thus, caution
should be used when drawing conclusions
based on this limited data set. As we complete
ensuing measurements, we will have additional
confidence in our results due to the increased

number of field plots measured.



Other changes between inventories include
the implementation of new remote sensing
technology, the use of a new sampling design,
the implementation of a new field plot
configuration, and the gathering of additional
remotely sensed and field data. The advent of
remote sensing technology since the previous
inventory in 1994 has allowed NCFIA to use
Multi-Resolution Land Characterization data
and other available remote sensing products
to stratify the total area of the State and to
improve the precision of estimates. Inventories
in North Dakota before 2001 (1954, 1980,
and 1994) used visual interpretation of aerial

photos to stratify the sample.

New algorithms were used in 2001 to assign
forest type and stand-size class to each
condition observed on a plot. These algorithms
are being used nationwide by FIA to increase
consistency among States and will be used to
reassign the forest type and stand-size class of
every plot measured in the 1994 inventory
when it is updated. This will be done so that
changes in forest type and stand-size class
will more accurately reflect actual changes

in the forest and not changes in how values
are computed. The list of recognized forest
types, grouping of these forest types for
reporting purposes, models used to assign
stocking values to individual trees, definition
of nonstocked, and names given to the forest
types changed with the new algorithms. As

a result, comparisons between the published
2004 inventory results and those published
for the 1994 inventory may not be valid. For
additional details about algorithms used in both

inventories, please contact NCFIA.

Sampling Phases

The 2004 North Dakota survey was conducted
in three phases. The first phase used classified
satellite imagery to stratify the state and aerial
photographs to select plots for measurement.
The second phase measured the traditional FIA
suite of mensurational variables, and the third

phase focused on a suite of variables related to

the health of the forest.

The only land that could not be sampled

was (1) private land where field personnel
could not obtain permission from the owner

to measure the plot and (2) plots that could
not be accessed because of a hazard or danger
to field personnel. The methods used in the
preparation of this report make the necessary
adjustments to account for sites where access
was denied or hazardous. There were 21 denied
access plots out of 233 field plots between 2001
and 2004.

Phase 1

The 2004 inventory used classified satellite
imagery to form two initial strata—forest and
nonforest. Pixels within 60 m (2 pixel widths)
of a forest/nonforest boundary formed two
additional strata—forest edge and nonforest
edge. Forest pixels within 60 m on the forest
side of a forest/nonforest boundary were
classified into the forest edge stratum. Pixels
within 60 m of the boundary on the nonforest
side were classified into nonforest edge stratum.
The estimated population total for a variable

is the sum across all strata of the product of
each stratum’s estimated area and the variable’s

estimated mean per unit area for the stratum.

In North Dakota, final estimation of area by
stratum was based on three strata—nonforest,
nonforest edge, and the combined forest and
forest edge strata—because there were not

enough plots in the forest stratum.

Phase 2

Phase 2 of the inventory consisted of the
measurement of the annual sample of

field plots in North Dakota. Current FIA
precision standards for annual inventories
require a sampling intensity of one plot for
approximately every 6,000 acres. FIA has
divided the entire area of the United States
into nonoverlapping hexagons, each of which
contains 5,937 acres (McRoberts 1999).

An array of field plots was developed by
establishing a plot in each hexagon. This array
of plots is designated the Federal base sample
and is considered an equal probability sample;
its measurement in North Dakota is funded by

the Federal government.



Fieldwork for this inventory was expedited
through the cooperation and assistance of the
North Dakota Forest Service.

The total Federal base sample was system-
atically divided into five interpenetrating, non-
overlapping subsamples or panels. Each year
the plots in a single panel are measured, and
panels are selected on a 5-year, rotating basis
(McRoberts 1999). For estimation purposes,
the measurement of each panel of plots may

be considered an independent quasisystematic
sample of all land in a State. Field crews
measure vegetation on plots currently classified
as forest by trained photointerpreters using

aerial photos or digital orthoquads.

Phase 3

NCFIA has two categories of field
measurements—phase 2 field plots (standard
FIA plots) and phase 3 plots (forest health
plots). Both types of plot are systematically
distributed both geographically and temporally.
Phase 3 plots are measured with the full

suite of FHM vegetative and health variables
(Mangold 1998) collected as well as the full
suite of measures associated with phase 2 plots.
Phase 3 plots must be measured between June 1
and August 30 to accommodate measurement
of nonwoody understory vegetation, ground
cover, and other variables. We anticipate that
in North Dakota the complete 5-year annual
inventory will include measurement of about
472 phase 3 plots. On the remaining plots,
referred to as phase 2 plots, only variables that
can be measured throughout the entire year
are collected. In North Dakota, the complete
5-year annual inventory is expected to include
measurement of about 7,150 phase 2 plots. The
2001-2004 annual inventory results represent
field measures on 99 timberland plots, 37 other
forest land plots, and 76 non-forest land plots.
The new national FIA plot configuration with
four subplots (fig. 5) was first used for data
collection during the 2001 inventory of North
Dakota. This design was also used in the 2002
inventory and will be used in subsequent years.
In North Dakota, because all plots in the
annualized inventory are newly established,

remeasurement data will not be available until

the sixth year of the annual inventory. Those
measurements will form the basis for change
estimates between the first five-panel cycle and
the second five-panel cycle for characteristics
such as average annual net growth, mortality,
and removals. The national plot configuration
also requires mapping forest conditions on each
plot. Due to the small sample (20 percent)
each year, the precision associated with change
factors such as mortality will be relatively low.
Consequently, change estimates will not be
reported until at least three annual inventories
have been completed in the second five-

panel cycle, and even then we anticipate that
estimates of change will be limited in detail.
When the complete second five-panel cycle of
the annual inventory has been implemented in
2010 (if the anticipated 20 percent of the State
is sampled each year), estimates for the full

range of change variables will be available.

The overall plot layout for the new design
consists of four subplots. The centers of subplots
2, 3, and 4 are located 120 feet from the center
of subplot 1. The azimuths to subplots 2, 3,

and 4 are 0, 120, and 240 degrees, respectively.
Trees with a d.b.h 5 inches and larger are
measured on a 24-foot-radius (1/24 acre)
circular subplot. All trees less than 5 inches
d.b.h. are measured on a 6.8-foot-radius (1/300
acre) circular microplot located at the center of
each of the four subplots. Forest conditions that
occur on any of the four subplots are recorded.
Factors that differentiate forest conditions are
changes in forest type, stand-size class, stand

origin, reserved status, ownership, and density.
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Figure 5. — Current NCFIA field plot design.
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Each condition that occurs anywhere on any
of the subplots is identified, described, and
mapped if the area of the condition meets or

exceeds 1 acre in size.

Field plot measurements are combined with
phase 1 estimates in the compilation process
and table production. The number of published
tables generated from less than five panels of
data is limited. However, other tabular data can
be generated at: www.ncrs2.fs.fed.us/4801/fiadb/
index.htm.

For additional information, contact:

Program Manager

Forest Inventory and Analysis
North Central Research Station
1992 Folwell Ave.

St. Paul, MN 55108

or

State Forester

North Dakota Forest Service
Molberg Center

307 Ist Street E

Bottineau, ND 58318-1100
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Haugen, David; Brand, Gary; Kangas, Michael.

2006. North Dakota’s forest resources in 2004. Resour. Bull. NC-258. St. Paul,
MN: U.S. Department of Agriculture, Forest Service, North Central Research
Station. 20 p.

Results of the combined 2001-2004 annual forest inventory panels for North
Dakota show more than 733 thousand acres of forest land that contain an estimated
737 million cubic feet of all live tree volume or approximately |,005 cubic feet
per forest land acre. Timberland area in North Dakota was estimated at 547
thousand acres, with an estimated 358 million cubic feet of growing-stock volume or
approximately 654 cubic feet per timberland acre. All live aboveground tree biomass
on timberland is estimated at |6 million dry tons or approximately 32 tons per
timberland acre. Forest pests that are damaging North Dakota’s forested resources
include yellow-headed spruce sawfly, forest tent caterpillar, and Dutch elm disease.

KEY WORDS: Annual inventory, forest area, forest type, volume, biomass,
North Dakota.

The Forest Inventory and Analysis web site is:
www.fia.fs.fed.us
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MISSION STATEMENT

We believe the good life has its roots in clean air, sparkling water, rich soil, healthy economies
and a diverse living landscape. Maintaining the good life for generations to come begins with
everyday choices about natural resources. The North Central Research Station provides the
knowledge and the tools to help people make informed choices. That's how the science we
do enhances the quality of people’s lives.

For further information, contact:

North Central
Research Station

= USDA Forest Service
1992 Folwell Avenue, St. Paul, MN 55108

Or visit our web site:
www.ncrs.fs.fed.us



