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Abstract

This publication presents the results of the most recent five annual panels (2001-
2005) of Indiana’s forest resources. Since 2003, total forest land area has
increased by approximately 175,000 acres. As in every inventory since 1950, the
oak/hickory type is the largest forest type on the landscape, making up more than
58 percent of all forested land. Softwoods make up approximately 3 percent of
Indiana’s forested acreage. The net volume of growing stock on timberland totaled
8.2 billion cubic feet in 2005, more than triple the 2.5 billion cubic feet estimated
during the 1950 inventory. The invasive tree species tree-of-heaven continues to
threaten forest health, averaging at least one tree for every acre of Indiana’s forest
land.
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Indiana’s Forest Resources in

In 2005, NCFIA completed measurement of
the second panel of the second annual inven-
tory cycle in Indiana. This sixth inventory of
Indiana’s forest resources will be completed in
2008. Previous inventories of Indiana’s forest
resources were completed in 1950, 1967,
1986, 1998, and 2003 (Hutchison 1956,
Spencer 1969, Spencer et al. 1990, Smith and
Golitz 1988, Schmidt et al. 2000, Woodall et
al. 2005). Information presented in this report
is based on moving average estimates that use
the latest measurements of every field plot
(five panels: 2001-2005) for estimates of cur-
rent conditions such as area, number of trees,
volume, and biomass. Because estimates of
change (growth, removals, and mortality) are
based on remeasured plots, for this report only
the plots measured in 1999 and 2000 and
then remeasured in 2004 and 2005 (two pan-
els) provide the estimate of change. In 2006
another panel will be remeasured and esti-
mates of change will be based on three panels
of remeasured plots, and by 2008 all five pan-
els will have been remeasured. The results pre-
sented in this report are estimates based on
sampling techniques presented by Bechtold
and Patterson (2005). This 2005 annual report
contains summary information from the sixth
forest inventory, along with 12 core tables.
More tabular data from the sixth inventory of
Indiana can be generated through the FIA
Mapmaker program Web site at
http://ners2.fs.fed .us/4801/fiadb/index.htm.

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 two inventories must be similar. As a
result of our ongoing efforts to improve the
efficiency and reliability of the inventory, sev-

eral changes in procedures and definitions

have been made since the last periodic Indiana
inventory in 1998 (Schmidt et al. 2000).
Although these changes will have little effect
on statewide estimates of forest area, timber
volume, and tree biomass, they may signifi-
cantly affect plot classification variables such
as forest type and stand-size class. Only com-
parisons that are appropriate and not affected
by changes in procedures are discussed in this

report.

RESULTS

Area

Forest land area (including reserved or low-
productivity land) totaled 4.7 million acres in
2005 (table 1). More than 16 percent of forest
land was owned by public agencies and 83
percent was owned by private landowners; 3
percent of the area was dominated by soft-
woods and 97 percent was dominated by
hardwoods. Oak/hickory forests constituted 59
percent of the total hardwood forest land area.
The white/red/jack pine forest group constitut-
ed 37 percent of all forest land dominated by

softwoods.

Forest land has three components:

(1) Timberland—forest land not restricted
from harvesting by statute, administrative
regulation, or designation and capable of
growing trees at a rate of 20 cubic feet per
acre per year,

(2) Reserved forest land—forest land restricted
from harvesting by statute, administrative
regulation, or designation (e.g., state parks,
national parks and lakeshores, and Federal
wilderness areas), and

(3) Other forest land—forest land not capable
of growing trees at a rate of 20 cubic feet
per acre per year and not restricted from

harvesting.



Timberland area has continued to increase
since its low point in the 1967 inventory (fig.
1). Hardwoods made up 97 percent of the
total acreage, 96 percent of all public timber-
land area, and 97 percent of all private land-
holdings (table 2). The area of timberland by
forest type group was dominated by hard-
woods (table 3), particularly by the oak/hicko-
ry group (table 3, fig. 2), although the
maple/beech/birch group held a strong second
place. Since 1950, the area of timberland in
the sawtimber stand-size class has steadily
increased (table 3, fig. 3). The area of timber-
land in the sapling-seedling and poletimber
classes has decreased since 1950, suggesting

stand development (fig. 3).

Volume

The net volume of all-live trees on forest land,
which includes growing stock, rough, and rot-
ten trees, was nearly 9.4 billion cubic feet
(table 4). Hardwoods constituted nearly 9.1
billion cubic feet and softwoods made up
more than 315 million cubic feet. Oaks made
up nearly 2.4 billion cubic feet or 25 percent
of all hardwoods. Select oaks (red and white)
totaled more than 1.3 billion cubic feet or 58
percent of all oaks and 15 percent of all hard-
woods (table 4). This represents a considerable
increase over the 1986 inventory, which listed
the total cubic foot volume of all-live trees as
6.0 billion cubic feet, all hardwoods as 5.8 bil-
lion cubic feet, all oaks as 1.7 billion cubic
feet, and all select oaks as 859.0 million cubic
feet (Smith and Golitz 1988).

4,900

Net volume of all-live trees with a d.b.h.
(diameter at breast height) greater than or
equal to 1 inch and salvable dead trees on tim-
berland was nearly 9.2 billion cubic feet

(table 5). Volume of all-live trees made up
nearly 9.1 billion cubic feet or 99.0 percent.
The difference between the total volume of all-
live trees on timberland (table 5) and on forest
land (table 4) represents more than 209 mil-
lion cubic feet on land that is either reserved
(e.g., parks, wilderness areas) or of low pro-
ductivity (incapable of growth greater than 20
cubic feet per acre per year at the culmination
of mean annual increment). Of the 8.2 billion
cubic feet of volume in growing-stock trees,
more than 6.5 billion cubic feet or 79.6 per-
cent was sawtimber (fig. 4). The sawtimber
percentages for softwoods and hardwoods
were 75 and 80 percent, respectively (table 5).
Cull tree volume, at 882 million cubic feet,
was 9.7 percent of all-live tree volume. The
softwood cull tree volume represented only
3.5 percent of the total softwood live tree vol-
ume, whereas hardwood cull volume repre-
sented 9.9 percent of the total hardwood vol-
ume (table 5, fig. 4).

The net volume of growing stock (trees with a
d.b.h. greater than or equal to 5 inches) on
timberland totaled 8.2 billion cubic feet, more
than triple the 2.5 billion cubic feet estimated
during the 1950 inventory (table 6, fig. 5).
More than 96 percent (7.9 billion cubic feet)
was in hardwood forest type groups and 3 per-
cent (283 million cubic feet) was in the soft-
wood groups, and the remainder was in the
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Figure 1.—Area of timberland in Indiana by inventory year, 1950-2005. The vertical line
at each point represents the sample error associated with each inventory.

2010



3,000

2,500

2,000

1,500

Area of timberland (thousand acres)

1,000
500
0 I —
Q@ @ S
Q\Q \AQ\Q ] c*06 J\Q"o% $00 0\@;(\
& > & oK & &
§¢ ° & Q & ¢
& N 8 & N
\\k > © Qré\ Q\Q
N
R © é@\ 6{6

Forest type group

Figure 2.—Area of timberland in Indiana by selected forest type groups, 2001-2005.
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Figure 4.—Net volume of all hardwood live trees and salvable dead hardwood trees on
timberland in Indiana by timber class and size class, 2000-2005.

nonstocked category. In table 6 and in figure
5, tree volumes are shown for softwoods and
hardwoods for each forest type group. For
example, the oak/pine group had 60.2 million
cubic feet of softwoods and 109.5 million
cubic feet of hardwoods.

The net volume of growing stock on timber-
land by diameter class varies considerably by
species group (table 7, fig. 6). Total volume of
oak growing stock on timberland was more
than 2.1 billion cubic feet, which was 27 per-
cent of all hardwood volume and 26 percent
of all growing-stock volume. Volume in trees
at least 19 inches in diameter constituted 8
percent of the net volume of softwood growing
stock and 32 percent of net hardwood volume.

9,000

The net volume of sawtimber on timberland
was almost 31.4 billion board feet (table 8). As
with many other measures of tree coverage
and abundance in Indiana, hardwoods consti-
tuted most of the sawtimber volume (97 per-
cent or 30.3 billion board feet). Oaks totaled
9.1 billion board feet or 30 percent of the
hardwood total (table 8). Yellow-poplar had
the greatest net volume of all individual
species at more than 4.4 billion board feet.
Trees that were 19 or more inches in diameter
made up nearly 11 percent of the softwood
volume (115.6 million board feet) and 41 per-
cent of the hardwood volume (12.4 billion
board feet). In 1986, the proportions were 1
percent and 33 percent, respectively (Smith
and Golitz 1988).
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Figure 5.—Net volume of growing stock on timberland in Indiana 1950-20052. The verti-
cal line at each point represents the sample error associated with each inventory.
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Figure 6.—Net volume of growing stock on timberland for Indiana by selected forest

type, 2001-2005.

Biomass

The live aboveground biomass on timberland
in Indiana totaled 245.6 million dry tons
(table 9 and fig. 7). More than 5 percent of the
biomass total was in 1- to 5-inch trees, 83.2
percent was in growing-stock trees, and more
than 11 percent was in non-growing-stock
trees. Of the total, 85 percent (208.5 million
dry tons) was on private land and 15 percent
(37.1 million dry tons) was on public land
(table 9). Of the 204.4 million dry tons in
growing-stock trees, 84 percent were on pri-
vate land and 16 percent were on public land.

Among biomass in non-growing-stock trees,
92 percent was on private land and 8 percent
was on public land. Of the biomass in grow-
ing-stock trees, bole biomass made up 74 per-
cent, and stumps, tops, and limbs made up
the remaining 26 percent. Approximately the
same proportions existed for the 27.7 million
dry tons of biomass in non-growing-stock
trees: 74 percent in bolewood and 26 percent
in stumps, tops, and limbs (table 9).
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Figure 7.—Live aboveground biomass in Indiana, by ownership type and forest type,

2001-2005.



Growth, Removals, and Mortaliy
The growing stock on Indiana’s timberland
grew, on average, by 377.9 million cubic feet
per year between the years 1999-2000 and
2004-2005 (table 10). Softwoods grew by 9.6
million cubic feet per year, while hardwoods
grew by 417.5 million cubic feet per year.
Hardwood growth was 98 percent of the total
growth, and the hardwood growing stock in
1998 was 96 percent of the total volume (table
10). The growth of the other eastern soft hard-
woods, yellow-poplar, hard maple, ash, and
select white oaks species groups increased the
most at 72.2, 60.2, 38.4, 37.8, and 37.6 mil-
lion cubic feet per year, respectively (table 10).

Average annual removals of growing stock on
timberland (table 11) totaled 70.3 million
cubic feet per year, for a growth to removal
ratio of more than 5. Hardwood removals were
70.2 million cubic feet per year (99.9 percent
of the total removals). Removals from private
timberland totaled 62.3 million cubic feet per
year (88.7 percent of all removals); while
removals from public land averaged 8.0 mil-
lion cubic feet per year (table 11). The species
group categories with the highest average
annual removals were yellow-poplar (11.6 mil-
lion cubic feet per year), other eastern soft and
hard hardwoods (14.0 million cubic feet per
year), and hickory (9.2 million cubic feet per
year) (table 11).

Average annual mortality of growing stock on
timberland 1999-2000 through 2004-2005
was 54.7 million cubic feet per year (table 12).
Of that total, 51.2 million cubic feet per year

1.2

(more than 93 percent) were from hardwoods,
and the remaining 3.5 million cubic feet per
year were from softwoods. Across all species
groups, 11.4 percent or 6.2 million cubic feet
per year, occurred on public lands. Hardwood
mortality on public lands averaged 5.7 million
cubic feet per year (11.2 percent of all hard-
wood mortality); softwood mortality on public
land averaged nearly 0.5 million cubic feet per
year (14.5 percent of all softwood mortality).
Among hardwood species groups, the other
eastern soft hardwoods group had the highest
mortality rate at 12.9 million cubic feet per
year or 25.2 percent of all mortality (table 12).

Tree-of-Heaven Update

The invasive tree species tree-of-heaven
(Ailanthus altissima) was first recorded on FIAs
inventory plots only a few years ago. Tree-of-
heaven is native to China and was introduced
to the U.S. more than 200 years ago. It is a
prolific seed producer and fast growing tree
that is common in disturbed forest sites, road-
sides, and fence rows of the Eastern U.S. It is
considered a forest health threat because of its
ability to quickly establish itself on forest sites,
forming thickets that prevent the recovery/
regeneration of native tree species. According
to anecdotal evidence, it has the potential to
rapidly invade Indiana’s forest lands because of
its presence along many roadsides and in agri-
cultural areas across the State. As of 1998, FIA
detected no tree-of-heaven trees in the period-
ic inventory (fig. 8). However, annual forest
inventories since 1998 have observed tree-of-
heaven in Indiana’s forests. As of 2005,
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Figure 8.—Changes in mean trees per acre for tree-of-heaven in Indiana’s forest land,

1998-2005.



Indiana had on average one tree-of-heaven tree
per acre across the State’s forest land (Note:
sampling errors encompass the differences in
these estimates). Nearly two-thirds of the tree-
of-heaven species were detected in sugar
maple/beech/ash/yellow-poplar forest types
(fig. 9). Overall, the strategic-scale inventory of
FIA has detected tree-of-heaven invading
Indiana’s native hardwood forests at a steady
rate.

SUMMARY

Continuing long-term trends in Indiana, most
measures of forested area and volumes show
increases. Area has increased steadily since a
low point in 1967, while standing volumes

have continued to increase since 1950.

Hardwood forests continue to dominate the
majority of Indiana’s forests both in terms of
acreage and volume/biomass. However, given
the constant threats of invasive species (e.g.,
emerald ash borer and gypsy moth), the inven-
torying and monitoring of Indiana’s hardwood

forests is critical for future sustainability.

White oak/
red oak/
hickor
a0 White oak
12%

River birch/
sycamore
Sugar maple/ 13%
beech/
yellow birch
38%

Cherry/ash/
yellow-poplar
24%

Figure 9.—Proportion of forest types in which tree-of-heaven was identified by total
forest land acreage, 2001-2005.



APPENDIX

Accuracy of the Inventory

Sampling errors measure the uncertainty in
estimates due to not observing every member
of the population. In the case of the 2001-
2005 Indiana forest inventory, a total of 982
forested plots were observed. Sampling error
estimates for the 2005 inventory results are
area of forest land, 1.63 percent; area of tim-
berland, 1.72 percent; number of growing-
stock trees on timberland, 3.02 percent; vol-
ume of growing stock on timberland, 2.66
percent; volume of sawtimber on timberland,
2.57 percent; growing-stock growth on tim-
berland, 7.39 percent; growing-stock mortali-
ty on timberland, 13.02 percent; and grow-
ing-stock removals on timberland, 23.36 per-
cent.

Inventory Methods

In the annual inventory of Indiana, about
one-fifth of all field plots were measured each
year. After 5 years, an entire inventory cycle
was completed and summarized in a compre-
hensive report (Woodall et al. 2005). After the
first 5 years, NCFIA can report and analyze
results as a moving average. For example,
NCFIA will be able to generate a report based
on inventory results for 1999 through 2003
or for 2002 through 2006.

Inventory Phases

The 2005 Indiana survey was based on a
three-phase inventory. The first phase used
classified satellite imagery to stratify the State
and aerial photographs to select plots for field
measurement. The second phase measured the
traditional FIA suite of mensurational vari-
ables, and the third phase measured 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 field plot and (2) plots that could
not be accessed because of a hazard or danger
to field personnel. The methods used in
preparing this report make the necessary
adjustments to account for sites where access
was denied or hazardous.

Phase 1

The 2005 inventory used a classification of
satellite imagery. FIA used the imagery to form
two initial strata—forest and nonforest. Pixels
within 60 m (2 pixel widths) of a forest/non-
forest edge formed two additional strata—for-
est/nonforest and nonforest/forest. Forest pix-
els within 60 m on the forest side of a
forest/nonforest boundary were classified into
a forest edge stratum. Pixels within 60 m of
the boundary on the nonforest side were clas-
sified into a nonforest edge stratum. The esti-
mated population total for a variable is the
sum across all strata of the product of each
stratum’ estimated area and the variable’s esti-
mated mean per unit area for the stratum.

Phase 2

Phase 2 of the inventory consisted of the
measurement of the annual sample of field
plots in Indiana. Current FIA precision stan-
dards for annual inventories require a sam-
pling intensity of one plot for approximately
every 6,000 acres. FIA has divided the entire
area of the United States into non-overlapping
hexagons, each of which contains 5,937 acres
(McRoberts 1999). An array of field plots was
established by selecting one plot from each
hexagon based on the following rules: (1) if a
Forest Health Monitoring (FHM) plot
(Mangold 1998) fell within a hexagon, it was
selected; (2) if no FHM plot fell within a hexa-
gon, the existing NCFIA plot from the 1998
inventory nearest the hexagon center was
selected; and (3) if neither FHM nor existing
NCFIA plots fell within the hexagon, a new
NCFIA plot was established in the hexagon
(McRoberts 1999). This array of plots is desig-
nated the Federal base sample and is consid-
ered an equal probability sample; its measure-
ment in Indiana is funded by the Federal gov-
ernment.

The total Federal base sample of plots was sys-
tematically divided into five interpenetrating,
nonoverlapping 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 pur-
poses, the measurement of each panel of plots
may be considered an independent systematic



sample of all land in a State. Field crews meas-
ure vegetation on plots forested at the time of
the last inventory and on plots currently classi-
fied as forest by trained photointerpreters
using aerial photos or digital orthoquads.

Phase 3

NCFIA has two categories of field plot meas-
urements—phase 2 field plots (standard FIA
plots) and phase 3 plots (forest health plots) to
optimize our ability to collect data when avail-
able for measurement. Both types of plot are
uniformly 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 accommo-
date the additional measurement of nonwoody
understory vegetation, ground cover, soils, and
other variables.

The overall plot layout for the new configura-
tion 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 sub-
plots 2, 3, and 4 are 0, 120, and 240 degrees,
respectively from the center of subplot 1. The
center of the new plot is located at the same
point as the center of the previous plot if a
previous plot existed at the same location.
Trees with a d.b.h. 5 inches and larger are
measured on a 24-foot-radius (1/24 acre) cir-
cular subplot. Trees with a d.b.h. 1 inch and
larger but less than 5 inches are measured on a
6.8-foot-radius (1/300 acre) circular microplot
located 12 feet east of the center of each of the
four subplots. Seedlings (trees less than 1 inch
d.b.h. and at least 6 inches tall (softwood
species) or 12 inches tall (hardwood species)
are counted but not individually measured on
this same microplot. Forest conditions that
occur on any of the four subplots are record-
ed. Factors that differentiate forest conditions
are changes in forest type, stand-size class,
land use, ownership, and density. Each condi-
tion that occurs anywhere on any of the sub-
plots is identified, described, and mapped if
the area of the condition meets or exceeds 1
acre in size. The new national FIA plot config-
urtion (fig. 10) has been used for data collec-
tion in Indiana since 1999, the first annual

| N
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Figure 10.—Current NCFIA field plot
configuration.

inventory year. Due to the small sample size
(20 percent) each year, precision associated
with change factors such as mortality will be
relatively low.

Field plot measurements are combined with
phase 1 estimates in the compilation process
and table production. The number of pub-
lished annual inventory tables is currently 12.
However, at
http://ners.fs.fed.us/4801/fiadb/index.htm,
other tabular data can be generated.

For additional information, contact:
Program Manager

Forest Inventory and Analysis
Northern Research Station

1992 Folwell Ave.

St. Paul, MN 55108

Or

State Forester

Indiana Department of Natural Resources
Division of Forestry

402 W. Washington St. Room W296
Indianapolis, IN 46204
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Woodall, Christopher; Brand, Gary; Gallion, Joey.
2006. Indiana’s forest resources in 2005. Resour. Bull. NRS-3. Newtown Square,
PA: U.S. Department of Agriculture, Forest Service, Northern Research Station.
36 p.

Reports the initial results of five annual panels (2001-2005) of the inven-
tory of Indiana’s forest resources and two panels (2004 and 2005) of growth,
removals, and mortality. Includes information on forest area, number of
trees, volume, biomass, growth, removals, mortality, and forest health.

Keywords: annual inventory, forest area, forest type, volume, biomass, Indiana.
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