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The 31.7 thousand acres tabulated as Unavailable under Softwood type groups in
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However, as these lands gradually added more

trees and existing trees continued to grow, they

attained a level of stocking sufficient to qualify

as forest land. An example of this process is the

narrow wooded strips along Indiana’s rivers

and streams. In the 1950s, 1960s, and 1970s,

these strips contained either scattered trees or

were less than 120 feet in width from bole to

bole, but by the 1980s  and 1990s, they had

widened to the point where they qualified as

forest land. It is expected that in Indiana this

process will continue to add forest lands, but

those expected additions might be

counterbalanced by losses at other sites due to

development and other land uses (Schmidt et

al. 2000).  Sites where new forests are being

established may differ from sites where forest

land is lost to other land uses. The different

sites may have different levels of productivity,

different potential species compositions, and

different owners.

In 2000, 16 percent of Indiana’s  4.38 million

acres of forest land were publicly owned (table

1). The shortleaf pine and oak-hickory forest

types had above average rates of public owner-

ship, 71 percent and 25 percent, respectively,

while the maple-beech forest type had a below

average rate of public ownership (less than 10

percent). The above average rate of public

ownership of oak-hickory is partially due to

the management objectives of maintaining oak

on public forest lands. 

The remaining portions of this analysis focus

on timberlands. The  94.5 thousand acres of

forest lands not included in the timberland

classification are reserved forest lands, where

harvesting is restricted, and other forest lands

that do not meet the minimum growth levels.

Of the 4.29 million acres of timberland, about

The highlighted numbers on page 3 have been changed because of the change to

Table 1. No other data in the report are affected by the change to Table 1.

96 percent is naturally occurring and 4 percent

has been artificially established (planted) (table

2).

Conifers play only a minor role in Indiana; only

2 percent of the total timberland area had

conifers as the dominant species. Of the conifer

dominated timberland area, 3 out of every 4

acres were artificially established through tree

planting (table 2). All of the publicly owned

conifer timberlands that were sampled in the

1999 and 2000 annual inventories were

established by tree planting. In general, these

public lands were privately owned marginal

farmland that was abandoned, reverted to public

ownership, and planted to conifers to prevent

soil erosion. As a comparison, only 3 out of

every 100 acres of deciduous dominated

timberlands were artificially established. The low

level of deciduous artificial regeneration is

primarily due to the natural regeneration

abilities of deciduous species in Indiana, which

limits the need for this type of management. 

Indiana has long been recognized as having

some of the finest stands of deciduous forests in

the Nation (Brundage 1955). Deciduous trees

dominated timberlands in Indiana in 2000 with

oak-hickory and maple-beech each accounting

for about 40 percent of the total area (fig. 2).

Bottomland hardwoods such as the elm-ash-

cottonwood and oak-gum-cypress forest types

represented 14 percent of all timberlands, and

oak-pine, aspen-birch, or nonstocked made up

the remaining 6 percent (table 3). 

The average stand age, and resulting stand-size

class, of Indiana’s timberlands is increasing due

to a lack of disturbance sufficient enough to

decrease the average stand-size class.

Disturbances can be either natural (wildfires, 3
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The North Central Research Station’s Forest

Inventory and Analysis Program (NCFIA)

began fieldwork for the fifth forest inventory

of Indiana’s forest resources in 1999. This

inventory initiated the new annual inventory

system in which one-fifth of the field plots

(considered one panel) in the State are

measured each year. A complete inventory

consists of measuring and compiling the data

for all plots (or five panels). Once all panels

have been measured, each panel will be

remeasured approximately every 5 years. For

example, in Indiana, the plots in the 1999

panel will be remeasured in 2004.

In 2000, NCFIA continued the annual

inventory effort with the second panel of the

fifth forest inventory. This fifth inventory of

Indiana’s forest resources will be completed in

2004. However, because each year’s sample is

a systematic sample of the State’s forest and

because timely information is needed about

Indiana’s forest resources, estimates have been

prepared from data gathered during the first 2

years of the inventory. Data presented in this

report represent 40 percent of the field plots

(or two panels) for a complete inventory and

are a combination of the first year’s panel

from 1999 and the second year’s panel from

2000. Because of the limited number of

field plots measured, sampling errors are

large and data in this report should be used

with caution. Future estimates that

incorporate data in this report are subject

to change when ensuing annual inventories

are completed and data compiled. Results

presented are estimates based on sampling

techniques. As additional annual inventories

are completed, the precision of the estimates

will increase and additional data will be

released.

Reports of previous inventories of Indiana are

dated 1950, 1967, 1986, and 1998. 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, several changes in

procedures and definitions have occurred

since the last Indiana inventory in 1998

(Schmidt et al. 2000). (See appendix). Some

of these changes make it inappropriate to

directly compare portions of the 2000 data

with those published for 1998. 
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RESULTS

Area

It has been estimated that in the period

between European settlement and the 1950s,

Indiana’s area of forest land dramatically

decreased, especially in the southern areas of

the State. To access recent trends in forest land

area, timberland1 area statistics from NCFIA

inventories are compared. Timberland area

statistics are used as a surrogate for forest land

because sampling errors were derived for each

inventory estimate of timberland but not for

forest land area. Tracking timberland is

particularly useful for accessing trends in

forest land in Indiana because timberland area

accounts for approximately 97 percent of all

forest land in the State. In 1950, timberland

area in Indiana was estimated to be 4.10

million acres. Between 1950 and 1967, the

area of timberland continued to decline until

by 1967 only an estimated 3.90 million acres

remained (Spencer 1969) (fig. 1). However, by

1986, the estimated total area of timberland in

Indiana had increased to 4.30 million acres

(Smith and Golitz 1988). The trend of

increasing area of timberland in Indiana

continued on, evidenced by the 1998

inventory estimate of 4.34 million acres of

timberland (Schmidt et al. 2000). However,

initial results from the most recent annual

inventory show that the trend of increasing

area of timberland may have stalled in 2000.

Indiana had an estimated 4.29 million acres of

timberland. Analysis of the 1998 and 2000

inventories indicate that the current estimated

total area of timberland may be a result of

high sampling errors associated with a partial

inventory rather than an actual loss of timber-

land between 1998 and 2000 (Hansen et al.

2001). As succeeding annual inventories are

completed, sampling errors will decrease,

resulting in increased precision of the

estimates and a more reliable picture of reality.

The increase in total area of forest land since

the 1960s and 1970s was partially due to

changes in agricultural practices and policies.

New forest lands came from the conversion of

pasture and croplands through both natural

processes and human intervention (tree

planting and wildfire control). In many cases,

these new forest lands had been partially

covered with trees but initially did not have

sufficient tree cover to qualify as forest land.
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Figure 1. — Area of timberland in Indiana by inventory year.
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1 Timberland, a subset of forest land, is capable
of growing trees at a minimum level of 20 cubic
feet per acre per year and is not restricted from
harvest.



However, as these lands gradually added more

trees and existing trees continued to grow,

they attained a level of stocking sufficient to

qualify as forest land. An example of this

process is the narrow wooded strips along

Indiana’s rivers and streams. In the 1950s,

1960s, and 1970s, these strips contained

either scattered trees or were less than 120 feet

in width from bole to bole, but by the 1980s

and 1990s, they had widened to the point

where they qualified as forest land. It is

expected that in Indiana this process will

continue to add forest lands, but those

expected additions might be counterbalanced

by losses at other sites due to development

and other land uses (Schmidt et al. 2000).

Sites where new forests are being established

may differ from sites where forest land is lost

to other land uses. The different sites may

have different levels of productivity, different

potential species compositions, and different

owners.

In 2000, 16 percent of Indiana’s 4.42 million

acres of forest land were publicly owned (table

1). The shortleaf pine and oak-hickory forest

types had above average rates of public owner-

ship, 71 percent and 25 percent, respectively,

while the maple-beech forest type had a below

average rate of public ownership (less than 10

percent). The above average rate of public

ownership of oak-hickory is partially due to

the management objectives of maintaining oak

on public forest lands. 

The remaining portions of this analysis focus

on timberlands. The 126.2 thousand acres of

forest lands not included in the timberland

classification are reserved forest lands, where

harvesting is restricted, and other forest lands

that do not meet the minimum growth levels.

Of the 4.29 million acres of timberland, about

96 percent is naturally occurring and 4

percent has been artificially established

(planted) (table 2).

Conifers play only a minor role in Indiana;

only 2 percent of the total timberland area had

conifers as the dominant species. Of the

conifer dominated timberland area, 3 out of

every 4 acres were artificially established

through tree planting (table 2). All of the

publicly owned conifer timberlands that were

sampled in the 1999 and 2000 annual

inventories were established by tree planting.

In general, these public lands were privately

owned marginal farmland that was

abandoned, reverted to public ownership, and

planted to conifers to prevent soil erosion. As

a comparison, only 3 out of every 100 acres of

deciduous dominated timberlands were

artificially established. The low level of

deciduous artificial regeneration is primarily

due to the natural regeneration abilities of

deciduous species in Indiana, which limits the

need for this type of management. 

Indiana has long been recognized as having

some of the finest stands of deciduous forests

in the Nation (Brundage 1955). Deciduous

trees dominated timberlands in Indiana in

2000 with oak-hickory and maple-beech each

accounting for about 40 percent of the total

area (fig. 2). Bottomland hardwoods such as

the elm-ash-cottonwood and oak-gum-cypress

forest types represented 14 percent of all

timberlands, and oak-pine, aspen-birch, or

nonstocked made up the remaining 6 percent

(table 3). 

The average stand age, and resulting stand-size

class, of Indiana’s timberlands is increasing

due to a lack of disturbance sufficient enough

to decrease the average stand-size class.

Disturbances can be either natural (wildfires,
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flooding, insect epidemics, winds) or human-

induced (harvesting, timber stand improve-

ment, prescribed fire). This aging/maturing

from a lack of disturbance is exhibited by the

increase in the area classified as being in large

diameter stands (historically referred to as

sawtimber—stands with a plurality of stocking

in trees more than 11.0 inches in diameter at

breast height (d.b.h.), d.b.h. for deciduous

species and 9.0 inches d.b.h. for conifers) (fig.

3). The amount of timberland in the large

diameter stand-size class rose from 51 percent

in 1950 to 70 percent in both 1998 and 2000.

This increase came primarily at the expense of

the small diameter stand-size class (stands

with a plurality of stocking in trees with

diameters of less than 5.0 inches d.b.h.).

While most timberlands experienced some

disturbance on a regular basis (even one tree

dying can be viewed as a disturbance), it was

generally not to the degree necessary to alter

the stand-size class. But the increase in stand-

size class might be leveling off; significant

additional increases in area of timberland in

4

Figure 2. — Area of timberland in Indiana in 2000 by forest type.
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from an ecological perspective, a greater focus

has been placed on all live volume. As a result,

tables 4 and 5 of this report focus on all live

volume. In 2000, Indiana had almost 7.8

billion cubic feet of all live volume on its 4.42

million acres of forest land. This equates to an

average of more than 1,750 cubic feet of all

live volume for each forest land acre in

Indiana. Unfortunately, data for all live volume

are not readily available from the historic

inventories and thus comparisons consider

only growing-stock volume.

In addition to the all live volume, Indiana had

more than 106 million cubic feet in salvable

dead trees. Salvable dead trees are standing

trees with less than half of their volume rotten.

These trees make important contributions to

wildlife habitat, provide diversity within the

forested landscape, and can be utilized for

fuelwood and wood products.

Indiana’s growing-stock volume, at 6.71 bil-

lion cubic feet, represents 87 percent of the

total all live volume (table 5). Growing-stock

volume is the amount of solid wood on tim-

berland in commercial trees 5.0 inches d.b.h.

and over, from 1 foot above ground (stump)

to a minimum 4.0-inch top diameter with

deductions made for poor form or defect. As

trees increase in diameter and as timberlands

increase their stocking, growing-stock volume

typically also increases. Of the total growing-

stock volume, 80 percent is in large diameter

stands and 20 percent is in medium stands

(historically classified as poletimber—trees

with d.b.h. between 5.0 inches and either 9.0

inches for conifers or 11.0 inches for decidu-

ous species). In addition, 23 percent of all

growing-stock volume in Indiana in 2000 was

in trees with diameters greater than 21.0 inch-

es d.b.h. (table 7).
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large diameter classes are not expected for the

future. However, the species composition of

these stands might change as more shade-

tolerant species replace those species that

regenerate after disturbance or with full

sunlight on the forest floor. Also, the

increased amount of large diameter class and

older timberlands is creating a mono-culture

of old/mature stands that are at greater risk of

large-scale mortality from natural events, such

as drought or insect epidemics. At a time

when a new insect threat, gypsy moth, is at

the “edge of Indiana’s timberland,” having a

monoculture of old/mature timberland largely

dominated by oak, the preferred host of

gypsy moth, presents a risk to Indiana’s

timberland.

In 2000, the oak-hickory forest type in

Indiana had an above average amount of

timberland in the large diameter stand-size

class; 82 percent of all oak-hickory

dominated stands were considered large

diameter. This raises concerns because oak-

hickory without disturbance can convert to

other forest types such as maple-beech. Oak-

hickory stands are of vital importance for

Indiana due to their ecological and

economical contributions.   

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 that are utilized

for wood fiber and fuelwood and that make

important ecological contributions (such as

wildlife habitat, and soil and water

protection). With the annualized inventory

system and increased interest in FIA data



Indiana had 3.65 billion cubic feet of grow-

ing-stock volume in 1967, 5.18 billion cubic

feet in 1986, 6.90 in 1998, and 6.71 in 2000

(fig. 4).  Total growing-stock volume on tim-

berland in Indiana increased by 84 percent

between 1967 and 2000, as a result of the

care, interest, and management shown by

Hoosiers for their forests.

Indiana averaged 1,560 cubic feet per acre of

growing-stock volume on timberland in 2000

compared to 680 in 1950. The 2000 average

is similar to that of 1998 when Indiana aver-

aged 1,589 cubic feet per acre of growing

stock on timberland. Both the 1998 and 2000

growing-stock volume estimates fall within

the same sampling error range, implying no

statistical difference between the two esti-

mates. In comparison, Michigan averaged

1,431 cubic feet per acre in 1993 (Schmidt et

al. 1997).  

Of the total growing-stock volume in Indiana

in 2000, 28 percent was oak, 12 percent hick-

ory, 12 percent yellow-poplar, 12 percent

maple, 7 percent ash, and 4 percent conifers.

No other species group represented more

than 3.5 percent.  

Biomass

Biomass, measured as all live aboveground

tree biomass on timberlands in Indiana, was

estimated at more than 211 million dry tons

in 2000 (an average of more than 28 dry tons

per acre). Biomass is an important measure

because it provides information that can be

used for analyses related to carbon

sequestration, wood fiber availability for fuel,

and other issues. More than 80 percent of the

total biomass was in growing-stock trees, 13

percent was in non-growing-stock trees, and

the remaining 7 percent was in trees less than

5.0 inches d.b.h. As expected, deciduous

species dominated in Indiana in 2000,

accounting for about 98 percent of all

biomass.

Forest Health

Indiana forests have sustained damage from a

variety of agents over the years. Many of these

agents have the potential to cause significant

impact to the resource, but most of the long-

term impact is more subtle, causing growth

loss, defect, and under high stress conditions,

mortality. An in-depth analysis of the status of

Indiana’s forests from a health and

sustainability perspective is available at:

http://www.na.fs.fed.us/spfo/fhm/fhh/fhh-

01/in/in_01.htm.  
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Figure 4. — Growing-stock volume in Indiana by inventory year.
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The Indiana Department of Natural Resources

Division of Forestry and the USDA Forest

Service’s State and Private Forestry Forest

Health Protection Program work in concert to

annually evaluate the health and condition of

Indiana’s forests. Current known pests

identified through this cooperative effort

include the gypsy moth, eastern tent

caterpillar, oak wilt, jumping oak gall, locust

leaf miner, white pine weevil, oak tatters,

white pine root decline, butternut canker, ash

decline, and pine shoot beetle.

Indiana’s gypsy moth management program is

holding gypsy moth in place in the extreme

northern portion of Indiana judging from the

number of male moths detected and the

location of positive traps in 2001 (see

tabulation below). 

An epidemic of the jumping oak gall

discolored the white oak in the forests of

south central Indiana in May and June of

1999—the first occurrence of this gall in

Indiana's forests. Jumping oak gall forms in

late May and early June on the underside of

the foliage. One or more species of a Cynipid

wasp (Neuroterus spp.) form the gall that

causes the leaves to yellow and turn brown.

The damage in 1999 started along the Ohio

River and went north through Perry County

extending to Martin and Lawrence Counties

and east to Washington County. The gall was

also reported in the middle of the State—

Johnson, Hendricks, and Wayne Counties. An

aerial survey estimated that white oak was

discolored on one million acres of forest land.

The gall was still present in 2000 and 2001

but did not discolor the white oak.

In 2000 and 2001, the eastern tent caterpillar

was at epidemic levels in Indiana, causing

moderate to complete defoliation of black

cherry in the southern and south central parts

of the State. Trees were defoliated in every

location from fence row to forest. Most forest

land in south central Indiana experienced

some level of eastern tent caterpillar

defoliation if black cherry was present.  

Butternut canker affects butternut trees

throughout the State. Since 1995, landowners

have reported nine butternut trees that may be

tolerant or resistant to the disease. Although

work limitations have slowed the screening of

reported trees, landowners are still encouraged

to locate and report healthy butternut trees to

their district forester, forest health specialist,

or the Indiana Division of Forestry.

Procera root rot (white pine root decline) has

been killing white pine across the State for the

past 10 years. It continues to kill windbreak,

yard, and plantation trees. This disease is the

7

Number of gypsy moths trapped in Indiana each year by the Indiana Department of Natural Resources Forestry

Division and the Forest Service’s Northeastern Area State and Private Forestry

Year 1996 1997 1998 1999 2000 2001

Number of moths 5,798 61,994 81,995 13,498 5,881 14,031



most common forest pest for which land-

owners request assistance. Trees from 4 to 30

feet tall and 3 to 6 inches in diameter are

commonly killed. Trees can turn brown at any

time of the year, but do so more commonly in

the spring and fall. Infected trees appear light

green and sparse or thin at first, and soon turn

brown. Most landowners do not recognize the

early symptoms of the disease. They usually

see the dead brown tree and sawdust from

woodborers that attack the dead tree. The

disease can be managed through sanitation

measures, but there is no cure or preventative

treatment.

The drought of 1999 and localized droughts of

previous years continue to have an effect on

the forests of Indiana. Since 1999, and

continuing through 2001, reports of dying

oaks, ash, and yellow-poplar have been

received, mainly from southern Indiana. The

decline and mortality may be greater for

yellow-poplar than for the oaks or other

species. Yellow-poplar develops cankers on the

main branches of the tree crown. Gradually

the top dies back and the tree eventually dies.

Following death, the bark quickly falls off, the

top decays, and the heartwood may develop a

dark stain. There is no information from prior

droughts to help guide management for

yellow-poplar. Experience from the 1987/1988

drought and the forest tent caterpillar and

looper epidemics of the late 1970s and early

1980s found that black oak died first followed

by scarlet, red, and then other oak species.

The disease “ash yellows,” a disease more

commonly found in the Northern and Lower

Wabash FIA Inventory Units, also influences

the ash mortality associated with drought. 

Although oak wilt occurs across the State, it is

most common and the most evident killer of

red oak trees in the western half of the

Northern Unit. Oak wilt was confirmed from

black and red oak in one location in Grant

County in 2001, which was the first

confirmed identification of the fungus in this

County. Oak wilt has been detected in 62

counties since the disease was first reported

over 50 years ago (fig. 5). Oak wilt occurred

in spots in one forest; it apparently had been

there for 2 years before it was discovered

because it had already killed some oaks. The

location had both means of oak wilt spread:

root graft transmission between oaks and

insect spread to an isolated red oak. 

Summary

Indiana’s forest resources appear to be

reasonably healthy, but there are concerns as

the resource continues to age and grow more

susceptible to invasive insect species. As

additional data become available from ensuing

annual inventories, a clearer picture of the

trends in Indiana’s forests will emerge.

Additional data related to the most recent

three inventories of Indiana (1986, 1998,

2000) are available at:

www.ncrs.fs.fed.us/4801/fiadb/index.htm.  
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9

Figure 5. — Counties in Indiana with oak wilt present in 2001 (Source: USDA Forest Service, State and

Private Forestry Forest Health Protection Program).
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APPENDIX

Inventory Methods

Miles (2001) provides a full description of the

NCFIA annualized inventory methods for

Indiana. Since the 1998 inventory of Indiana,

several changes have been made in NCFIA

inventory methods to improve the quality of

the inventory as well as 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 geographical

regions, combined with national legislative

mandates, resulted in NCFIA’s implementation

of an annual inventory system. Indiana was

one of the first States in the North Central

region, and one of the first States in the

Nation, to be inventoried with this new

system, beginning with the 1999 inventory.

With an annual inventory system, about one-

fifth of all field plots are measured in any one

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 1999 through 2004 or for

2001 through 2006. While there are great

advantages for an annual inventory, one

difficulty is reporting on results in the first 4

years. With the 2000 inventory, only 40

percent of all field plots have been measured.

Sampling error estimates for the 2000

inventory results are area of forest land 2.90

percent, area of timberland 2.99 percent, 

number of growing-stock trees on timberland

5.53 percent, volume of growing stock on

timberland 4.53 percent, and volume of

sawtimber on timberland 5.28 percent. These

sampling error estimates are considerably

higher than those for the last periodic

inventory completed in 1998 (i.e., 1.59

percent for timberland area and 2.18 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. As each

measurement year is completed, the precision

of estimates will improve.

Other significant changes between inventories

include the implementation of new remote

sensing technology, the implementation of a

new field plot design, and the gathering of

additional remotely sensed and field data. The

advent of remote sensing technology since the

previous inventory in 1998 has allowed

NCFIA to use computer-assisted classifications

of Multi-Resolution Land Characterization

(MRLC) data and other available remote

sensing products to stratify the total area of

the State and to improve estimates. Inventories

in Indiana before 1998 used manual

interpretation of aerial photos to stratify the

sample in 1950, 1967, and 1986. The 1998

stratification was based on the Gap Analysis

Program (GAP) classification of satellite

imagery.

New algorithms were used in 2000 to assign

forest type and stand-size class to each

condition observed on a plot. These

algorithms are being used nationwide by FIA
10



to provide consistency among States and will

be used to reassign the forest type and stand-

size class of every plot measured in the 1998

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, equations used to assign

stocking values to individual trees, definition

of nonstocked (stands with a stocking value

of less than 10 percent for all live trees), and

names given to the forest types changed with

the new algorithms. As a result, comparisons

between the published 1998 inventory results

and those published for the 2000 inventory

may not be valid. For additional details about

algorithms used in both inventories, please

contact NCFIA.

Sampling Phases

The 2000 Indiana survey used a two-phase

sample for stratification that included

remeasuring inventory plots from the 1998

inventory and measuring new field plots.

Two-phase sampling, also called double

sampling, consists of a phase 1 sample to

estimate area by strata and a phase 2 sample

to estimate the average value of parameters of

interest within these strata. The estimated

population total for a parameter is the sum

across all strata of the product of each

stratum’s estimated area and the parameter’s

estimated mean per unit area.

The only land that could not be sampled was

private land where field personnel could not

obtain permission from the owner to measure

the field plot. The methods used in the

preparation of this report make the necessary

11

adjustments to account for sites where access

was denied or hazardous. Fortunately, there

were no denied access plots in 1999 and only

2 denied access plots in 2000.

Phase 1

The 2000 inventory used a computer-assisted

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/nonforest edge formed two

additional strata—forest/nonforest and

nonforest/forest. Forest pixels within 60 m on

the forest side of a forest-nonforest boundary

were classified into forest/nonforest strata.

Pixels within 60 m of the boundary on the

nonforest side were classified into

nonforest/forest strata. An overlay of all

national forest land was used to identify all

lands owned by the Hoosier National Forest.

These national forest lands were treated

separately but were also stratified into one of

the above four strata. Stratification and

estimation were conducted at the State level

for national forest lands and at the FIA

Inventory Unit level for other lands. In the

national forest stratum, forest and

forest/nonforest strata were combined.

Phase 2

Phase 2 of the inventory consisted of the

measurement of the annual sample of field

plots in Indiana. Current FIA precision

standards for annual inventories require a

sampling intensity of one plot for

approximately every 6,000 acres. FIA has

established a grid that divides the entire area

of the United States into non-overlapping

hexagons, each of which contains

approximately 5,937 acres (McRoberts 1999).

A grid 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 as the grid

plot; (2) if no FHM plot fell within a hexagon,

the existing NCFIA plot from the 1998

inventory nearest the hexagon center was

selected as the grid plot; and (3) if neither

FHM nor existing NCFIA plots fell within the

hexagon, a new NCFIA plot established at the

hexagon center was selected as the grid plot

(McRoberts 1999). This grid of plots is

designated the Federal base sample and is

considered an equal probability sample; its

measurement in Indiana is funded by the

Federal government. 

The total Federal base sample of hexagonal

grid plots was systematically 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 random sample of all land in a

State. Field crews measure vegetation on plots

forested at the time of the last inventory and

on plots currently classified as forest by

trained photointerpreters using aerial photos

or digital ortho-quads.

NCFIA has two categories of field plot

measurements—phase 3 plots (FHM plots)

and phase 2 field plots—to optimize our

ability to collect data when available for

measurement. Both types of plots 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
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the full suite of measures associated with

phase 2 plots. Phase 3 plots must be

measured between June 1 and August 30 to

accommodate the additional measurement of

non-woody understory vegetation, ground

cover, soils, and other variables. We anticipate

that in Indiana the complete 5-year annual

inventory will involve about 60 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

Indiana, the complete 5-year annual inventory

is expected to involve about 860 phase 2

forested plots. The 1999/2000 annual

inventory results represent field measures on

290 timberland, 6 other forest land, and 143

non-forest land plots.

The new national FIA 4-point cluster plot

design (fig. 6) was first used for data

collection during the 1998 inventory of

Indiana. This design was also used in the

1999 and 2000 inventories and will be used

in subsequent years. The national plot design

requires mapping forest conditions on each

plot. Due to the small sample size (20

percent) each year, precision associated with

change factors such as mortality will be

relatively low. Consequently, we will not

report change estimates until at least three

annual panels have been measured, and even

then we anticipate that estimates of change

will be limited in detail. When the complete

annual inventory has been implemented in

2004, 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. The center of the new

plot is located at the same point as the center

of the previous plot if a previous plot existed

within the sample unit. Trees with diameter at

breast height (d.b.h., or 4.5 feet above ground

level) 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, land use,

ownership, and density. 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.
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Field plot measurements are combined with

phase-1 estimates in the compilation process

and table production. The number of tables

generated from a single year’s data is limited.

However, as additional annual inventories are

completed, the number of tables will increase

until year 5, when all statewide inventory

summary tables will be available in both

printed and electronic formats. For additional

information, contact:

Program Manager

Forest Inventory and Analysis

North Central 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

Figure 6. —Current NCFIA field plot design.
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Results of the 2000 annual inventory of Indiana show that the previous
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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 qual-
ity of people’s lives.

For further information contact:

MISSION STATEMENT

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

North Central 
Research Station
USDA Forest Service

1992 Folwell Ave., St. Paul, MN  55108

The Forest inventory and Analysis web site is:

www.fia.fs.fed.us




