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The North Central Research Station’s Forest

Inventory and Analysis (NCFIA) program

began fieldwork for the fourth forest invento-

ry of Iowa’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 meas-

ured each year. A complete inventory consists

of measuring and compiling the data for all

plots in all five panels. Once all panels have

been measured, each will be remeasured

approximately every 5 years. For example, in

Iowa, the field plots measured in 2003 will be

remeasured in 2008.

In 2003, NCFIA completed measurement of

the fifth panel of inventory plots in Iowa. The

2003 panel, along with those completed in

1999, 2000, 2001, and 2002 completed data

collection for the fourth inventory of Iowa’s

forests. Previous inventories of Iowa’s forest

resource were completed in 1954, 1974, and

1990 (Leatherberry et al. 1992, Spencer and

Jakes 1980, Thornton and Morgan 1959). To

expedite the reporting of findings from Iowa’s

fourth inventory, this 2003 annual report con-

tains summary information from the fourth

forest inventory, along with 12 core tables.

More tabular data from the fourth inventory

of Iowa can be gathered through the FIA

Mapmaker program Web site at

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

subsequent, comprehensive analytical report

will be developed from the fourth Iowa inven-

tory, addressing issues of concern and identi-

fying trends in the State’s forest resources. 

Data from new inventories are often com-

pared 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 Iowa

inventory in 1990 (Leatherberry et al. 1992).

Although these changes will have little impact

on statewide estimates of forest area, timber

volume, and tree biomass, they may have sig-

nificant impacts on plot classification variables

such as forest type and stand-size class. To

estimate growth, removal, and mortality, the

1990 inventory was processed using estima-

tion/summary routines for the 1999–2003

inventory. Although these changes allow limit-

ed comparison of inventory estimates among

separate inventories in this report, it is appro-

priate to directly compare portions of the

1999-2003 data with those published for earli-

er inventories.

RESULTS

Area 

There are 36 million acres of land in Iowa.

Forest land totals nearly 2.7 million acres, or

about 8 percent, of the State’s total land area

(table 1). Timberland1—forest land that is not

restricted from harvesting by statute,

administrative regulation, or designation and is

capable of growing trees at a rate of 20 cubic

feet per acre per year—at 2.6 million acres

accounts for 96 percent of all forest land in

Iowa (table 2). The remaining 4 percent (100

1
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thousand acres) of forest land that is not

timberland is classified (1) Reserved forest

land: land restricted from harvesting by

statute, administrative regulation, or

designation (conservation areas, etc.), or (2)

Other forest land: land not capable of growing

trees at a rate of 20 cubic feet per acre per

year.

Timberland area in Iowa declined from the

1950s and reached its nadir during the 1970s.

Since then, it has increased (fig. 1). The

rebound in timberland area occurred because

of the decline in the farm economy in the

1970s and 1980s that resulted in pastures and

marginal agricultural lands reverting to

timberland. The establishment of trees along

riparian areas, and initiatives such as the

Conservation Reserve Program, also

contributed to the increase in Iowa’s

timberland area. In 2003, timberland area in

Iowa slightly exceeded what was present in

1954 (fig. 1). 

Private ownerships hold nearly 9 of every 10

acres of timberland in Iowa (table 2). The

remaining timberland area is publicly owned.

Although there are far fewer public acres of

timberland, those lands provide a number of

societal benefits, including land for public

hunting and other recreation, wildlife habitat,

watershed protection. 

Iowa’s timberland supports a largely hard-

wood forest—96 percent of all timberland

area is classified as hardwood forest type

groups (table 2). The State’s timberland is

largely classed in the oak/hickory, the

elm/ash/cottonwood, and the maple/beech/

birch forest type groups (table 3, fig. 2). In

the oak/hickory group, the white oak/red

oak/hickory forest type (565 thousand acres)

predominates, followed by the mixed upland

hardwoods (405 thousand acres). In the

elm/ash/cottonwood group, the forest type

sugarberry/hackberry/elm/green ash (293

thousand acres) predominates. The sugar

maple/beech/yellow birch (144 thousand

acres) and hard maple/basswood (157 thou-

sand acres) forest types dominate in the

maple/beech/birch group. Eastern redcedar is

the dominant coniferous species in Iowa’s for-

est, but the eastern redcedar type accounts

for only 1 percent (32 thousand acres) of the

total timberland area. However, eastern red-

cedar often is mixed in with hardwoods in

the oak/pine forest type group. In total, east-

ern redcedar has a significant presence in an

estimated 69 thousand acres of timberland in

Iowa. 

2
Figure 1.—Area of timberland in Iowa by inventory year, 1954–2003. (The vertical line at the top of

each bar represents the sample error associated with each inventory.)
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Stand-size class, a measure of the average

diameter of the dominant trees in a stand,

reflects the size structure of stands. There are

three stand-size classes: sawtimber, poletim-

ber, and sapling/seedling. The area classified

as sawtimber—stands with a plurality of

stocking in trees more than 11.0 inches in

diameter at breast height (d.b.h., 4.5 feet

above ground level) for deciduous species and

9.0 inches d.b.h. for conifers—accounts for 64

percent of the timberland area in Iowa (table

3. Although timberland area increased in

Iowa, the area of sapling/seedling stands

remained virtually unchanged between inven-

tories, and in 2003 accounted for 11 percent

of timberland area (fig. 3). 

The substantive sawtimber area is indicative of

a mature forest. However, the relatively high

proportion of sapling/seedling area in the east-

ern redcedar and the eastern redcedar/hard-

wood types is indicative of an expanding east-

ern redcedar resource.  

3

Figure 2.—Area of timberland in Iowa by forest type group, 2003.
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Figure 3.—Area of timberland in Iowa by stand-size class, 1954–2003.
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Volume

Total net volume of all live trees on forest land

in Iowa is 3.8 billion cubic feet, which equates

to nearly 1,433 cubic feet per acre of forest

land (table 4). Net volume is the amount of

soundwood computed from a 1-foot stump to

a 4-inch top diameter outside bark for live

trees at least 5 inches d.b.h. Almost 9 (86 per-

cent) of every 10 cubic feet of live volume are

on privately owned forest land. Virtually all—

99 percent—of net volume of all live trees is

contained in hardwoods, and 31 percent is in

oak trees—mostly bur oaks, white oaks, and

northern red oaks.

Growing-stock volume on timberland is a

measure that has traditionally been used to

ascertain wood volume useful for commercial

purposes. Growing-stock volume is the

amount of solid wood on timberland in com-

mercial trees 5.0 inches d.b.h. and over, from

1 foot above ground (stump) to a minimum 4-

inch top diameter with deductions made for

poor form or defect. Growing-stock volume

excludes rough, rotten, and dead trees and

noncommercial tree species. Iowa’s growing-

stock volume totals 2.9 billion cubic feet, rep-

resenting 76 percent of the total live volume

(table 5). Twenty-two percent of volume of all

live trees on timberland is in live cull trees—

844.6 million cubic feet. Cull volume is often

used for commercial purposes. For instance,

rough trees are sometimes used to make pal-

lets or for chipping. Dead trees are also used

for commercial purposes—they are an impor-

tant source of firewood. Salvable dead trees

contain 94 million cubic feet of wood volume.

Salvable dead trees are also used for commer-

cial purposes—they are an important source

of firewood and are important to wildlife

species such as cavity nesting birds. 

One-half of total growing-stock volume is in

trees in the oak/hickory forest type group.

When this group is combined with the

elm/ash/cottonwood and the

maple/beech/birch groups, 99 percent of all

growing-stock volume is accounted for (table

6). Growing-stock volume present in the soft-

woods amounts to less than 1 percent (11.7

million cubic feet) of Iowa’s growing-stock

volume. However, growing-stock volume for

all softwood species amoounts to 1 percent

(30.8 million cubic feet) of total growing-

stock volume because softwoods are some-

times present in hardwood stands (table 6). 

Seventy-eight percent of growing-stock vol-

ume is in trees that are 11 inches d.b.h. and

larger (table 7). Twenty-three percent of the

total growing-stock volume is in trees that are

21 inches d.b.h. and larger, most of this vol-

ume is in various oak species. Also, eastern

cottonwoods have significant volume in large

diameter trees—70 percent of eastern cotton-

wood growing-stock volume is in trees that

are 21 inches d.b.h. and larger. Cottonwoods

account for 34 percent of total volume in

trees 21 inches d.b.h. and larger. 

Since the 1974 inventory, growing-stock vol-

ume on Iowa’s timberlands has increased with

each succeeding inventory (fig. 4). The

increase in growing-stock volume reflects a

forest where larger trees continue to increase

in volume. For example, between 1990 and

2003, growing-stock volume in trees with

diameters 19 inches or greater increased from

414 million cubic feet to 929 million cubic

feet.

Sawtimber volume, a subset of growing-stock

volume, is the volume of the saw log portion

of live sawtimber measured in board feet.

Sawtimber volume is generally measured with

the International 1/4-inch rule. Sawtimber

volume in Iowa totals 10.5 billion board feet

(table 8). Virtually all sawtimber volume is in

hardwood trees; 1 percent of sawtimber vol-

ume is in softwoods. On an individual species

basis, five species account for 55 percent of

the sawtimber volume in Iowa: eastern cot-

tonwood with 1.5 billion board feet; silver

maple with 1.1 billion cubic feet; white oak

with just under 1.2 billion board feet; north-

ern red oak with 1.0 billion board feet; and

4



and limbs. Ninety-nine percent (103 million

dry tons) of all live aboveground tree biomass

is in hardwood species. Biomass estimates are

increasing in importance for analyses of ques-

tions relating to carbon sequestration, wood

fiber availability for fuel, and assessment of

fuel loads in forest stands. 

Growth, Removals, and Mortality

The growing-stock volume on Iowa’s timber-

land grew an average, 117.5 million cubic feet

per year between 1990 and 2003 (table 10).

Hardwood growth accounts for virtually all

(98 percent) of the total average annual

growth of growing stock. Softwood growth

was nearly 1.9 million cubic feet per year.

Other eastern soft hardwoods, the species

group that contains hackberry and elms, had

a growth rate of 23.3 million cubic feet per

year. Two of the other fastest growing species

groups in Iowa were select white oaks at 21

million cubic feet per year and soft maple at

15.3 million cubic feet per year.  

5

bur oak with 950.1 million board feet. Of total

sawtimber volume, 29 percent is in trees with

diameters of 21 inches d.b.h. or larger. And,

among trees of those diameter classes, eastern

cottonwoods alone account for 35 percent of

net volume of sawtimber on timberland.

Biomass

Live aboveground tree biomass in Iowa’s tim-

berland area was estimated to be 104.2 million

dry tons (an average of 40 dry tons per acre of

timberland) in 1999–2003. All live above-

ground tree biomass is estimated for growing-

stock trees, non-growing-stock trees, and all

live 1- to 5-inch d.b.h. trees (table 9). Sixty-

nine percent of tree biomass is in growing-

stock trees, with an additional 25 percent in

non-growing-stock trees and the remaining 6

percent in trees less than 5 inches d.b.h. For

both growing-stock and non-growing-stock

trees, nearly three-fourths of total above-

ground biomass is in the boles. The remaining

aboveground biomass is in the stumps, tops,

Figure 4.—Growing-stock volume on timberland in Iowa, 1954-–2003. (The vertical line at

the top of each bar represents the sample error associated with each inventory.)
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Average annual removals of growing stock on

timberland totaled 25.5 million cubic feet per

year (table 11). Hardwood removals were

25.2 million cubic feet per year. Softwood

removals were 250 thousand cubic feet per

year, or about 1 percent of the total. Removals

from private ownerships totaled 24.5 million

cubic feet per year, virtually all of the

removals. Select red oaks had the highest

average annual removals, at 6.2 million cubic

feet per year followed by select white oaks at

4.1 million cubic feet per year.  

Average annual mortality of all growing stock

on timberland from 1990 to 2003 was 24.5

million cubic feet per year (table 12). Ninety-

nine percent of the total, or 24.3 million

cubic feet per year was among hardwooods,

while the remaining 171 thousand cubic feet

per year was in softwoods.

Across all species groups, the other eastern

soft hardwoods group that contains elm

species had the most mortality at 7.9 million

cubic feet per year, or 32 percent of total mor-

tality. The amount of mortality in this group is

probably a result of Dutch elm disease that

has expanded throughout the State. The oak

species groups accounted for 20 percent of

total average annual mortality. Oak mortality

is the result of oak wilt and general oak

decline that is present in Iowa. The forest

health discussion below provides more infor-

mation about the causes of tree mortality in

Iowa.

Forest Health 

The information presented about pathogens

and insects affecting Iowa’s forest was

obtained from the National Forest Health

Monitoring (FHM) program Web site at:

http://www.na.fs.fed.us/spfo/fhm/index.htm.

There are several forest health concerns in

Iowa. In 2003, white oak decline increased in

19 counties of northeast Iowa. White oak

decline was identified as the most serious for-

est health concern in the region. This situa-

tion is being investigated through a joint Iowa

Department of Natural Resources and USDA

Forest Service study. Crown and stem sam-

ples were collected and are being analyzed for

various fungi at the plant diagnostic laborato-

ry at Iowa State University.

In 2003, oak wilt infection continued to be a

problem, especially in southeast Iowa. Oak

wilt caused by the fungus Ceratocystis

fagacearum invades the water conducting tis-

sues (xylem) of oak trees and causes the

foliage to wilt and die. Oak wilt is spread via

root grafts and sap-feeding nitidulid beetles.

Although there is no cure for oak wilt, con-

trol strategies such as preventing tree wounds

during high infection periods (March 1 to

June 1), cutting or killing roots of infected

trees, and killing oak trees surrounding the

infected trees all appear to have some use in

management and prevention. Sanitation of

dying and dead oaks before oak wilt fruiting

bodies appear in the following spring reduces

the risk of overland spread. High-value oaks

can be protected through systematic injec-

tions of a fungicide, which has become more

available through local tree care companies.

The gypsy moth, an exotic species that defoli-

ates trees and shrubs, increased significantly

in Iowa during 2003. During 2003, over

3,500 field traps yielded 159 moths, an

increase over 2002. Although gypsy moth is

not yet widespread as viable breeding popula-

tions in Iowa, increasing activity points to the

need to continue to treat and eradicate early

moth arrivals.

Dutch elm disease caused by the fungus con-

tinues to be present throughout the State. In

Iowa’s forest stands, Dutch elm disease occurs

in trees located along small and scattered

drainages. Insects spread the disease over

land from infected to healthy trees.

General tree decline or dieback is a problem

in some forest stands. Scattered

dieback/decline in native white and green ash

is a problem in about one-third of Iowa’s

counties, mostly in central and eastern Iowa.
6
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The exact cause of ash dieback/decline is not

known. Drought conditions over much of

Iowa in 2003 affected trees, especially in

southwest Iowa where an extensive area of

oak appears to be stressed. 

Invasive plant species are an emerging forest

health problem in Iowa. Invasive plant species

can overtake native plants and threaten eco-

logical diversity. A woodland invasive species

survey is underway in Iowa to map the loca-

tion and severity of garlic mustard, buck-

thorn, bush honeysuckle, and multiflora rose.

These four plants are currently Iowa’s primary

woodland invaders. The invasive species sur-

vey is being conducted through the coopera-

tive efforts of the Department of Forestry at

Iowa State University, and the Iowa

Department of Natural Resources, Bureau of

Forestry. The project is funded through a

grant from the USDA Forest Service. 

Summary

Iowa’s forest area is expanding, continuing a

trend that started in the 1970s. Growing-

stock volume is increasing as the forest con-

tinues to mature. Iowa’s forest resources are

reasonably healthy, but there is concern as

the resource continues to age and become

more susceptible to various tree maladies.

Invasive insects and plants are an emerging

forest health concern in Iowa. As additional

data become available from ensuing annual

inventories, a more precise picture of the

direction of Iowa’s forests will emerge.

Additional data related to the two most

recent inventories of Iowa (1990 and 2003)

are available at: 

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



8

Other significant changes between inventories

include new remote sensing technology, a new

field plot design, and additional remotely

sensed and field data. The advent of remote

sensing technology since the previous invento-

ry in 1990 has allowed NCFIA to use comput-

er-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 the

precision of estimates. Previous inventories in

Iowa used manual interpretation of aerial pho-

tos to stratify the sample (1954, 1974, and

1990). 

New algorithms were used in 2003 to assign

forest type and stand-size class to each condi-

tion observed on a plot. These algorithms are

being used nationwide by FIA to provide con-

sistency among States and will be used to reas-

sign the forest type and stand-size class of

every plot measured in the 1990 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 com-

puted. The list of recognized forest types,

grouping of these forest types for reporting

purposes, models used to assign stocking val-

ues to individual trees, definition of non-

stocked, and names given to the forest types

changed with the new algorithms. As a result,

comparisons between the published 2003

inventory results and those published for the

1990 inventory may not be valid. For addi-

tional details about algorithms used in both

inventories, please contact NCFIA.

Sampling Phases

The 2003 Iowa 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 measurement.

The second phase measured the traditional

FIA suite of mensurational variables, and the

APPENDIX

Inventory Methods

Since the 1990 inventory of Iowa, several

changes have been made in NCFIA inventory

methods to improve the quality of the invento-

ry as well as meet increasing demands for time-

ly forest resource information. The most signifi-

cant difference between inventories is 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 regions, com-

bined with national legislative mandates, result-

ed in NCFIA’s implementation of an annual

inventory system. Iowa was one of the first

States in the North Central region, and 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 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 1999 through 2003 or for 2002 through

2006. Sampling error estimates for the 2003

inventory results are area of forest land, 2.8

percent; area of timberland, 2.9 percent; num-

ber of growing-stock trees on timberland, 4.9

percent; volume of growing stock on timber-

land, 5.2 percent; and volume of sawtimber on

timberland, 6.1 percent. These sampling error

estimates are higher than those for the last

periodic inventory completed in 1990 (i.e., 1.9

percent for timberland area and 3.2 percent for

growing-stock volume) because of the smaller

sample sizes. Therefore, caution should be

used when comparing the results of this inven-

tory with those of the past. Additionally, all

conclusions based on this inventory must be

tempered by the sampling errors that corre-

spond with all estimates from this inventory.
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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 designated the Federal base sample

and is considered an equal probability sam-

ple; its measurement in Iowa is funded by

the Federal government.

The total Federal base sample of plots was

systematically divided into five interpenetrat-

ing, 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 purposes, the measurement of

each panel of plots may be considered an

independent systematic 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 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 available for measurement. Both types

of plot are uniformly distributed both geo-

graphically and temporally. Phase 3 plots are

measured with the full suite of FHM vegeta-

tive and health variables (Mangold 1998) col-

lected 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 the additional

measurement of nonwoody understory vege-

tation, ground cover, soils, and other vari-

ables. The 1999-2003 annual inventory

results represent field measures on 526 phase

2 forested plots and 28 phase 3 field plots. 

The new national FIA plot design (fig. 5) was

first used for data collection in Iowa in 1999,

the first annual inventory year. This design

was also used in the 2000-2003 inventories

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 field 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. 

Phase 1

The 2003 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 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 clas-

sified into a forest edge stratum. Pixels within

60 m of the boundary on the nonforest side

were classified into a 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 vari-

able’s estimated 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 Iowa. 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 nonoverlapping

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

hexagon, the existing NCFIA plot from the

1990 inventory nearest the hexagon center
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and will be used in subsequent years. The

national plot design requires mapping forest

conditions on each plot.

The overall plot layout for the new design

consists of four subplots. The centers of sub-

plots 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 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

12 feet east of 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, owner-

ship, and density. Each condition that occurs

anywhere on any of the subplots is identified,

described, and mapped if the area of the con-

dition 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 pub-

lished tables generated from less than five

panels of data is limited. However, at

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

other tabular data can be generated. For addi-

tional information, contact: 

Program Manager

Forest Inventory and Analysis

North Central Research Station

1992 Folwell Ave.

St. Paul, MN  55108

or

Bureau Chief of Forestry

Iowa Department of Natural Resources

Bureau of Forestry 

Wallace State Office Building

502 East 9th Street

Des Moines, IA 50319-0034

Web site: http://www.iowadnr.com
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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.
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