
_ _,ooo°o°0°0 Foresl t_::_._,._:_for Minnesota'

North Central
Forest Experiment Pat MulTay
Station

Resource
Buletin 11C°131

Roseau La_
oi the
Woods

Beltrami

ltasca

08SS
Becket

Aitkin



This report includes the most cowEnorfl.y used Forest Inventory and .f_.alysis
statistics. However, additional forest resource data can be provided to

r_o_trnatio:_ that can beinterested users. Persons requesting additional i: '° .......
provided from the raw lnventoW data are expected to pay the retrY.oval costs.

These costs range from less than $100 for a relatively simple request t.o

$2,000 for a complex retrieval involving the services of a Forest Inventory
and Analysts computer prograrr_ner. Requests v_21 be filled so as to rnknl_.

mlze the impact on the Forest inventory and Analysis Work Unit

Requests for information may be directed to:

Project Leader

Forest Inventory and Analysis
North Central Forest Experiment Station
1992 Folwetl Avenue

St. Paul, Minnesota 55108
Phone: (612) 649-5i39

or

State Forester

Minnesota Department of Natural Resources
Forestry Division
P.O, Box 44

500 Lafayette Road
St, Paul, Minnesota 55146

Phone: (612) 296-6491

Area served: Illinois, Indiana, Iowa, Kansas, Michigan,
Minnesota, Missouri.. Nebraska, North Dakota_
South Dakota, Wisconsin

North Centr_ Forest ICxperiment Station
Forest Scrvice_UoS, Department of _rieult_e

199N YelweH Avenue
Sto Peul, Minnesota 55108

Manuscript appro_re¢l for publieatlon May 28o 1991
1991

/



FOREWORD

Forest Inventory and Analysis (FIA) is a continuing endeavor as mandated by
the Renewable Forest and Rangeland Resources Planning Act of 1974. Prior
inventories were mandated by the McSweeney-McNary Forest Research Act
of 1928. The objective of FIA is to periodically inventory the Nation's forest
land to determine its extent, condition, volume of timber, growth, and remov-
als. Up-to-date resource information Is essential to frame forest policies and
programs. USDA Forest Service regional experiment stations are responslble
for conductlr N these inventories and publishing summary reports for indi-
vidual States. The North Central Forest Experiment Station is responsible
for forest inventory and analysis in Illinois, Indiana, Iowa, Kansas, Michigan,
Minnesota, Missouri, Nebraska, North Dakota, South Dakota, and Wiscon-
sin.

Fieldwork for the Minnesota Northern Pine Unit forest inventory was begun
in July 1988 and completed in October 1990. Reports of four previous
inventories of Minnesota's timber resource are dated 1936, 1953, 1962, and
1977.

More accurate survey information was obtained during this survey than
otherwise would have been feasible because of Intensified field sampling.
Such sampling was made possible through the cooperation and assistance of
the Minnesota Department of Natural Resources (MDNR). Data for the
Northern Plne Unit were collected by contract crews hired and supervised by
the MDNR. To ald in determining current timber removals, the MDNR also
surveyed primary wood-using plants in the State.

Aerial photos used in the Northern Pine Unlt forest inventory were pur-
chased by the State from U.S. Geologlcal Survey. This photography was
from the National High Altitude Photography program (NHAP). In addition,
MDNR provided 35ram true color prints at a scale of 1:15,840 of all of the
1977 plot locations for disturbance detection.
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Forest Statistics for Minnesota's
Northe Pine Unit

Pat Murray

HIGHLIGHTS "Northwest Angle" In Lake of the Woods County.
The original vegetation of the Unit was almost

lgOT_: Data from new forest tnventor_.es are exclusively forest except for small areas of
often compared with dataffom earlier gnventor'bes native prairie in Hubbard, Becker, and Wadena

to determine trends _t forest resources. How- Counties. This forest included bIack spruce
ever, for the comparisons to be valid, the proce- and tamarack on the peat lands, red pine on the
dures used In the two inventories must be sfmt- gravelly moraines and till plains, and jack pine
tar. As a result of our ongoing efforts to improve on the outwash and along the Mississippi and
the efficiency and relgabflity of the inventory, Crow Wing Rivers. Heavier softs supported
several changes tn procedures and definitions balsam fir and white spruce in the northern
have occurred since 1977. Because some of reaches of the Unit with maple, basswood, and
these changes w_ make it Inappropriate to oak in the south. Magnificent white and red
directly compare the 1990 data with those pine stands exceeding 30 thousand board feet
published for 1977, data ffom the 1977 inventory per acre were not uncommon. Repeated log-
have been reprocessed usIng the 1990 proce- ging, fires, and settlement drastically altered the
dures. Please refer to the sect-ton labeled "Corn- character of the forest. Today's maturing
paring Minnesota's Fifth Inventory With the second- and third-growth forest supports all of
Fourth Inventory"for more details, The data tn the original tree species but in clearly different
this report are suibject to change when proportions, with many upland sites supporting
inventory data for the entire State have the pioneer species of aspen and birch. The
been complied, It t$ expected, however, that lowlands continue to be dominated by black
any such changes will be minor, spruce, balsam fir, tamarack, and black ash.

(_eneral Forest Area

The Northern Pine Survey Unit consists of 12 * The Northern PIne Unit contains 11.1 million
counties in north-central Minnesota {see cover), acres of land. The area of all forest land in

Two unique geographic features of this Unit the Unit has declined 2.7 percent since 1977
Include the headwaters of the Mississippi River to 6.3 million acres. The current forest area
in Itasca County and the northernmost point of Includes 34 thousand acres of reserved forest

the contiguous United States known as the land where harvesting is prohibited by statute
or admlnlstratAve designation.

Pat N1_rfay, Computer Specialist, began her , Ninety-four percent--6 million acres---of the
career with the Forest Service at the Bena %rest land in the Unit is classified as tlmber-

land. This is forest land that is capable of orRanger Station of the Chippewa NattonaJ Forest

in 1966. She joined North Central's Forest is pr6ducing 20 cubic feet or more of Indus°
triaI wood crops and Is not withdrawn from

Inventory and Analysis Unit as a Statistical timbei- harvesting° Between 1977 and 1990,Assistant in 1976. Pat retired in 1990 after 24
area of timberland In the Unit increased

years with the Forest Service. 217,100 acres.



T_T:_berland in the Northern Pine Unit has

remained relattvely stable .for the past 30

years (fig. 1). Although the proportion of the
I aspen t_e declined slightly over the past

three decades, it still comprises nearly 40

percent of the timberland with 2.4 million
acres. The areas of black spruce, northern
white-cedar, and tamarack timberland have

all increased by more than 25 percent since
1977. This increase is attributed to areas

classKied as unproductive in 1977 and re.,,
classified as marginally productive in 1990.

3 _1962 _1977 _ 1990
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D:;I_ :;:;:£ _ _'_ ® Of the 2.7 million acres of Umberland that ks

Softwood Aspen Other privately owned, 1.3 million acres are held by

types type hardwood miscellaneous individuals. Forest industries
types ovm 285 thousand acres. The area of farmer

owned timberland stands at 597 thousand

Figure 1 .---Area of timberland in the Northern acres, down from 1.3 million m 1977.
Unit by major forest type group, 1962,

I977, and 1990. • The area of sawtimber-size stands has k_-
creased by 716 thousand acres since 1977;
and the Unit is close to a balanced dkstribu-

• Fifty-four percents3.2 million acres--of the tion by stand-size class with 33 percent of
Unit's timberland is In public ownership (fig. timberland in sawtimber, 38 percent in
2). The largest owner is the State of Minne- poletimber, and 28 percent in seedling-
sota, with nearly 1.4 n_tilion acres, followed sapling stands.
by county and municipal governments with
1.2 million acres, and the Chippewa National Volume
Forest with 567 thousand acres. The North-

em Pine Unit has 17 percent of all timber- • The volume of timber in the Northern Pine
land owned by county and municipal govern- Unit totals 6.6 billion cubic feet, averaging
ments In the Nation. 1,102 cubic feet per acre, an increase of 31

percent since 1977.



SOFTWOODS HARDWOODS
(1.9 billion cubic feet) (4.6 bE/ioncubic feet)

hardwoods

Figure 3.--Volume of growing stock on timberland in the Northern Pine Unit by species group, 1990.

® Aspen accounts for 43 percent of the 4.6

billion cubic feet of hardwood growing stock _ 1977
in the Unit (fig. 3). Jack, red, and white pine National
account for 43 percent of the 1.9 billion cubic forest _ 1990
feet of softwoods.

o Sawtimber volume in the Northern Pine Unit State

stands at 15 billion board feet, up 42 percent

from 1977. Sawttmber volume averaged County &
2,512 board feet per acre in 1990. municipal

o The largest holder of growing-stock volume is Other

county and municipal governments with 1.4 public
billion cubic feet, averaging 1,180 cubic feet

per acre, of which about 75 percent is hard-
woods, industry

o State lands hold 1.2 billion cubic feet of

growing stock, averaging 997 cubic feet per Farmer
acre. Nearly one-thlrd of the volume on State
lands is lowland conifers such as black

spruce, tamarack, and northern white-cedar. Other

This Is Indicative of the fact that much of the privateState land is on poor wet sites.

1 2 3
The Chippewa National Forest contains 743
million cubic feet of growing stock (fig. 4). BiiJ]OnCUbiCfeet
Volume per acre on the National Forest is
1,310 cubic feet, highest for any ownership Figure 4.--Net volume of growing stock on tim-
class In the Unit. berland in the. Northern Pine Unit by owner-

ship class, 1977 and I990. 3

....



Timber Growth, Mortality, and Removals e Softwood growth averaged 50, 5 million cubic
feet, or 2.3 percent of the softwood inventory.

* Net annual growth of growing stock on tim- Hardwood growth averaged I 19.3 million
berland averaged 169.8 million cubic feet per cubic feet, or 2.2 percent of the hardwood
year from 1977 through 1989 (fig. 5). This is Inventory.
an average of 28.4 cubic feet per acre per

year. • Mortality of growlr_ stock averaged 92.3
million cubic feet per year from 1977 through
1989.

80 -/

[] Average annual growth ® Average annual removals of growing stock
[] Average annual mortality from timberland was 87.9 million cubic feet

El Average annual removals per year from 1977 through 1989, This Is 52

60 percent of average net annual growth.

* Softwood removals for the period averaged

21,2 million cubic feet. Hardwood removals
averaged 66, 7 million cubic feet.

= 40
o _ Current armua] growth of growing stock on

tkmberland was 212,3 m_ion cubic feet in

_ 1989, This is an average of 35.5 cubic feet
per acre per year, Current annual growth will

20 usually exceed average annual growth when
.:_i there is rapid maturation of second-growth

forests or in response to Increased manage-
ment on existing stands, Both of these

) situations are currently occurring throughout
- the Lake States.

Other

Softwoods Aspen hardwoods ® Aspen growth averaged 59.4 million cubic feet

Species Group from 1977 through 1989. Removals of aspen
averaged 44.8 million cubic feet per year.

Figure 5.--Average annual growlng-stock However, In 1989, aspen growth In the North-
growth, removals, and mortality on timberland ern PIne Unit was 66.5 million cubic feet and

removals was 76.4 million,
in the Northern Pine Unit by species group,
1977-1989.

® Total removals of growing stock on timberland
in 1988 stood at 117.5 million cubic feet--55

percent of current annual growth.

II i



APPENDIX

ACCURACY OF TKE SIYRVEY As survey data are broken down into sections
smaller than Survey Unit totals, the sampling

Forest Inventory and Analysis Information is error Increases. For example, the sampling
based on a samp_ procedure designed to error for timberland area in a particular county

provide reliable statistics at the State and is higher than that for total timberland area in
Survey Unit levels. Consequently, the reported the Unit. This tabulation shows the sampling
figures are estimates only. A measure of relta- errors for Unit totals. To estimate sampling
bfltty of these figures is given by sampling error for data smaller than Unit totals, use the
errors. These sampling errors mean that the following formula:
chances are two out of three that tf a 100-

percent inventory had been taken, using the
same methods, the results would have been (SEI j {Unit totalarea or voltage)

within the limits indicated. E =
J {Volume or area smaller than Unit total)

For example, the estimated growing-stock
volume in the Unit in 1990, 6,586.3 mflllon where:

cubic feet, has a sampling error of_+0.98 percent E = sampling error in percent
{__.64.5 million cubic feet). The growlng-stock SE = Unit total error for area or volume

volume from a 100-percent inventory would be

expected to fall between 6,521.8 and 6,650.8
million cubic feet (6,586.3 _+64.5, there being a For example, to compute the error on the area
one In three chance that this is not the case. of timberland In the elm-ash-soft maple in the

Unit, proceed as follows:
The following tabulation shows the sampling
errors for the Northern Pine Forest Inventory: The total area of elm-ash-soft maple type In

the U_ztt from table 3 = 488,000 acres

_tem Un_ totals Sampling
error The total area of all timberland in the Unit

from table 3 = 5,975,500

Growing-stock (Million cubic feet) (Percent)
Volume (1990) 6,58,6.3 0.98 The Unit total error for timberland area from
Average annuaJ growth the above tabulation = 0.49 percent

(1977-1989) 189.8 1.55
Average annual removats Using the above formula:

(1977-1989) 87.9 5.51

Sawtimber (Million board feet)
Volume (1990) 15,008.8 1.39 (0.49) J 5,975,500
Average annual growth Error =

(1977-1989) 603.1 1.74 J 488,100
Average annual removals

(1977-1989) 212.4 5.41
= +1.71 percent

Timberland (Thousand acres)
Area (1990) 5,975.5 .49



SIIRVEY PROCEDURES The growth model used in the Minnesota survey
design was the Lake States Stand and Tree

The 1990 Mirmesota survey used a growth Evaluation and Modeling System (STEMS) 2.
model-emhanced, two-phase sample design.

Using this sampling scheme and associated These were the major steps in the new survey
estimators is similar to sampling with partial design:
replacement (SPR), in that a set of randomly

located plots is available for remeasurement and 1. Aerial photography (Phase 1)
a random set of new plots is established and
measured. A significant feature of the new In this phase two sets of random points were
Minnesota design is stratification for dlstur- located on current aerial photography. The first
bance on the old sample and use of a growth is a set of new photo plots and the second is a
model to improve regression estimates made on set of relocated old ground plot locations from
old undisturbed forest plots (fig. 6). Detailed the 1977 inventory. Photos were 1:58,000 scale
descriptions of the sampling and estimation color infrared National High Altitude Photo pro-
procedures are presented by Hansen (1990)' gram (NHAP) prints purchased by the Minnesota

2 Belcher, David W.; Holdaway, Margaret R.;

' Hansen, Mark H. 1990. A comprehensive Brand, Gary J. 1982. A description of STEMS the
sampling system for forest inventory based on an Stand and Tree Evaluation and Modeling
individual tree growth model. St. Paul, MN: System. GerL Tech. Rep NC-79. St. Paul, MN: UoS.

University of Minnesota, College of Natural Department of Agriculture, Forest Service, North
Resources. 256p. Ph.D. Dissertation. Central Forest Experiment Station. 18 p.

m Remeasured

(1/3 of Undisturbed)

remeasure plot and update with STEMS

New inventory plots (compare STEMS plot with remeasured
(selected from new photo grid) plot to derive regression estimator to apply

to undisturbed non-¢emeasured plots)

Undisturbed plots

Not remeasured

(2/3 of Undisturbed)

Integrated STEMS _ _ t.pdat_withSTEMS (apply

inventory design regression estimator derived
from undisturbed remeasured

p_ots)

Old inventory plots
(transferred from old photo grid)

Disturbed plots
remeasure plot

m

Figure 6.--Overview of the Minnesota sample design.
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Department of Natural Resources (MDNR) from Photo Jand c_ass Photo plots
the U.S. Geological Survey. In addition, MDNR Timberland 29,729
provided 35ram true color prints at a scale of Reserved forest land 137
1:15,840 of all of the 1977 ground plot loca- Other forest land 2,015
tlons. These 35mm prints were used in addition Questionable 645
to the NHAP prints to help detect disturbances Nonforest with trees 1,218
in the 1977 ground plot locations. The year of Nonforest without trees 24,097

photography for each county in the Unit is Water _oSJ 12
shown below. Allclasses 65,953

Da_e 2. P!ot measurements (Phase 2)
County NHAP 35ram
Aitkin 1984-1985 1987 On plots classified as t_nbertand, wooded
Becket 1983-1984 1988 pasture, or windbreak (at least 120 feet wide), a
Beltrami 1981-1983 1987 ground plot was established, remeasured, or
Cuss 1981 t988 modeled. Old plots sent to the field for remeas-
Clearwater t982-1983 1987-1988 urement that could not be relocated were

Crow Wing 1981 1988 replaced with a new plot at the appro:,dmate
Hubbard 1984-1985 1988 location of the old one. Each ground plot
Itasca 1981 1987-1988 consists of a 10-polnt cluster covering approxi-
Lake of the Woods 1981-1982 1985 mately 11acre. At each point, trees 5.0 inches or
Mahnomen 1983-1984 1988 more in d.b.h, were sampled on a 37.5 Basal
Roseau 1982-1983 1988 Area Factor (BA2")varlable-radius plot, and trees
Wadena 1983 1989 less than 5.0 inches d.b.h, were sampled on a

1/300-acre fixed-radius plot. The measurement
The locations of the plots used in the 1977 procedure for the new and old sample locations
Inventory were transferred to these new photo- was as follows:
graphs. The photographs were then assembled
Into township mosaics, and a systematic grid of a. New inventory plots
121 one-acre photo plots [each plot representing
approximately 190.4 acres) was overlaid on each A random sample of the new photo plots was
township mosaic. Each of these photo plots selected for field measurement. Ground plots
was examined by aerial photogrammetrtsts and were established, and measures of current
classified stereoscopically based on land use. K classification such as land use, forest type, and
trees were present, forest type and stand-s/ze ownership as well as size and condition of all
density class were recorded. All of the 1977 trees on the plot were recorded. These locations
ground plot locations were also examined tbr were monumented for future remeasurement.
disturbance (logging, fire, catastrophic mortal-
Ity, etc.) with the aid of the 35mm photographs, b. Old inventory plots
After this examination, all the old "disturbed"

sample locations, a one-third sample of the old These plots were established, monumented, and
"undisturbed" sample locations, and a sample of measured as part of the 1977 field inventory.
the new photo plots were sent to the field for The procedures for these old plot locations were
survey crews to verify the photo classification different from those for the new plots. Old plots
and to take further measurements. All photo were classed as "undisturbed" or "disturbed" In
plot locations for the 1990 Inventory were the aerial photo phase of the sampling process.
exaxnlned for the Northern Pine Unit and were All disturbed plots and a one-third sample of
classified as shown in the following tabulation: the undisturbed plots were remeasured to

obtain estimates of current condition and

changes since the last inventory. All trees
measured on these plots In 1977 were
remeasured or otherwise accounted for, and all
new trees were Identified and measured.

7



All sample plots that were forested at the time of The STEMS growth model was used to "grow"
the 1977 inventory and determined to be un- the old plot and tree data to produce an
disturbed until this inventory were projected to estimate of current data. Thus, these plots were

the current time using STEMS. Thts procedure treated as ground plots, even though they were
gives projected estimates of current volume and never visited. The plot record for each modeled
growth for these undisturbed plots. The corn- plot was sent to the field for verification of
parison of the projected and observed values on current ownership information.
the one-thkrd sample of the undisturbed forest

plots that were remeasured provided local call- All old plots classified as disturbed were sent to
bratton data to adjust the projected values of the the field for remeasurement to assess and verify

undisturbed plots that were not remeasured, changes since the last inventory. Disturbance
The adjustment procedure is a modified version refers to any change on a plot that can be
of the method described by Smith 3. detected on aerial photos and that the STEMS

growth processor cannot predict, such as
The old sample plots that were not forested in catastrophic mortality, cutting, seedting stands,
1977 and were determined to be undisturbed and land use change°
until the current inventory (no evidence of

conversion to another land use) were also sub- The estimation procedure :for computing
sampled (field checked) at the one-third rate. statistics from this sampling design was more
Any changes in land use to forest detected on complicated than the simple two-phase
these plots were used to adjust the two-thirds estimation procedure used _ the past, In fact,
sample of these plots not field checked, The this procedure yielded two independent
field check of these points in the Northern Pine samples, one coming from the new photo points
Unit indicated that no adjustment was and the other from the old photo points that are
necessary, remeasured or modeled. The following

tabulation summarizes the dlstrfbution of all

The undisturbed plots that were not remeasured ground plots for the new inventory design by
play a crucial role In the new survey design, type of plot:
These plots, after careful examination
comparing past and current aerial photography,
were determined to be Undisturbed and had

conditions that could be simulated by STEMS.

3 Smite W. Brad. 1983. Adjusting the STEMS

regional growth models to improve local pre-
dictions. Res, Note NC-297. St. Paul, MN: U.S.

Department of Agriculture, Forest Service, North
Central Forest Experiment Station. 5 p.

Old plots Old plots New TotaJ
Ground land use class remeasured updated plots plots

Timberland 2,575 1,41 0 1,036 5,021
Reserved forest land 3 1 16 20
Other forest land 111 124 61 296
Nonforest with trees 146 59 47 252
Nonforest without trees 1,189 1,776 661 3,626
Water 222 386 301 909

Total 4,246 3,756 2,122 10,124



3. Area estimates Scribner log rule conversion factors were
derived from full tree measurements taken

Area estimates were made using two-phase throughout the Lake States {Michigan,
estimation methods. In this type of estimation, Wisconsin, and Minnesota} and an equation
a prelimJxlary estimate of area by land use is developed by Wtant and Castenaeda (1977) s.
made from the aerial photographs {Phase 1) and The factors {multipliers) used here to convert
corrected by the plot measurements (Phase 2). board foot International volumes to the Scclbner
A complete description of this estimation rule are shown in the following tabulation:
method ks presented by Loetsch and Haller
(1964) 4. D.B.H. Scrlbner ru_e conversion factor

(]aches} So,woods Hardwoods
Area estimates within the Chippewa National
Forest were determined In the same way as 9.0-10.9 0.7830
other lands but were verified by comparison 11.0-12.9 .8287 0.8317
with National Forest compartment examination 13.0-14.9 .8577 .86t 1

records maintained by the Forest Thmber 15.0-I 6.9 .8784 .8827
Management Staff. This is an Intensive area 17.0-18.9 .8945 .8999
inventory system in which, over a period of 19.0-20.9 .9079 .9132
years, each stand in the Forest Is mapped on 21.0-22.9 .9168 .9239
aerial photographs and then classified by 23.0-24.9 .9240 .9325
ground visits, 25.0-28.9 .9299 .9396

27.0-28.9 .9321 .9454
4. Volume estimates 29.0+ .9357 .9544

Estimates of volume per acre were made from 5. Growth and mortality estimates
the trees measured or modeled on the 10-point

plots. Estimates of volume per acre were On remeasured plots, estimates of growth and
multiplied by the area estimates to obtain mortality per acre come from the remeasured
estimates of total volume. Net cubic foot diameters of trees and from observation of trees

volumes are based on a modification of the that died between inventories. Growth reported
method presented by Hahn (1984) 5 for use In as the average net annual growth between the
the Lake States. For the Minnesota Inventory, two inventories (1977 and 1990) Is computed
the merchantable height equation presented from data on remeasurement plots and modeled

was used In conjunction with Stone's equation plots using methods presented by VanDeusen et
to estimate gross volume. This estimate was al. (1986) _. Mortality is also average net annual
then corrected by species for variation in bark for the remeasurement period. On new plots,
and cull volume to yield an estimate of net where trees were not remeasured, estimates of

volume, growth and mortality were obtained by using
STEMS to project the growth and mortality of

The Forest Service reports all board foot volume trees for I year. Growth and mortality
in International I/4-inch rule. In Minnesota, estimates for old undisturbed plots that were
the Scrlbner log rule ks commonly used. updated were derived in the same manner as

4 Loetsch, F.; Halter, K.E. 1964. Forest

inventory, volume I, stattst/cs of forest inventory 6 Wiant, Harry V., Jr.; Castenaeda, Froylan.
and _formation from aerial photographs. BLV 1977. Mesavage and Girard's volume tables
VedagsgeseUschafl Munch Basle Vienna. 436 p. formulated. BLM4. Denver, CO: U.S. Department

5 Hahn, Jerold 7". 1984. Tree volume and of Interior, Bureau of Land Management, Denver

biomass equations for the Lake States, Res. Pap. Service Center: 1-4.
NC-250. St. Paul, MN: U.S. Department of _VanDeusen, P.C.; Dell, T.R.; Thomas, C.E.
Agriculture, Forest Service, North Central Forest 1986. Volume growth estimation from permanent

Experiment Station. 10 p. horizontal points. Forest Science. 32:415-422.
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remeasured plots. The STEMS growth model Past surveys used only growing-stock trees to

was adjusted by Survey Unit to meet local determine stand-slze class. Current survey
conditions, using data from the undisturbed procedures require that stand-slze class be
remeasurement plots. As with volume, total determined on the basis of all live trees.
growth and mortality estimates were obtained Therefore, direct comparisons of current
by multiplying the per acre estimates by area Inventory data to old Inventory data by stand-
estimates. Current annual growth for 1989 was size class may be misleading.
computed by using the adjusted STEMS model
to grow all current Inventory plots for 1 year. The basic building block for estimating forest

area and timber volume has been changed from

6. Average annual removals estimates the Survey Unit to the county, In the past, the
statistics were developed at the Unit level and

Average annual growing-stock and sawtimber prorated back to the county on the basis of
removals (1977 to 1989) were estimated only photo-interpretation points, Direct development
from the remeasured plots; new plots were not of county-level data helps users interested in
used to estimate removals. These estimates are more precise local data, but can make the

obtained from trees measured in the last survey outcome of comparisons with past estimates
and cut or otherwise removed from the timber- uncertain.

land base. Because remeasurement plots make

up about one-half of the total ground plots, LOG GRADE
average annual removals estimates have greater
sampling errors than volume and growth In Minnesota the butt log of every sawtimber
estimates, sample tree was graded for quality on approxi-

mately one-third of the sample plots. The
COMPARING MINNESOTA'S FIFTH volume yield by log grade for species in this

INVENTORY sample was used to distribute the volume of
WITH THE FOURTH INVENTORY trees In the ungraded sample into log-grade

classes by species group.

The following paragraphs highlight some of the
procedural changes since the last inventory to Logs were graded on the basis of external char-
assist the reader in analyzing data from this acteristics as indicators of quality. Hardwood
report: species were graded according to "A guide to

hardwood log grading" 19738. The best 12-foot

A new volume estimation procedure was section of the lowest 16-foot hardwood log, or
developed for the Lake States (see Survey the best 12-foot upper section ff the butt log did
Procedures section), and this procedure was not meet minimum log-grade standards, was

used to compute the 1989 volumes and also to graded as follows:
recompute the 1977 volume for growth cal-
culations. Although the adjustment wiU differ
by Survey Unit and species, the recomputed s Rast, Everette Do; Sonderman, David L.;
1977 growing-stock and board foot volumes will Gammon, Glenn L. 1973. A guide to hardwood

generally be greater than those shown in the log grading. Gen. Tech. Rep_ NE-1. Upper Darby,
1977 report. PA: U.S. Department of Agriculture, Forest

Service, Northeastern Forest Experiment Station.
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Forest Service stand d grades for h dwood
facto logs

SpecLflcattons

Butts Butts & Butts &

Posttlon in tree only uppers Butts & uppers uppers

Scallng diameter_ inches 13-151 16-19 20+ 11+ 2 12+ 8+

Length without trim, feet 10+ 10+ 8-9 10-11 12+ 8+

Mtn. length, feet 7 5 3 3 3 3 3 2
Required
clear cutthngs 3
of each of three Max. number 2 2 2 2 2 3 No ]lmlt
best faces 4

MLn. proportion
of log length
requlredLn 5/6 5/6 5/6 2/3 3/4 2/3 2/3 1/2
clear cutting

Maximum For logs wlth
sweep & crook less than one-
allowance fourth of end in 15 percent 30 percent 50 percent

sound defects

For logs With
more than one-

fourth of end in I0 percent 20 percent 35 percent
sound defects

Maximum scaling deduction 40 percent s 50 percent s 50 percent

I Ash and basswood butts can be 12 inches tJ'they otherwise meet requirements for small #1's.
2 Ten-fitch logs of all species can be #2 If'they otherwise meet requirements for small #I 's.
a A clear cuttff_j is a portion olaf ace, extending the width of the face, that is free of defects.
4 A face ts one-fourth of the surface of the log as divided lengthwise.
s Otherwise #I logs with 41-60 percent deductions can be #2.
B Otherwise #2 logs with 51-60 percent deductions can be #3.

11
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Forest Service standard specifications for hardwood
construction logs (tie and timber logs) I

Position in tree Butts and uppers
Min. diameter, small end 8 inches +

Min. length without trim 8 feet
Clear cuttings No requirements
Sweep aUowance One-fou__ diameter at the small end or_h

8 feet of length.

Sound surface defects:

Single knots _Any number, if no one knot has an average dlameter
above the callus in excess of one-third of the log
diameter at point of occurrence.

Whorled knots Any number, ff the sum of knot diameters above the
callus does not exceed one-third of the log diameter at
point of occurrence.

Holes Any number, provided none has a diameter over one-
third of the log diameter at point of occurrence and
none extends more than 3 Inches into included
timber 2.

Unsound surface defects : Same requirements as for sound defects it"they
extend into included timber. No limit if they do not.

IThese specifications are mlnfmurn for the class. If, from a group of logs, factory logs are selected
first, thus leaving only nonfactory logs from which to select construction logs, then the quality range
of the construction logs so selected is limited, and the class may be considered a grade, If selection

for construction logs is gtven first priority, it may be necessary to subdivide the class into grades.
21ncluded timber is always square, and dimension is Judged frorn small end.

12



_G GRADES FOR EASTERN WHITE PINE

Tota_cull Allowable knot size(inches)2
Sweep allowance Maximum on three best faces or

Log Minimum size 1 or crook including weevi_ minimum clearness on
__rade Diamete_h allowance sweej2 injury_ four faces

(Inches) (Feet) (Percent) {Percent) (Number) [Inches)

1 12 & 13 8-16 20 50 0 Four faces clear full length

14+ 10-16 20 50 0 Two faces clear full length,
or four faces clear 50 percent

_8 feet min._3
2 6+ 8-16 30 50 0 Sound knots Le4D/6 and less

than 3 inchess

Unsound knots: 1.e.1-1/2 inches and
for: butt, logs t.e. D112upper
logs I.e.D/10, or four faces
clear 50 percent of lenn_gth

3 6+ 8-16 40 50 8-foot logs: Sound knots l.e.D/3 and
1 weevil less than 5 inches

10-foot+ logs: Unsound knots 1.e.D/6 and
2 weevils less than 2-1/2 inches

4 8+ 8-18 50 50 No limit No limit

1P/us trim.
2Otsregard all knots less than 1/ 2-inch diameter in all grades.
3The sum of the diameter of sound knots plus twice the sum of the diameter of unsound knots (in

inches) ts tess than or equal to half of the diameter of the log (inches).
4i.e. means tess than or equal to.
5D means d.t.b, of ic_ at tocatlon of knot.

13
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LOG GRADF FOR JACK PINE AND RED P] E

Grade 1: Logswiththreeor fourclear faces.1

Grade 2: Logswithone ortwo clearfaces.

Grade 3: Logswithno clearfaces.

After the tentativeloggradeis establishedfrom above, the logwill be
degraded one grade for each of the following, except that no Jogcan be degraded below grade 3.
Net scale after deduction for defect must be at least 50 percent of the gross contents of the log.

1. Sweep. Degrade any tentative 1 or 2 log one grade if sweep amounts to 3 or more
inches and equals or exceeds one-third of the diameter inside bark at smalJend.

2. Heart roL Degradeany tentative 1 or 2 log one grade if conk, massed hyphae, or
other evidence of advanced heart rot is found anywhere in it.

_Aface is one-fourth of the circumference in width extending full length of the tog. Clear.faces are
those free of." knots measuring more than 1�2-inch in diameter, overgrown knots of any size, and holes
more than 1�4-inch in diameter. Faces may be rotated to obtain the maximum number of clear ones.

14
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LOG G__ FOR _,L OTHER SOFTWOOD LOGS

Grazla 1

1, Logs must be t6 inches in diameter or larger, 10 feet in length or bnger, and with deduction for defect not
over 30 percent of gross scale.

2. Logs must be at: least 75 percent dear on each of three faces.

3. AH knots outside clear cutting must be sound and not more than 2-1/2 inches in size.

Grade 2

1° Logs must be 12 inches in diameter or larger, t 0 feet in length or longer, and with a net scale after
deduction for defect of at least 50 percent of the gross scale deducted for defect.

2. Logs must be at least 50 percent clear on each of three faces or 75 percent clear on no faces°

Grade 3

1° Logs must be 6 inches in diameter or larger, 8 feet in length or longer, and with a net scale after deduction
for defect of at _east 50 percent of the gross contents of the bg.

Not_: A) OLameters are dtameter tns_de bark {d,.t.b3 at smaU end of log.

B) Percent clear refeys to ,percerlt c_ar tn orte conttnuous section.

15



Hard maple I°
METRIC EQUIVALENTS OF UNITS USED IN Black maple .................................... Acer nigrum

THIS REPORT Sugar maple ........................... Acer saccharum
Soft maple _'

1 acre = 4,046.86 square meters or 0.405 Red maple ..................................... Acer rubrum
hectare. Silver maple .......................... Acer sacchar_um

1,000 acres = 405 hectares. Ash '°

1 cubic foot = 0.0283 cubic meter. Black ash .................................. Frax_us ntgra
1 foot = 30.48 centimeters or 0.3048 meter. Green ash ..................... Frax4mus pennsylvanica
1 inch = 25.4 millimeters, 2.54 centimeters, or Balsam poplar _1................. Populus balsamlfera

0.0254 meter. Aspen
I pound = 0.454 kilograms. Bigtooth aspen _' .......... Populus grandidentata
1 ton = 0.907 metric tons. Quaking aspen 1,.............. Populus trernubaides

Cottonwood _' ........................... Populus deltoides
TREE SPECIES GROUPS IN MINNESOTA ° Basswood '_ ................................. T_ta americana

Black walnut '° ............................. ..Juglans n_ra
SOFTWOODS Black cherry" ............................ Pnmus serottna
Eastern white pine ........................ Pinus s trobus Butternut" .................................. Juglans c_nerea
Red pine ......................... .......... Pinus resinosa Elm
Jack pine .................................. Pinus banksiana American elm _' ..................... Ulmus amer_ana
White spruce ................................... Picea glauca Slippery elm' _............................... Ulmus rubra
Black spruce .................................. Picea mariana Rock ekn _° ............................... Ulmus thomasti
Balsam fir ................................... Abies balsamea Paper birch" ............................. Betuta papyr_fera
Tamarack ........................................ Lartx laricina Hackberry _' ............................. Celt_ occidental_
Northern white-cedar ............. Thuja occidentalis Black willow _' ..................................... Satt_ nkjra
Other softwoods Other hardwoods

Eastern redcedar .............. Juniper'us virginiana Boxelder" ................................... Acer negundo
Scotch pine ............................. Pinus sylves tris Black locust'° ................ Roblnta pseudoacacfa

Red mulberry' I ............................. Morus rubra
HARDWOODS Honeylocust10 .................. Gledltsla trtacanthos
White oak '° Northern catalpa _° ................. Catalpa spectosa

White oak ..................................... Quercus alba Noncommercial species
Bur oak ............................ Quercus macrocarpa Eastern hophombeam ......... Ostrya vfrginiana

Red oak '° Apple ............................................... Malus spp.
Northern red oak ....................... Quercus rubra American hornbeam ....... Carp_nus caroliniana
Northern pin oak ............ Quercus eUipsoidalis Wild plum ...................................... Prunus spp.
Black oak ............................... Quercus velutina Hawthorn ................................. Crataegus spp.

Hickory _°
Shagbark hickory ......................... Carya ovata DEF]I_TIT][ONOlr TERMS
Bittemut hickory ................. Carya cordiformis

Yellow birch _°...................... Betula alleghaniensis Average ann1_al reraovals from growing
stock._The average net growing-stock
volume in growing-stock trees removed

9 The common and scientific names are based annually for forest products (including
oru Little, Elbert L. 1981. Checklist of native and roundwood products and logging residues)
naturalized trees of the United States. Agric. and for other uses (see Other removals).
Handb. 541. Washington, DC: U.S. Department of Average annual removals of growing stock are
Agriculture, Forest Service. 385 p, reported for a period of several years (1977 to

_oThis ,species or species group is considered 1989 in this report) and are based on
a hard hardwood, with an average specific information obtained from remeasurement

gravity greater than or equal to 0.50. plots (see Survey Procedures in Appendix).
_ This species or species group is considered

a soft hardwood, with an average specific gravity
of less than 0.50.
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Average az_a_ remov_ from saw, imbez._ C_ent ann_M removaL_ from growing
The average net board foot sawtimber volume stoek.--The current net gro_ng-stock
of 1lye sawttmber h'ees removed annually %r vo]ume in growing-stock trees removed
forestproducts (includingroundwood pro- armua_y forforestproducts (includ1:ng

ducts and other uses [seeOther removals]), roundwood products and lo_ing residues)

Ave_mge annual removals ofsaw[imber are and :forotheruses (seeOther removals).
reportedfora periodofseveralyears (1977 to Current annual removals ofgrowing stock

1989 irl[hlsreport)and are based on ha:for- are reportedfora singleyear (1988 in.tats
matlon obtained from remeasurement plots report)and are based on a survey ofprimaFy

[see Survey Procedures in Appendtx)o wood processing mills to determine removals
for products and on information from

Commercial st_eciea._Tree species presendy remeasurement plots (see Su_ey Procedures
or prospectively suitable for industrial wood in Appendix) to determine removals due to
products. {Note: Excludes species of typically land use change.
small size, poor form° or trfferior quality such
as hopho_;beam0 osage-orar_ge0 and redbud.) Cm_ent annual removals from sawtlmber.--

The cmTent net board foot sawt__ber volume

Commercial fore_: lar_d.--(See Timberland). of live saw_kmber trees removed annually for
forest products (including roundwood pro-

Co_'do--One standard cord _s 128 cubic feet of ducts and other uses [see Other removals]).

stacked wood, including bark and a_ space. Current annual removals of sawtm_ber are
Cubic feet can be converted to standard reported for a single year (1988 m this report)

cords by dlvld_tg by 79. and are based on a suFcey of primary wood
processing mills to determine removals for

©e_x_ty grad m_eipal land._I_xld owned by products and on :tnfbrmation from
counties and local public agencies or remeasurement plots (see Survey Procedures

municipalities, or land leased to these in Appendix) to detern_ne removals due to
goverrmaental units for 50 years or more. land use change.

C_ll._Portions of a tree that are unusable for Dtameter elass.--A classification of trees based

industrial wood products because of rot, on diameter outside bark, measured at
missing or dead material, or other defect, breast height (d.b.h.). Two-inch diameter

classes are commonly used In Forest

C_en, annum growth of growing stock.-- Inventory and Analysis, with the even inch
The annum change in volume of sound wood the approximate midpoint for a class. For
in 1lye sawtlmber and poletimber trees and example, the 6-haeh class Includes trees 5.0
the total volume of trees entering these through 6.9 Inches d.b.h.
classes through ingrowth, less volume losses
resulting from natural causes. Current Dtametez at breast height (d.b.ho).--The

growth Is based on an estimate of the current outside bark diameter at 4.5 feet (1.37 m)
annual Increment of each growIng stock tree above the forest floor on the uphi11 side of the
in the inventory, tree. For determining breast height, the

forest floor includes the duff layer that may

C_ent annual growth of sawtimber._The be present, but does not include unincor-
annual change In the volume of live sawtim- porated woody debris that may rise above the
her trees and the total volume of trees ground line.

reaching sawttmber size, less volume losses

resulting from natural causes. Current F_m._y place from which $1,000 or more of
growth is based on an estimate of the current agricultural products were produced and sold
annual Increment of each growing-stock tree during, the year.
in the Inventory.
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Farmer-owned land.--Land owned by farm common. (Common associates include
operators whether part of the farmstead or aspen, maple, birch, northern white-cedar,
not. (Note: Excludes land leased by farm and tamarack.)
operators from nonfarm owners, such as Black spruce.--Forests in which swamp
railroad companies and States.) conifers comprise a plurality of the stocking

with black spruce the most common.
Forest land.--Land at least 16.7 percent (Common associates knclude tamarack and

stocked by forest trees of any size, or northern white-cedar.)
formerly having such tree cover, and not Northern white-cedaro--Forests In which
currently developed for nonforest use. (Note: swamp conifers comprise a plurality of the
Stocking is measured by comparing specified stocking with northern white-cedar the most
standards with basal area and/or number of common. (Common associates include
trees, age or size, and spacing.) The mini- tamarack and black spruce.)
mum area for classification of forest land Is 1 Tamarack.--Forests in which swamp
acre. Roadside, streamside, and shelterbelt conifers comprise a plurality of the stocking
strips of timber must have a crown width of with tamarack the most common. (Common
at least 120 feet to qualify as forest land. associates Include black spruce and northern
Unimproved roads and trails, streams, or white-cedar.)
other bodies of water or clearings in forest Oak-hlckory.--Forests in which northern
areas shall be classed as forest ff less than red oak, white oak, bur oak, or hickories,
120 feet wide. (See Tree, Land, Timberland, sIngly or in combination, comprise a plurality
Reserved forest land, Other forest land, of the stocking. (Common associates include
Stocking, and Water.) Jack pine, elm, and maple.)

Elm-ash-s@ map/e.--Forests in which
Forest industry land.--Land owned by lowland elm, ash, red maple, silver maple,

companies or Individuals that operate a and cottonwood, singly or in combination,
primary wood-using plant, comprise a plurality of the stocking.

(Common associates include birches, spruce,
Forest type.--A classification of forest land and balsam fir.)

based on the species forming a plurality of live Maple-basswoocL--Forests In which sugar
tree stocking. Major forest types in the State maple, basswood, yellow birch, upland
are: American elm, and red maple, singly or In

Jack p/ne.--Forests Inwhich Jack pine combination, comprise a plurality of the
comprises a plurality of the stocking, stocking. (Common associates include white
(Common associates include eastem white pine, elm, and basswood.)
pIne, red pine, aspen, birch, and maple.) AsperL--Forests In which quaking aspen

Red p/ne.---Forests in which red pine or bigtooth aspen, singly or in combination,
comprises a plurality of the stocking, comprise a plurality of the stocking.
(Common associates include eastem white (Common associates include balsam poplar,
pine, Jack pine, aspen, birch, and maple.) balsam fir, and paper birch.)

Wh/te p/ne.--Forests in which eastern Paper b/rch.--Forests' In which paper birch
white pine comprises a plurality of the comprises a plurality of the stocking.
stocking. (Common associates include red (Common associates include maple, aspen,
pine, jack pine, aspen, birch, and maple.) and balsam fir.)

Ba/samflr.--Forests in which balsam fir Ba/sam pop/ar.--Forests In which balsam
and white spruce comprise a plurality of poplar comprises a plurality of the stocking.
stocking with balsam fir the most common. (Common associates include aspen, elm, and
(Common associates Include aspen, maple, ash.)
birch, northern whlte-cedar, and tanmrack.)

White spruce.--Forests in which white Growing-stock tree.--A live tree of commercial
spruce and balsam fir comprise a plurality of species that meets specified Standards of
the stocking witli white spruce the most size, quality, and merchantabfllty. (Note:

Excludes rough, rotten, and dead trees.)
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