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FOREWORD
.

Resources Evaluation (formerly Forest Survey) is a continuing endeavor
mandated by the Forest and Rangeland Renewable Resources Planning Act
of 1974, which was preceded by the McSweeney-McNary Forest Research
Act of 1928. Its objective is to periodically inventory the Nation's forest land
to determine the extent, condition, and volume of timber, growth, and
depletions. This kind of up-to-date information is essential for intelligent
forest policies and programs. USDA Forest Service regional experiment
stations are responsible for conducting these inventories and publishing
summary reports for individual States. The North Central Forest Experi-
ment Station is responsible for Resources Evaluation work done in Illinois,
Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North
Dakota, eastern South Dakota, and Wisconsin.

Fieldwork for the 1977 Minnesota Forest Survey was begun in July 1974
and was completed in July 1978. Reports on the three previous surveys of

' Minnesota's timber resource are dated 1936, 1953, and 1962.

The 1977 Minnesota survey da°ta have been adjusted to take into account
the expansion of the reserved portion of the Boundary Waters Canoe Area
(BWCA) in the fall of 1978. The adjustments were made so that the data are
as current as possible.

o

The North Central Station has published similar Resource Bulletins re-
porting statistical highlights and detailed tables on the timber resource of
the four Minnesota Survey Units.

More accurate survey information was obtained during the 197.7 survey
than otherwise would have been feasible because of intensified field sam-..

piing. This was made possible by additional funding and manpower provid-
ed the North Central Station by the Minnesota Legislature through the
State's Department of Natural Resources. The DNR also assisted in a
canvass of the State's primary wood-using plants to help estimate the quan-

. tity of timber products harvested in Minnesota.

Aerial photos used in the Minnesota Forest Inventory were furnished by
Boise Cascade Company, Chippewa National Forest, Lake County Land
Commissioner's Office, Minnesota Department of Natural Resources, Su-
perior National Forest, USDA Agricultural Stabilization and Conservation
Service, and USDI Bureau of Indian Affairs.• .

The fourth Minnesota inventory was a team effort. Burton L. Essex,
Resources Evaluation Project Leader, directed the inventory and, along
with Jerold T. Hahn, designed it and planned the sample selection. Arnold
J. Ostrom supervised the aerial photo interpretation work and the field data

. collection. Photo interpretation was performed by Alexander Vasilevsky,

. Ronald L. Hackett, and Alan Hendricks. James E. Blyth designed and
supervised collection of timber products output and timber removals data
and made 30-year projections of removals. Gerhard K. Raile, W. Brad
Smith, and Mark H. Hansen, with support from Patsy E. Latourelle, Pat-
rick J. Peine, Joan Stelman, Jean A. Smoley, and Carol Weist, processed the
data and generated summary tables. Pamela J. Jakes and John S. Spencer,
Jr., checked the consistency of the fourth Minnesota inventory with the
third. Spencer made the 30-year projections of the timber resource except
for removals. Smith and Jakes evaluated treatment opportunities and esti-
mated predicted yields from selected cutting prescriptions in the State.
Peine prepared final tables and Mary Jean Hanson typed the manuscripts.
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• HIGHLIGHTS • The growth rate was 3.0 percent of inventory in
1976. The softwood growth rate (3.4 percent) was

Volume somewhat higher than the hardwood rate (2.9

percent), tl

• Volume of growing stock on commercial forest land • The average net annual growth per acre remained
increased from 9.4 to 11.5 billion cubic feet between' nearly constant between surveys -- 24 cubic feet in

i962 and 1977, a 21-percent gain. 1962 and 25 cubic feet in 1976.

• Softwood growing-stock volume crept up 3 percent • Mortality of growing-stock trees amounted to 142
betweensurveys, but hardwood volume jumped 32 million cubic feet in 1976, 1.2 percent of inventory.

percent" • Disease caused 57 percent of the 1976 mortality.

•• Sawtimber volume rose from 14.9 to 24.6 billion

board feet between surveys, a gain of 65 percent. Timber Use
• Average growing-stock volume p'er acre increased

from 613 to 836 cubic feet (7.8 to 10.6 cords) be- • Timber removals from growing stock increased
tween sdrveys, from 146 to 194 million cubic feet between 1962 and

1976, a gain of one-third. The increase is due entire°
• Total volume in 1977 (13.0 billion cubic feet) in- ly to hardwoods.

cluded 1.2 billion cubic feet of rough and rJtten
trees, 0.2 billion of short-log trees, and 0.1 billion in • Aspen removals increased from 46 to 73 million cu-
salvable dead trees, in addition to the 11.5 billion in bic feet between surveys.

growing-stock trees. • Roundwood products accounted for 70 percent of

• The Northern Pine Unit contained the largest vol- total removals, other removals for 28 percent, and -

ume of growing stock (5.0 billion cubic feet), fol- logging residues for 2 percent.

10wedby the Aspen-Birch Unit (4.5 billion). • Pulpwood made up two-thirds of the volume re-
.O Nonindustrial private parties owned 39 percent of moved for roundwood products.

the growing-stock volume.
• Private lands yielded 62 percent of the removals

OAspen accounted for 3.4 billion cubic feet- 30 volume, but contained only 45 percent of the
percent of the growing-stock volume, inventory.

• Four-fifths of the growing-stock volume is in trees • A comparison of 1976 removals with predicted
•12 inches or less in diameter, yields from selected cutting prescriptions suggested

• Seventy percent of the growing-stock volume is in that removals could be substantially higher.
stands aged 31 to 70 years.

• Three-fourths of the sawtimber volume is in grade Projections
3 !0gs. • The low removals option projection shows invento-

ry increasing from 11.5 to 15.3 billion cubic feet
Stand Conditions between 1977 and 2007, a 33-percent gain. Growth

, is projected to approach removals, but to remain

• Net annual ,growth of growing stock declined from higher than removals throughout the period.
364 to 349million cubic feet from 1962 to 1976, a 4- • The high removals option shows inventory rising

percentdrop.Softwoodgrowthincreasedby 12per- from 11.5to14.2billioncubicfeetbetween1977and
cent, but hardwood growth fell by 11 percentbe- 1997, then declining to 14.0 billion in 2007. Remov- "

tween surveys, als are projected to surpass growth around 2000.

.



THE FOURTH MINNESOTA FOREST INVENTORY:
TIMBER VOLUMES AND PROJECTIONS

OF TIMBER SUPPLY

John S. Spencer, Jr.
Principal Resource Analyst

TIMBER VOLUME Species Sawtimbervolume
INCREASED group 1962 1977P

BETWEEN SURVEYS (Million board feet)
Softwoods 6,133 8,530

The-volume of growing Stock on commercial forest Hardwoods 8,742 16,077
land in Minnesota increased 21 percent between the
previous inventory in 1962 (9.4 billion cubic feet) and Total 14,875 24,607
the latest inventory in 1977 (11.5 billion). This in-
crease occurred as the commercial forest land base Average volume per acre Ofgrowing stock increased

declined 11 percent, from 15.4 _ to 13.7 million acres, from 613 to 836 cubic feet (7.8 to 10.6 cords) between
The continuing recovery and maturation of the forest surveys. Average sawtimber volume per acre increased
from the burned and denuded conditions prevalent in from 965 to 1,797 board feet. The highest average
the early 1900's is the reason for the accumulating growing-stock volume per acre is in the Northern Pine
timber volumes. Unit--872 cubic feet.

Softwood growing-stock volume increased 3 percent In addition to the 11.5 billion cubic feet of growing
between surveys, but hardwood volume jumped 32 stock in 1977, Minnesota has 1.2 billion of rough and
percent: rotten trees, 0.2 billion of short-log cull trees, and 0.1

Species Growing-stock volume billion of salvable dead trees (table 1). The total
:group 1962 1977 volume of timber in all classes is 13.0 billion cubic feet.

(Million cubic feet)
Table 1.--Net volume of timber on commercial forest

•" Softwoods 3,384 3,477 land by class of timber and softwoods and hard-

, Hardwoods. 6,060 7,977 woods, Minnesota, 1977
(In million cubic feet)

TOtal 9,444 11,454

. The:volume Of sawtimber on commercial forest land All
Classof timber species Softwoods Hardwoods

increased 65 percent between surveys--from 14.9 to
24.6 billion board feet 2. Softwood volume increased 39 Growingstock

percent, but hardwood volume jumped 84 percent: SawUmber 4,732 1,719 3,013Poletimber 6,722 1,758 4,964

' Totalgrowingstock 11,454 3,477 7,977

1Published 1962 area and volume statistics have Roughand rottencull 1,207 179 1,028

been adjusted to conform to 1977 statistics because of Short-logcull 185 27 158
changes in.procedures and definitions. (See Compar- Salvabledead 107 48 59
ing Minnesota's Fourth Forest Survey with the Third Allclasses 12,953 3,731 9,222
Survey inAppendix.)

2International 1�4-inch rule.



The Northern Pine Unit contains the largest vol-
ume of growing stock (5.0 billion cubic feet), followed
.by the Aspen-Birch Unit (4.5 billion), the Central 4_
Hardwoods Unit (1.5 billion), and the Prairie Unit

(0.4 billion) (fig. 1). Ninety-eight percent of the soft- D SOFTWOODS
wood volume is in the Northern Pine and Aspen-Birch _!_HARDWOODS
Units. 3

St. Louis County accounts for nearly one-fifth of
the State's growing-stock volume (2.2 billion cubic

• ¢j
feet). Itasca County contains the next largest volume _ /
(1.3 billion) followed by Koochiching (0.9 billion), _, 0 2 /

Cass (0.9 billion),_ Lake (0.7 billion), and Beltrami o_ _ k
Counties (0.7 billion) (fig. 2).

NONINDUSTRIAL PRIVATE
OWNERS ACCOUNT FOR HARDWDS.

39 PERCENT OF VOLUME \ .o.
PINE

0

Farmers own24 percent of the State's growing- \ ASPEN-
stock volume, and other private nonindustrial parties BIRCH
own another 15 percent. Together, these two owner
groups control the largest timber volume and area of Figure 1.--Net volume of growing stock on commer-

cial forest land by softwoods and hardwoods andcommercial forest in Minnesota. Therefore, the non-
Forest Survey Unit, Minnesota, 1977.industrial private owner must play a significant role in

'future plans to improve and utilize the State's timber
resource. Paper birch, the species with the next largest vol-

ume, accounts for 1.3 billion cubic feet or 11 percent of
County and municipal agencies own 18 percent of the total. Aspen, paper birch, balsam fir (0.9 billion

the volume, followed by State (17 percent), National cubic feet), spruce (0.7 billion), and jack pine (0.6
Forests (16 percent), forest industry (6 percent), and billion) account for three-fifths of the State's growing-
other federal agencies (4 percent) (fig. 3). stock volume. Between surveys, paper birch and bal-

Nonindustrial private parties own 46 percent of the sam fir volumes increased by 51 and 17 percent, re-
hardwood volume but only 22 percent of the softwood spectively, but spruce and jack pine volumes declined
volume. The largest proportions of softwood volume 12 and 19 percent, respectively. Spruce and jack pine
are found on National Forest land (25 percent) and declined largely because of the transfer of commercial
State land (24 percent) (table 2). forest to productive-reserved status as the Voyageurs

National Park was created and as the reserved portion
: Aspen is the dominant species in the State in terms

of the Boundary Waters Canoe Area was enlarged.
Ofgr0wing-stock volume, with 3.4 billion cubic feet --

• 30 Percent of the total. Its volume increased by 22

percent between surveys, although the area of aspen EIGHTY PERCENT OF
•forest type declined by 97,500 acres. Much of the area
loss resulted from creation of the Voyageurs National VOLUME IN TREES LESS

Park ancl expansion of the reserved portion of the THAN 12 INCHES IN "
Boundary Waters Canoe Area. Aspen was considered

lowv.e weedpei. for fter it beme DIAMETER
widely established following intensive cutting of
softwoods and subsequent slash burning and wild- Four-fifths of the growing-stock volume is in trees
fires. But now it is regarded as a highly valuable 12 inches or less in diameter (fig. 4). The fact that 85
resource by the paper and waferboard industries and percent of the aspen volume is in those diameter
as vital food and cover for ruffed grouse, deer, and classes contributes to this volume concentration. A
other wildlife species, much larger proportion of softwood volume is in the

"2
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Figure 2.--Growing-stock volume in Minnesota counties, 1977.

" Smallest diameter classes than is true for hardwood Average volume per acre is highest in the white pine
volume--51 percent of softwood growing-stock vol- (1,587 cubic feet) and red pine (1,536) forest type s,
•ume is in 6- and 8-inch trees, compared to 40 percent and lowest in the tamarack (438) and black spruce
of the hardwood volume. This is true because of the (474) types, compared to the State average of 836
large :volumes in typically small-diameter softwoods cubic feet.

-- balsam fir, black spruce, and tamarack. Seventy percent of the growing-stock volume is in

Thirty-one percent (1.1 billion cubic feet) of the stands aged 31 to 70 years (table 3). This surge in
softwood growing-stock volume is scattered through- volume corresponds roughly to the swell of commer-
out hardwood forest types,, particularly the aspen cial forest area in stands aged 31 to 60, amounting to
type. For example, 36 percent of the total white spruce 49 percent of the total area. A much higher proportion
volume is in the aspen type and only 11 percent is in of the volume in softwood forest types is in stands
the white spruce type. And equal amounts (33 per- older than 90 years than is true of hardwood stands.
cent) of balsam fir volume are found in the aspen and The presence of long-lived species in the northern
balsam fir types. Conversely, only 6 percent of total white-cedar, tamarack, and black spruce forest types
hardwood volume is in softwood forest types, accounts for much of the difference.

-
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=.soo- Table 2.--Net volume of growing stocb on commer- __
. cial forest land by ownership class and softwoods

Q SOFTWOODS and hardwoods, Minnesota, 1977
" [] HARDWOODS (In million cubic feet)

2,000 -

Ownership All
class species _flwoods Hardwoods

o :,SOD NationalForest 1,871.1 871.1 1,000.0
. _= Bureauof LandManagement 37.4 22.8 14.6

: o Indian 374.6 136.6 238.0
Misc.federal 96.6 20.2 76.4

i,ooo State 1,942.1 818.2 1,123.9

i _i Countyandmunicipal 2,012.3 566.7 1,445.6

• - Forestindustry 636.0 265.0 371.0
Farmer 2,706.2 383.6 2,322.6

SOD Miscellaneousprivate 1,777.7 392.8 1,384.9

_ Total 11,454.0 3,477.0 7,977.0-

NAT'L OTHER STATE CO.& FOREST FARMERMISC. product. Generally, aspen on low sites (site index 50
FORESTFED. MUNIC.INDUS. FRI. and less) managed for fiber production is harvested atP

• about age 35, and aspen on high sites (site index 70+)
Figure 3.--Net volume of growing stock on commer- managed for sawtimber is harvested at about age 60

cial forest larid by softwoods and hardwoods and (Perala 1977). In many areas, low site index aspen
ownership class, Minnesota, 1977. deteriorates earlier than high site aspen and should be

harvested earlier As seen in figure 5, a large volume in
The volume in the State's widespread aspen forest the aspen type, where 83 percent of the aspen volume

type reveals the same bulge in the 30- to 60-year is found, exists in stands more than 60 years old.
classes (fig. 5). Recommended rotation age for aspen Therefore, large losses of aspen are undoubtedly
"in the Lake States varies with site index and end occurring.

..
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Figure 4.--Net volume of growing stock on commercial forest land by
softwoods and hardwoods and diameter class, Minnesota, 1977.
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Table 3. Net. volume of growing stock on commer- /"

cial forest land by stand-age class of softwood and
hardwood forest types, Minnesota, 1977 ::::::::::::::::_

........

::::::::::::::::_
(In, million cubic feet)

Stand-ageclass Foresttype : ii::::::::::::_' 1,400

(years) Total Softwood Hardwood iiiiii!i _ 3o0
0-10 241.9 27.4 214.5 _ ii!i!iil::i::i::i::i_ 200

11-20 280.2 62.1 218.1 /'_ _ iiiiiiil
21-30 431.0 113.3 317.7 _.......... i....... _ 100

3i-40 1,413.5 285.2 1,128.3 !iiiiii:_ iiiiiiii
41'-50 - 2,729.8 505.8 2,224.0 _ _i_iiiii_ 1,000
51,60 _ 2,502.8 561.8 1,941.0 _i_i_iil_ i_iiiiii
61-70 1,415.2 339.1 1,076.1 _ ::::::::i::::::_
71-80 921.5 326.0 595.5 _i_i_i_!_ !_i_i_i_
8i-90 568.7 ' 185.4 383.3 _ ilili::::::_ o

iiii!!ii_ !::i_!::7
91-100 501.6 217.0 284.6 _ _iiii_i_ r,.>............

101-120 259.2 107.6 151.6 _,-_ ,/.,,,_i_i!iii_ :i:!:i:!

141+ 3.1 3.1 --' _ _ _0 _"
Total 11,454.0 2,848.8 8,605.2 iii_ii

•
• .QUALITY iiiiiii

• OF SAWTIMBER 41-5_ < ++!i+!+il+....

IS LOW 51-6_ / "
_l/t/' 0 61-7

4Q_.(p, 71

Three-fourths of the sawtimber in the State is in _4xt,_)
grade 3_ logs (fig. 6), largely the result of the ,0
relatively small diameters of sawtimber trees. The lOO+

proPortion of volume in the higher grades (1 and 2)
is much greater for hardwoods (22 percent) than for Figure 5.--Net volume of growing stock in the aspen
softwoods (9 percent). It is not possible to accurately forest type on commercial forest land by stand-age
compare sawtimber quality between surveys because class, Minnesota, 1977.
different log grade standards were used on each
occasion. However, average quality probably has not
improved much since 1962 because of the relative feet), but hardwood growth fell by 11 percent (from
youth of many stands. 257 to 229 million cubic feet).

The average net annual growth per acre remained
Species with exceptionally high proportions of saw-

timber volume in log grades I and 2 are basswood (47 nearly constant between surveys _ 24 cubic feet in' 1962 and 25 cubic feet in 1976.
. percent), elm (41), yellow birch (32), ash (30), select

red oaks (23), white pine (23), and soft maple (24). The growth rate was 3.0 percent of inventory in
' 1976 and 3.9 percent in 1962. The 1976 softwood

growth rate (3.4 percent) was higher than the hard-
GROWTH RATE IS woodrate (2.9 percent). Declining growth rates are to

3 PERCENT be expected in States like Minnesota where inventory
volumes are expanding rapidly. For the growth rate to
remain the same between surveys under such circum-

Net annual growth of growing stock declined from stances, the volume of growth would have to increase364 to 349 million cubic feet from 1962 to 1976 -- a 4-
inordinately.

percent drop. Softwood growth increased by 12 per-
cent between surveys (from 107 to 120 million cubic Practically all softwood growth volume is in the

Northern Pine and Aspen-Birch Survey Units (fig. 7).
Although the Northern Pine Unit accounts for the

_Third best of the four log grades used to estimate largest share of the hardwood growth, the hardwood
sawtimber quality in Minnesota, as described further growth rate is highest in the Central Hardwoods Unit
in the Appendix." (4.0 percent).

.
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Figure 6._Net volume of sawtimber on commercial forest land by log grade
• and softwoods and hardwoods, Minnesota, 1977.

Soft.woods account for 34 percent of the volume of Net annual growth of sawtimber amounted to 1.1
growth, although they represent only 30 percent of the billion board feet in 1976, 4.5 percent of inventory.
growing-stock inventory. Hardwoods account for 66
percent of the growth volume, although they make up

70 percent of the inventory. DISEASE IS LARGEST

Growth rates on private land averaged 3.2 percent CAUSE OF MORTALITY
of inventory, somewhat higher than the average for

public land (3.0 percent). The bulk of the softwood Mortality of growing-stock trees amounted to 142
growth volume is on public land (fig. 8), just as most of million cubic feet in 1976, 1.2 percent of inventory.

the SoftwOod inventory is on those lands. The mortality rate for softwoods (1.0 percent) is
slightly lower than that for hardwoods (1.4 percent).

• The highest mortality rates are for tamarack (2.3

100 percent), aspen (2.1 percent), and balsam poplar (2.0
90 _ SOFTWOODS percent). Public owned forests boast the lowest mor-

MILLION _HARDWOODS tality rates (1.1 percent), compared to privately
so cumc owned forests (1.4 percent).FEET

70 Disease caused 57 percent of the 1976 mortality

" so volume,followedby weather (17 percent).Allother
causesaccountedfortheremaining26 percent.Cause

, , %_ _ so of mortality differed significantly by softwoods and

40 hardwoods (fig 9.). Disease killed the largest volume of
both softwoods and hardwoods, but it killed a much

30 larger proportion of hardwoods (62 percent) than of

2o softwoods (43 percent). Diseases of aspen, chiefly hy-
poxylon canker, account for 42 percent of the total

J hardwood mortality volume and for 32 percent of thetotal mortality of all species.
ASPEN- NO. CENTRAL PRAIRIE
BIRCH PINE HARDWD. Annual mortality of sawtimber in 1976 was 263

million board feet, 1.1 percent of inventory.

Figure 7. -- Net annual growth of growing stock on
commercial forest land by softwoods and hard-
woods and Forest Survey Unit, Minnesota, 1976.

.
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TIMBER REMOVALS accounted for 38 percent of removals (44 percent of
inventory), the Central Hardwood Unit made up 18

INCREASE ESPECIALLY percent of removals (14 percent of inventory), and the

ASPEN Prairie Unit contributed 4 percent of removals (3
percent of inventory).

Timber removals from growing stock in 1976 Private lands yielded 62 percent of the removals
amountedto 194 million cubic feet, an increase of one- volume, but contained only 45 percent of the invento-

third from 1962. Although removals for individual ry. The 119 million cubic feet of removals from private
species varied between surveys, total softwood remov- land translate into a removals rate of 2.3 percent of
als remained the same: inventory, compared to a rate on public land of 1.2

Timber removals from percent.

growing stock
Species 1962 1976 TIMBER REMOVALS ABOUT

(Million,cubic feet) HALF OF GROWTH VOLUME

Softwoods 68.9 68.8 A comparison of 1976 timber removals with net
_' Hardwoods 77.0 124.8 annual growth shows that the volume of growth was

All species 145.9 193.6 ' almost double that of removals. However, a compari-
son of this kind may not be useful in States like

Aspen removals increased from 45.7 million cubic Minnesota wheri_ stands are relatively young and
feet in !962 to 73.0 million in 1976, a 60-percent gain. growth includes a substantial volume from trees too
As these figures suggest, industrial interest in the small to be a significant part of the removals volume.
aspen resource is heightening especially as waferboard A more meaningful comparison is one between remov- "
plants under construction throughout the State begin als and the yields from land managed under cutting
operations. Jack pine removals were the second larg- prescriptions that represent the probable high and
est in the State in 1976 with 21.5 million cubic feet, low range of future yields from the State. Predicted
although thiswas a decline of 5 percent from the 1962 yields for all four Survey Units in Minnesota were

level. Spruce (1,7.9 million cubic feet), balsam fir (13.9 computed and _hose for northern Minnesota were
million), red oak (10.1 million), and paper birch (9.1 published (Jakes and Smith 1980). When used with

million) : were other species with large removals other resource information, these predicted yields can
volumes, identify deficiencies or surpluses in the forest re-

source. Yields were computed for 2 sets of prescrip-Seventy percent of the total volume of removals was

used for roundwood products (135.0 million cubic tions -- a long rotation option based on rotation ages
feet). Other removals _ trees removed but not used approximating current harvest practice, and a short

for products, or trees left standing but "removed" rotation option that uses current empirical yields to
select rotation age at the age of maximum total vol-from commercial forest classification by land use

change -- accounted for 28 percent of the total (53.5 ume yield The long rotation option would produce
million), and logging residues made up the remaining both sawtimber and pulpwood; the short rotation

• 2 percent (5.1 million), option would produce primarily pulpwood.

• A comparison of 1976 growth and removals with
A higher proPortion of softwood removals are used predicted yields from both the long and short rotation

for roundwood products (83 percent) than hardwood options for 1977-1986 shows that yields would be
, removals (63 percent), substantially greater than current removals, under

Pulpwdod is the most sought-after product in the certain assumptions (table 4). Average annual grow-
l State, representing 67 percent of the volume of round- ing-stock removals for the decade under the long and

wood products Saw logs account for 20 percent of the short rotation options are 46 percent and 106 percent
roundw0od volume; fuelwood represents 7 percent -- greater, respectively, than 1976 removals. The dispar-
a figure that is expected to grow substantially in the ity is greater for hardwoods (54 percent and 125
future; and posts, poles, veneer logs, and other minor percent) than for softwoods (30 percent and 73 per-
products account for the remaining 6 percent, cent). The difference between current removals and

predicted yields is greatest in the Aspen-Birch Unit
Forty percent of the total removals were from the where average annual removals under the long rota-

Aspen-Birch Unit, which contained 39 percent of the tion prescription would be nearly twice as large as
inventory of growing stock. The Northern Pine Unit 1976 removals.

-
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HARDWOODS []

STATE iiiii!iiiiiiiiiiil;iiiii;iiiiiiiiiiiiiiiiiiiiiiiiiiiiliii!iiiiiiiiiii!iliili!ilililili!i!iii!ii:_

COUNTY & MUNICIPAL

FOREST INDUSTRY ,_l_iiiiiil

!
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Figure 8. -- Net annual growth of growing stock on commercial forest land
by softwoods and hardwoods and ownership class, Minnesota, 1976.

INSECTS LOGGING

• FIRE ANIMALS ANIM_
UNKNOWN _" \ \ Ill _

AND OT

• .

SOFTWOODS HAR DWOODS

(33,728 MCF) (107,813 MCF) ,

Figure 9.- Annual mortality of growing stock on commercial forest land
by softwoods and hardwoods and cause, Minnesota, 1976.
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Table 4.--Ne t annual growth and removals of demand is projected to grow from 10.3 to 17.7 billion
growing stock on commercial forest land for 1976 cubic feet during the same period -- a 72-percent
and average annual predicted yields from selected gain, but hardwood demand is projected to jump from

" cutting prescriptions for 1977-1986 by softwoods 3.0 to 7.5 billion cubic feet- a 150-percent increase.
and hardwoods,- and Forest Survey Unit, The faster rate of growth for hardwoods reflects a
Minnesota projected rise in demand for hardwood pulp products,

hardwood lumber for pallets and railroad ties, and
(In thousand cubic feet) hardwood plywood and veneer for furniture. This..

" ALL UNITS projection, made at a medium level of population and-.

economic growth, assumes that the price trends in the
Predictedyieldefrom selected base period used in making the projection (roughly

Net Annual cuttingprescriptions from the late 1950's through the mid 1970's) continue
annual_ timber Longrotation Shortrotation through the projection period. 4 When the excess of

Species growth_movale qe option age option roundwood imports (4.5 billion cubic feet) over ex-
Softwoods 1i9,781 68,800 89,378 118,915 ports (1.5 billion) is subtracted from the projected
Hardwoods229,139 124,800 192,535 280,568 demand in 2010, the result is the demand on United
Allspecies 348,920 193,600 281,913 399,483 States forests- 22.2 billion cubic feet.

AsPEN-BIRCHUNIT National supplies (timber available for harvest) of
Softwoods. 56,982 38,803 54,866 71,142 roundwood are projected to increase from 12.1 to 18.7
Hardwoods 57,917 38,445 93,608 117,588 billion cubic feet between 1976 and 2010. s Softwood

AllSpecies 114,899 77,248 148,474 188,730 supplies are projected to increase from 9.2 to 11.6

" NORTHERNPINEUNIT billion cubic feet during the period, but hardwood
supplies vault from 2.9 to 7.1 billion cubic feet. Pro-

Softwoods 59,123 28,502 33,117 45,354 jected demand on United States forests in 2010 ex-
Hardwoods 100,669 4_,926 72,303 103,273 ceeds supply by 3.5 billion cubic feet. The short-fall

Allspecies 159,792 73,428 105,420 148,627 for softwoods (3.3 billion) is much larger than that for
CENTRALHARDWOODSUNIT hardwoods (0.2 billion).

Softwoods 3,562 1,339 1,269 2,246

H_dw00d$ 58,733 32,858 20,410 51,862 MINNESOTA'S TIMBER
Allspecies: 62,295 34,197 21,679 54,108

PRAIRIEUNIT PROJECTIONS

So_woods• 114 156 126 173 Minnesota's timber resource will play a significant,Hardwoods 11,820 8,571 6,214 7,845
though not major, role in the Nation's demand-supply

Allspecies 11,934 8,727 6,340 8,018 outlook. A look at what is likely to happen to the
State's future timber resource under several levels of

The predicted yields are based on the following removals can help put Minnesota in perspective with
assumptions: (1) all landowners are willing to sell their the Nation.

timber, (2) operability (the physical conditions that Two 30-year projections of the State's timber situa-
determine whether a stand can be harvested) and tion were made using the Timber Resource Analysis
availability of timber stands are not obstacles to tim- System (TRAS) program (USDA Forest Service
bet harvesting, and (3) markets exist for all commer- 1970). One assumes a continuation of recent levels of

cial Species. Because these assumptions represent ide- timber removals (low removals option), and the other
i ' al rather than existing conditions, the yields in table 4 assumes a higher level of removals (high removals

i should be discounted accordingly.
o PROJECTIONS OF NATIONAL "Another projection was made under the assump-

tion that prices will rise enough to maintain an
TIMBER SUPPLY equilibrium between projected demand and supply.

"Projection shows the volume of timber available
The most recent projection of national demand for for harvest from domestic forests if recent trends in

roundwood shows consumption increasing from 13.3 the forces determining supply, such as commercial
billion Cubic feet in 1976 to 25.2 billion in 2010, an 89- timberland area, management, and prices, continue
percent jump (USDA Forest Service 1980). Softwood through the projection period.

' 9



option). Separate projections were made for
softwoods and for hardwoods. TRAS uses a stand

projection . technique involving input of number of is
trees, growth rates, mortality rates, and removal

rates, all by 2-inch-diameter classes, along with _"14
assumed total removals by year and assumed
ingrowth into the 2-inch diameter class.

Assumptions common to both options are: (1) the _ 13
total area of commercial forest land will decline at an •

o _o_annual rate of 0.310 percent, from 13.7 million acres in ._
1977 to 12.4 million acres in 2007; (2) radial growth -"• . m 12

will decline in relation to the increase of basal area per
acre of trees; (3) the intensity of forest management

Will continueat the rate indicated by recent trends; 11
(4) the volume of "other" removals will drop during
the period as more of these trees are utilized for
products. _ soo

LOW REMOVALS OPTION ,oo
" PROJECTION / - ®

300 •
The low option assumes that softwood timber re- o

movals will increase at an average annual rate of 2.68 "J
percent or 1.9 million cubic feet, and that hardwood 200_
removals will increase at an average annual rate of
2.73 percent or 3.5 million cubic feet. Growth is pro-
jected to exceed removals, to peak about 1987, and , I i I 100
then to turn down. Therefore, inventory is projected 1977 1987 1997 2007

to increase at an average annual rate of 1.11 percent or Figure lO.--Removals, net growth, and inventory of
128 million cubic feet, but to increase less rapidly growing stock in Minnesota, 1977, and low remov-
during the last 15 years (fig. 10). als option projection for 1977-2007.

This projection shows removals increasing from 198 The 1977 inventory of 11.5 billion cubic feet is
million cubic feet in 1977 to 360 million in 2007, an 81- projected to rise to 15.3 billion in 2007, a 33-percent
percent gain. Softwood removals are projected to in- gain. The rise of the inventory curve slows as the
crease from 71 to 128 million cubic feet during the growth and removals curves converge, and the annual
periodl and hardwood removals are projected to ex- increase in inventory is projected to almost cease by

• pand from 128to 232 million cubic feet. Removals for 2000 when the growth and removals curves nearly
tile major roundwoodproducts -- pulpwood, saw logs, cross.

' and fuelwood are all assumed to rise during the
projection period but more of these products are as-
sumed to be recovered from "other" removals. The HIGH REMOVALS OPTION

'construction of waferboard plants in the State is as- PROJECTION .
sumed to 'have a noticeable impact on hardwood

removals.. Timber removals under this option are assumed to
increase at an annual rate of 4.45 percent or 3.2

GrOwth is projected to increase from 349 million million cubic feet for softwoods and to increase at an
cubic feet in 1977 t0 432 million in 1987, then to annual rate of 4.99 percent or 6.4 million cubic feet for
declineto 375 million in 2007. At the beginning of the hardwoods. Removals surpass growth about 2000 and
•projection period, the surplus of growth over removals widen their lead through 2007. Inventory is projected
is 151 million cubic feet. By 1987 the surplus is pro- to increase more slowly as growth and removals
jected to be 180 million cubic feet, but by 2007 it is converge and to turn down when the two curves
projected to shrink to 16 million, bisect (fig. 11).

• ,
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.. THE OUTLOOK
14 -

I.-.

The low and high removals options represent the
forest situation only if the assumptions upon which

13

_ they are based are realized. The projections are notintended to convey what is desirable from silvicultur-
_- _OO

12 _ al, economic, or social viewpoints; they are simply.. indicators of what is likely to happen if forests are
_ managed much as they have been for the last 15 years

and if harvesting occurs at two different levels. Projec-
.11

tions for the first decade are the most meaningful
- because fast-changing market and economic condi-

s00 tions can quickly nullify the assumptions under which
: ' . projections for the last two decades were made.

_" Inventory, then, is likely to continue accumulating
; _ 400_ ' for the next decade at a rate similar to that of recent

trends. After that, inventory will increase more slowly
° _ and, depending or_ such factors as rate of loss of• 300 ¢_

z commercial forest land and rate of timber removals, it
. _ .

b . /_o- _ will stabilize or decline. A more intensive level of
-4

200_ timber management than that assumed could lead to
increased timber growth and larger-than-projected .
inventories. Timber stand treatment opportunities in
the State during 1977-1986 are discussed in "Project-

. 100 ing Treatment Opportunities for Current Minnesota
_ _ , Forest Conditions" (Smith and Jakes 1981). Timber

1977 1987 1997 2007 supplies might also be extended through more corn-
• plete utilization of residues, treetops, and limbs, the

Figure 11.-- Removals, net growth, and inventory of volumes of which are not included in timber invento-
ries. Inventories would also be larger than projected ifgrowing stock in Minnesota, 1977, and high remov-

als option projection for 1977-2007. the actual area of commercial forest land converted to
• . other uses is less than assumed or if much of the land

converted is of low site quality.
Under the high removals option, removals jump

from 199 to 486 million cubic feet between 1977 and What happensto the large area of aspen forest type
in the State (39 percent of the commercial forest area)2007, a !44-percent gain. Softwoods are projected to
will have a major impact on Minnesota's future forestincrease from 71 to 166 million cubic feet and hard-
resource. If aspen stands are not disturbed, such as by

wo0dsfrom 128 to 320 million cubic feet. This option logging or fire, they tend to be replaced by more• . .

assumes more expanded markets for roundwood prod- shade-tolerant or longer-lived species. A coniferous
ucts :than the low removals option does. understory was present in 27 percent of the aspen

The 1977 growth of 349 million cubic feet is project- stands in 1977. By 2007 many of these stands could be
ed to rise to 432 million by 1987, then to sag to 393 converted by natural succession to softwood types

' million by 2007. The excess of growth over removals of such as balsam fir, spruce, and pine, unless the stands
150 million cubic feet in 1977 is projected to enlarge to are logged or burned. The accelerating industrial in-
162 million in 1987, then to do an about-face and end terest in aspen, however, probably means that fewer
With a removals surplus of 93 million cubic feet in aspen stands will remain undisturbed. Other aspen
2007. stands with tolerant hardwood understories will con-

• vert to the northern hardwoods type by natural suc-
Inventory rises from 11.5 to 14.2 billion cubic feet cession also. The outlook, then, is for the area of the

between 1977 and 1997. Then, in response to the aspen type and its associated volumes to shrink some-
Widening imbalance of removals over growth and a what in the future.
shrinking Commercial forest land base, it begins to
decline about 2000 and reaches 14.0 billion cubic feet It seems likely that the volume of red and white
in 2007- a net rise from 1977 of 22 percent, pines, species traditionally preferredforlumberin the

-
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State, will decline in the future. The areas of these Central Forest Experiment Station, St. Paul,
forest types continue to diminish despite the amount Minnesota.

of past red pine plantings. Little, Elbert L., Jr. 1979. Checklist of United States
Whatever happens to Minnesota's maturing forests trees (native and naturalized). U.S. Department of

willbe largelydeterminedby the attitudesof the :Agriculture,AgricultureHandbook No.541,375p.
State'snonindustriaiprivateforestlandownerswho Washington,D.C.
control41 percentofthecommercialforestlandand
39percentofthegrowing-stockvolume.Policiesthat Perala,DonaldA.1977.Manager'shandbookforasp-
seektobring practical,technicalinformati0nand en inthenorth-centralStates.U.S.Departmentof
assistanceon forestmanagementtotheseownerswill AgricultureForestService,GeneralTechnicalRe-
helptoachievea more favorablefuturetimberout- portNC-36,30p.U.S.DepartmentofAgriculture
lookforthe Si;ate.And policiesthatmake timber- ForestService,North CentralForestExperiment
growingmoreprofitablefortheseownerswillhavethe Station,St.Paul,Minnesota.
same effect.Expanded marketsfortimberproducts Smith,W. Brad,and PamelaJ.Jakes.1981.Project-
and financialincentives,suchas taxincentivesfor ingtreatmentopportunitiesforcurrentMinnesota
forestlandownersand cost-shareprogramsfortree forestconditions.U.S.DepartmentofAgriculture
plantingand timberstandimprovement,aresome ForestService,ResearchPaperNC-215,21p.U.S.
waystomake enl!ghtenedtimbermanagementmore DepartmentofAgricultureForestService,North
attractiveto theseowners. ° CentralForestExperiment Station,St. Paul,

Minnesota.
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APPENDIX

.

ACCURACY OF SURVEY (t ble51 shows the sampling errors for estimates
smallerthan State totals).

Resources Evaluationinformationisbased on a

samplingproceduredesignedto providereliableeta- SURVEY PROCEDURE
tisticsat the Stateand Survey Unit levels.Conse-

quently,thereportedfiguresareestimatesonly.Sam- The major stepsin the Minnesota surveywere as
plingerrorsgive a measure of reliabilityof these follows:
figures.These samplingerrorsmean thatthechances
are two out ofthreethatifa 100-percentinventory 1.A totalof276,8971-acrepointswere systemati-

had been taken usingthe same methods, the results callydistributedacrossaerialphotos of the entire
would have been withinthe limitsindicated. State,exceptthe Chippewa and SuperiorNational

Forests.These pointswere classifiedas forestland

For example,the estimatedgrowing-stockvolume (72,700),unproductiveforestland (4,483),nonforest

inMinnesotain1977,11,454.0millioncubicfeet,hasa land (197,674),or questionable(2,040)to make a

samplingerrorof ± 1.04percent(+_119,122thousand preliminaryestimateof forestarea.Next, allforest

cubicfeet).The growing-stockvolume from a '100- points(72,700),592 oftheunproductiveforestpoints,

percentinventory,then,would be expectedto fall and allquestionablepoints(2,040)werestereoclassi-

between 11,573.1and 11,334.9millioncubic feet fledas to foresttype,stand-sizeclass,and density.

(11,454.0_ 119.1),therebeinga one inthreechance Then 9,796pointsclassedasforest,592pointsclassed

that thisis not the case. as unproductive,276 pointsclassedas questionable, "

Sampling errorswere calculatedseparatelyforNa- and 25,498pointsclassifiedas nonforestwere ex-

tionalForestlandbecauseof the lowersamplingin- amined on thegroundtocorrectthepreliminaryarea

.tensitythere,For example, the sampling errorfor estimatefor errorsin classificationand for actual

growing-stockvolume on land otherthan National changesinland use sincethe photoswere taken.At
FOrestis +_.82percentbut forChippewa National each ofthe 8,547commercialforestlocations,varia-

Forestland it is __ 7.47 percent, ble-radiusplots(basalareafactor37.5)were estab-
lishedat 10 pointsuniformlyplacedoverthe sample

The followingtabulationshows the combined sam- acre.Treemeasurements made attheselocationswere

plingerrors for the 1977 Minnesota Forest Inventory: the basis for estimates of timber volume, growth,
mortality, number of trees, and other forest

- Sampling classifications.
item Minnesota totals error

(Percent) 2. Growth and mortality on all commercial forest

Growing stock (Million cubic feet) land were estimated ° using the Stand and Tree Evalu-
Volume 11,454.0 1.04 ation and Modeling System (STEMS). STEMS is an

' Growth 348.9 1.42 individual tree-growth projection system that uses the
Removals 193.6 5.33 following stand and tree characteristics to grow trees

by updating tree diameter and tree status (live, dead
Sawtimber (Million board feet) or cut): species, tree diameter, crown ratio, site index,

Volume 24,607.2 1.85 basal area, and average stand diameter. These charac-
Growth 1,111.5 1.72 teristicswere used to produce growth and mortality

Removals 460.3 4.36 ratesthatwere adjustedbased on ground conditions

gainedfrom remeasurement of plotsand appliedto
Commercial (Thousand acres) treeson thetreelisttoyieldan updatedtreelist.Local

forestland 13,695.1 0.39 volume equationswere appliedto the originaland

updated tree lists to estimate volumes of growth and
As survey data are broken down into sections small- mortality.

er than State or Survey Unit totals, the sampling error
increases. The smaller the breakdown, the larger the °STEMS was developed at the North Central For-
sampling error. For example, the sampling error for est Experiment Station as part of the Forest Re-
growing-stock volume in a particular county is higher sources Evaluation Program (FREP). For more infor-
thanthatforgrowing-stockvolumeintheSurveyUnit mation on STEMS, see: Belcher et al. 1981.
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3. Data from.the National Forests were incorporat- COMPARING MINNESOTA'S
ed into the Survey data. Area statistics for the Chip-
pewa NationalForest were prepared by the Chippe- FOURTH SURVEY WITH

Wa's Timber Management staff from compartment THE THIRD SURVEY
examination records. In 1975, the Forest conducted its

own inventoryusing the standard forest inventory :Data from new forest surveys are often compared
system. Data from these plots were used as input for with data from earlier ones to determine trends in

STEMS, which was modified and used to update forest areas and volumes. Changes in procedures and
volumesto 1977. The updated Chippewa National definitions between surveys make it necessary to ad-
Forestdatawere approved by the Forest and corn- just earlier data to make them comparable.
bined with Survey data from non-National Forest
commericai forest land to estimate volume, growth, Because the Unit boundaries in Minnesota changed
and mortality for the State. between surveys, the 1962 commercial forest area data

-were adjusted to take these changes into account.
Area statistics for the Superior National Forest Then, a portion of the 1962 commercial forest area

were preparedbytheSuperior's Timber Management was withdrawn and added to unproductive forest
staff from compartment examination records. Volume (noncommercial) and to nonforest to allow for

data for Superior National Forest land were prepared changes in the method of determining land uses. The
from permanent +sample plots established by Forest resulting adjusted 1962 commercial area was then
personnel. Superior National Forest data, were th_n used to adjust 1962 inventory, net growth, and mortal-
added to data for the rest of the State computed from ity volumes.
+10-point .variableradius plots.

A test was made to ensure that it was possible to
4. Statistics ontimber utilization during 1975 were move from the adjusted 1962 volumes to the new 1977

+obtained from mill surveys. The Minnesota Depart- volumes by means of Timber Resource Analysis Sys- "
ment of Natural Resources and the North Central tern (TRAS), a Forest Service computer program for
Forest Experiment Station canvassed State sawmills, updating, backdating, and projecting timber volume,
veneer mills, and other primary wood-using plants, growth, mortality, and removals. For the program to
The North Central Station canvassed State pulpmills, work, the 2 years to be reconciled must have compara-
as well as out-of-State sawmills, pulpmills, and veneer ble commercial forest land bases so that changes in
mills to determine their use of timber from Minneso- volumes between surveys reflect actual changes in
•ta. Fuelwood and fencepost output was based on a forest conditions or land use. Therefore, it was neces-
sample of private landowners and on a canvass of sary to adjust the 1962 data further so that land
industrial and public timber owners. Estimates of transferred from commercial forest to productive-
primary mill residue used for fuelwood were obtained reserved between the two surveys would not appear in
from the canvass of Minnesota primary wood-using the 1962 land base. If this adjustment were not made,
plants. Timber cut for products was determined for removals between 1962 and 1977 would appear artifi-
each ownershi p class by a canvass of public and indus- cially high to absorb the loss of timber from this
trial timber owners. The portion of timber cut unac- change in land status. This adjustment was made for
counted for by*the latter owners was grouped under the test only; area and volumes removed for the test

- "farmer and other owners." were added back into the 1962 reported data.

+ 5. A total of 1,028 felled trees on 80 active logging TRAS recalculated 1962 volumes using 1977 esti-
operations were measured throughout the State dur- mates of cubic foot volume per tree and 1977 board
ing 1975-1976 to develop wood utilization factors for foot-cubic foot ratios. This volume adjustment was
converting timber products output to timber removals necessary so that volume differences between surveys

, for saw logs and pulpwood. Factors for veneer logs represented actual change and not merely change in •
were obtained during the 1967-1968 Wisconsin utili- the volume equations used on each occasion.
zation study. Factors for all other products were ob-
tained during the 1960-1961 Minnesota utilization The adjusted 1962 volumes and area were distribut- .
study. + + ed among the four Survey Units. A check was made to

ensure that it was possible to move from the adjusted
6+ Fi:eld data were sent to St. Paul and compiled. 1962 volumes to the new 1977 volumes in each Unit.

14'
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This was done using the average periodic difference LOG GRADE
between growth and removals for the two surveys and

applyirig this difference to the 1962 volume. The same In Minnesota the butt log of every sawtimber tree
procedure was repeated for each individual species on every full permanent sample plot (12,994 trees) was
within each Unit to make sure inventory volumes graded for quality. Also graded were all logs in a
reported for each species were consistent with report- smaller sample of trees throughout the State (1,028
ed growth and removals volumes, trees). The volume yield by log grade for each tree in

Removals estimates for 1962 and 1977 are for total this smaller sample was used to distribute the volume

rem0vals, including timber cut in addition to "other" of trees in the larger sample into log-grade classes.
The resulting volumes by log-grade classes were ex-removals, and are trend level removals. "Other" re-

movals from transfer of commercial forest land to panded to provide an estimate for the entire State.

productive-reserved are not included. Previously Logs were graded on the basis of external character-
published 1960 estimates are of timber cut only and istics. Hardwood species were graded according to
do not include "other" removals. TRAS generated an "Hardwood Log Grades for Standard Lumber"
estimate of 1962 "other" removals to provide the (Vaughn et al. 1966). The best 12-foot section of the
adjusted 1962 total removals, lowest 16-foot hardwood log, or the best 12-foot upper

section if the butt log did not meet minimum log-
grade standards, was graded as follows:

P

o

Forest Service standard grades for hardwood factory saw logs

Specifications
'GradingFactors Loggrade1 Loggrade2 Loggrade$

Positionin tree Butts Buttsand Bunsanduppers Buttsand
only uppers uppers

• , |

Scalingdiame!er,inches 113-15 16-19 20+ =11+ 12+ 8+

Lengthwithouttrim,feet 10+ 10+ 8-9 10-11 12+ 8+
. . Min.length,feet 7 5 3 3 3 3 3 2

Requiredclearcuttings3 Max.number 2 2 2 2 2 2 3 Nolimit
of.eachofthreebestfaces= Min.proportion

of loglength 5/6 5/6 5/6 2/3 3/4 2/3 2/3 1/2
requiredin

• clearcutting

• For logswith
lessthan
one-fourthof 15percent 30 percent 50 percent
endinsound

Maximum defects
, sweep& crook

For logswithallowance .
morethan
one-fourthof 10percent 20 percent 35 percent
endinsound
defects

Maximumscalingdeduction ' 40 percents 50 percenff 50 percent

IAshandbasswoodbuttscanbe 12 inchesif theyotherwisemeetrequirementsforsmall#1's.
=Ten-inchlogsofallspeciescanbe#2'sif theyotherwisemeetrequirementsfor small#1's.
3Aclearcuttingis a portionof a face,extendingthewidthof theface,thatis freeof defects.
*A faceisone-fourthof thesurfaceof thelogasdividedlengthwise.
6Otherwise#I logswith41-60percentdeductionscanbe #2.
6Otherwise#2 logswith51-60percentdeductionscanbe #3.
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Forest Service .standard specifications for hardwood construction logs
. (tie and timber logs)
Position.in tree _ - Buttand upper

Min. diameter,smallend 8 inches+

Min.length, withouttrim " 8 feet

Clearcuttings No requirements

sweepalloWance,absolute One-fourthof the diameterof the
• smallend for each 8 feet of length.

.

Single knots Any number,if no one knot has an
averagediameterabove the callus in
e_cessof one-thirdof logdiameter

, at pointof occurrence.

Sound Whorledknots Anynumberif sumof knotdiameters '
surface abovethe callusdoesnot exceed
defects_ ' one-thirdof logdiameterat point

of occurrence.
f

• Holes Any number,providednonehas a diameter
overone-thirdof log diameterat point

" of occurrence,and noneextendsover3
- inchesinto includedtimber.=

Same requirementsas for sounddefects
Unsoundsurfacedefects if theyextendintoincludedtimber.=

No limitif theydo not.

• Sound No requirements.

Unsound Noneallowed;logmustbe sound
internally,but will admitone shake

End not to exceedone-fourthof the scaling
defects diameterand will admita longitudinal

splitnot extendingmorethan5 inches
into the containedtimber.

_-Thesespecificationsare minimumfor the class.If, from a groupof logs,factorylogsare selectedfirst, thus leavingonly nonfactorylogs
from whichto selectconstructionlogs,then the qualityrangeof the constructionlogsselectedis limited,and the classmay be considereda
grade.'If selectionfor constructionlogsis givenfirst priority,then it maybe necessaryto subdividethe classinto grades.

=Includedtimberis alwayssquare,and dimensionis judgedfrom smallend.

Softwood species were graded according to the

specifications on the following page.
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Log Grades for Eastern White Pine
.

Totalcull Allowableknot size
Sweep allowance Maximum (inches)zonthree

Log Minimumsize orcrook including weevil bestfacesorminimum
grade Diameter Length, allowance sweep injury clearnessonfourfaces

(inches) (feet) ...-(percent)-.-- (number) (inches)
I 1 12& 13 8-16 20 50 0 Fourfacesclearfull

length..

14+ 10-16 20 50 0 Twofacesclearfull
length,or fourfaces
clear50%length

I (6 feet rain.length)
i °r 3

I 2 6+ 8-16 . 30 50 0 Soundknots1.e_ D/6andlessthan3 inches.5
Unsoundknots:1.e
1-1/2inchesandfor:
butt,lotsl.e. D/12,

o upperlogsl.e. D/10,
• orfourfacesclear

50 percentof length

3 " 6+ 8-16 40 50 8 footlogs: Soundknots1.e.D/3 andless
1weevil than5 inches.

o

10foot+logs: Unsoundknotsl.e. D/6
2 weevils andlessthan2-t/2 inches.

4 6+ 8-16 50 50 Nolimit Nolimit

_PIustrim.
2Disregardallknotslessthan1/2-inchdiameterin allgrades.
_Thesumof thediameterof soundknotsplustwicethesumof thediameterof unsoundknots(ininches)is lessthanorequalto halfof

thediameterof thelog(inches).
'l.e. meanslessthanor equalto.
sDmeansd.i.b,of logatknot.

Log Grades for Jack Pine and log can be degraded below grade 3. Net scale after• _ deduction for defect must be at least 50 percent of the

' Red Pine gross contents of the log.

Grade 1: logs with three or four clear faces. 7 1. Sweep. Degrade any tentative I or 2 log one grade

Grade 2: logs with one or two clear faces, if sweep amounts to 3 or more inches and equals orexceeds one-third the diameter inside bark at small

Grade 3: logs with no clear faces, end.

After the tentative log grade is established, the log 2. Heart rot. Degrade any tentative 1 or 2 log one
will be degraded one grade for sweep or heart rot. No grade if conk, massed hyphae, or other evidence of

advanced heart rot is found.
i

' 7A face is one-fourth of the circumference in width Log Grades for All Other
extending full length of the log. Clear faces are those
free of knot s measuring more than 1/2-inch in diame- Softwood Logs .
ter, overgrown knots of any size, or holes more than Grade 1
1/4-inch in diameter. Faces may be rotated to obtain
the maximum number of clear ones. 1. Logs must be 16 inches or larger, 10 feet or longer,

-
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and with deduction for defect not over 30 percent of Hard maples:

gross scale. Sugar maple Acer saccharum
2. Logs must be at least 75 percent clear on each of Black maple Acer nigrum

three faces. Soft maples:

3. All knots outside clear cutting must be sound and Red maple Acer rubrum
not more than 2-1/2 inches in diameter. Silver maple Acer saccharinum

Ashes:
Grade 2 White ash Fraxinus americana._

1. Logsmust be 12 inches or larger, 10 feet or longer, Black ash Fraxinus nigra
andwith a net scale after deduction for defect of at Green ash Fraxinus pennsylvanica

least 50. percent of the gross contents of the log. Balsam poplar Populus balsamifera
2. Logs must be at least 50 percent clear on each of Paper birch Betula papyrifera

three faces or 75 percent clear on two faces. Aspens:
Bigtooth aspen Populus grandidentata

Grade 3 . Quaking aspen Populus tremuloides

1. Logs must be 6 inches or larger, 8 feet or longer, and Basswood Tilia americana
with a net _sca!e after deduction for defect of at least Elms:

50 percent of the gross contents of the log. American elm Ulmus americana
Slippery elm Ulmus rubra

Note: (A) Diameters are d.i.b, at small end of fog. Rock elm Ulmus thomasii

(B) Percent clear refers to percent clear in one Select hardwoods:
continuous section. Butternut Juglans cinerea

Black walnut Juglans nigra
Black cherry Prunus serotina "

PRINCIPAL TREE SPECIES Othe_h_dwood_:
Boxelder Acer negundo

• GROUPS IN MINNESOTA Rive_ birch Betula nigra

(Little 1979) Hackberry Celtis occidentalisEastern cottonwood Populus deltoides

SOFTWOODS Black willow Salix nigra

Eastern white pine Pinus strobus Kentucky coffeetree Gymnocladus dioicus
Red pine Pinus resinosa

Jack pine Pinus banksiana

sl_k spruce Pi_a mariana METRIC EQUIVALENTS OF
White spruce Picea glauca
Balsam fir Abies balsamea UNITS USED IN THIS

Tamarack LarixZaricina REPORT
Northern white-cedar Thuja occidentalis

Other softwoods: 1 acre - 4,046.86 square meters or 0.405 hectare.
Eastern redcedar Juniperus virginiana 1,000 acres - 405 hectares.
ScOtch pine Pinus sylvestris 1,000 board feet (International 1/4-inch log rule) --

HARDWOODS 3.48 cubic meters.

White oaks: Breast height - 1.4 meters above the ground.
White oak Quercus alba 1 cubic foot - 0.0283 cubic meter.
Bur oak Quercus macrocarpa 1 foot -- 30.48 centimeters or 0.3048 meter. •

Swamp white oak Quercus bicolor I inch -- 25.4 millimeters, 2.54 centimeters, or 0.0254
Select red oak: meter.

Northern red oak Quercus rubra
Other red Oaks:

Bla_ko_k Qu_rcu__lutina DEFINITION OF TERMS
Northern pin oak Quercus eUipsoidalis

HiCkories: Land-use Classes
Shagbark hickory Carya ovata
Bitternut hickory Carya cordiformis Gross area.- The entire area of land and water

Yellow birch Betula aUeghaniensis as determined by the Bureau of Census, 1970.
.
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Land area. -- The area of dry land and land Indian.- Tribal lands held in fee but adminis-
temporarily or partially covered by water such as tered by the federal government.
marshes, swamps, flood plains, streams, sloughs, and
estuaries. Canals less than 1/8-mile wide, and lakes, Forest industry.- Land owned by companies or
reservoirs, and ponds smaller than 40 acres are includ- individuals operating primary wood-using plants.
ed as land area. These figures are from the Bureau of Farmer-owned. -- Land owned by operators of
Census, 1970. farms. A farm must include 10 or more acres from

Forest land. -- Land at least 16.7 percent which the sale of agricultural products totals $50 or
stocked by forest trees of any size, or formerly having more annually, or if less than 10 acres, the yield must
Such tree cover, and not currently developed for be at least $250 annually.

nonforest use. Includes afforested areas. The Farmer-owned, leased. -- Land owned by oper-
minimum forest area classified was 1 acre. Roadside, ators of farms but leased to other parties.
streamside, and shelterbelt strips of timber must
have a crown width of at least 120 feet to qualify Miscellaneous private-corporation.- Land
as foresl_land. Unimproved roads and trails, streams, owned by a private corporation not in the business of
and Clearings in forest areas were classed as forest operating primary wood-using plants.

if less than 120 feet wide. Miscellaneous private-individual. _ Land
Commercial forest land.- Forest land that is owned by a private individual.

producing or iscapable of producing crops of industri-
al wood and that is not withdrawn from timber utiliza- Miscellaneous private-corporation, leased.
tion by statute or administrative regulation. This in- -- Land owned.by private corporations but leased to
cludes areas capable of producing in excess of 20 cubic other parties.
feet per acre of annual growth. This includes both Miscellaneous private-individual, leased.
inaccessible and inoperable areas. Land owned by private individuals but leased to other

Noncommercial forest land.- (a) Unpro- parties.

• ductive -- forest land incapable of yielding crops of Tree Classesindustrial wood because of adverse site conditions, (b)
Pr0ductive-reserved -- forest land withdrawn All live trees.- Growing-stock, rough, and rot-..
from commercial timber use through statute or ad- ten trees 1 inch d.b.h, and larger.

•ministrative regulation, or exclusively used for Christ- Growing-stock trees. -- All live trees of com-
mas tree production, mercial species except rough and rotten trees.

Nonforest land.- Land that has never
Supported forests, and land formerly forested where Desirable trees. -- Growing-stock trees having
use is precluded by development for nonforest uses, no serious quality defects that would limit present or
such as cropland, improved pasture, residential areas, prospective use, possessing relatively high vigor, and

•and City parks. Also includes improved roads and containing no pathogens that may kill or seriously
adjoining rights-of-way, powerline clearings, and damage them before rotation age. These are trees that
certain areas of water classified by the Bureau of would be favored by forest managers in silvicultural
census asland.Unimprovedroads,streams,canals, operations.

and nonforest Strips in forest areas must be more Acceptable trees. _ Trees meeting the stan-
than 120 feet wide, and clearings in forested areas dards for growing stock but not qualifying as desirable
must be more than 1 acre in size, to qualify as trees.
nonforest land.

Sawtimber trees.- Growing-stock trees of com-
Ownership Classes mercial species containing at least a 12-foot saw log or

National forest. -- Federal land that has been two noncontiguous saw logs, each 8 feet or longer. At
designated by executive order or statute as National least 33 percent of the gross volume of the tree must
Forests or purchase units and other land under the be sound wood. Softwoods must be at least 9 inches
administration of the USDA Forest service, d.b.h, and hardwoods at least 11 inches d.b.h.

Other Federal. -- Federal land other than Na- Poletimber trees.- Growing-stock trees of com-
tional Forest. mercial species at least 5 inches d.b.h, but smaller

than sawtimber size and of good form and vigor.
State, county, and municipal.- Land owned

by states, counties, or local public agencies, or land Saplings. -- Live trees of commercial species I to
leased by them for more than 50 years. 5 inches d.b.h, and of good form and vigor.
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Seedlings.-- Live trees of commercial species less Stand-size Classes
than I inch d.b.h, that areexpected to survive accord-

ing to regional standards (examples of seedlings not Stand. -- A growth of trees on a minimum of 1 acre

eipected to survive are those that are diseased or of forest land that is stocked by forest trees of any size.
heavily damaged by logging, browsing, or fire). Only
softwood seedlings more than 6 inches tall and hard- Sawtimber stands. -- Stands at least 16.7 per-
wood seedlings over 1 foot in height are counted, cent stocked with growing-stock trees, at least half of

which are sawtimber or poletimber trees, and
Rotten trees.- Live trees (any size)of commer- sawtimber stocking at least equal to that of pole-

cial species that do not contain a merchantable 12- timber.
foot saw log or two noncontiguous 8-foot or longer saw

logs, now or Prospectively, because of rot (that is, Poletimber stands.- Stands at least 16.7 per-
when more than 50 percent of the cull volume of the cent stocked with growing-stock trees, at least half of
tree is rotten). _ which are sawtimber and/or poletimber trees, and

poletimber stocking exceeding that of sawtimber.
Rough trees.- Live trees that d_ not contain at

least One merchantable 12-foot saw log or two noncon- Sapling-seedling stands. -- Stands at least 16.7
tiguous 8-foot or longer saw logs, now or prospectively, percent stocked with growing-stock trees and with
because Of roughness and poor form. Includes all live saplings and/or seedlings comprising more than half

of this stocking.noncommercial species. ,

ShOrt-lag (rough trees). -- Sawtimber-sized Nonstocked areas, m Commercial forest land on
which stocking of growing-stock trees is less than 16.7trees of commercial speciesthat contain at least one

merchantable 8- to l 1-foot saw log but not a 12-foot percent.

saw log. o: . Other Classifications "
 tocking Site index.- An expression of forest site quality

The degree of utilization of land by trees as mea- based on the height of a free-growing dominant or
sured in terms of basal area and/or the number of codominant tree of a representative species in the
trees in a-stand compared to the basal area and/or forest type at age 50.
number of trees required to utilize fully the growth
potential of the land. Site class.- A classification of forest land in

terms of inherent capacity to grow crops of industrial
A stocking percent of 100 indicates full utilization wood expressed in cubic-foot growth per acre per year.

of the site and is equivalent to 80 square feet of basal
area per acre in trees 5 inches d.b.h, and larger. In a Stand-age. -- Age of the main stand. Main stand
stand of trees less than 5 inches d.b.h., a stocking refers to trees of the dominant forest type and stand-
percent of 100 would indicate that the present number size class.

of trees is sufficient to produce 80 square feet of basal Basal area. n The area in square feet of the cross
area pe r acre when the trees reach 5 inches d.b.h, section at breast height of a single tree. When the

Stocking of all live trees, growing-stock trees, and basal area of all the trees in a stand are summed, the
" desirable trees are recorded separately and stands are result is usually expressed as square feet of basal area

grouped _into the following stocking classes, per acre.

Stocking Classes Forest Types
Overstocked stands, n Stands in which stock- A classification of forest land based on the species

ing of trees, is 133 percent or more. forming a plurality of live-tree stocking. Major forest '

Fully-stocked stands. -- Stands in which stock- types in Minnesota are:
ing Of trees" is from 100 to 133 percent. Jack pine.- Forests in which jack pine comprises

a plurality of the stocking. (Common associates in-Medium-stocked stands.- Stands in which
clude eastern white pine, red pine, aspen, birch, and

stocking of t trees is from 60 to 100 percent, maple.)
P0oriy-stocked stands.- Stands in which

Red pine.- Forests in which red pine comprises a
Stocking of trees is from 16.7 to 60 percent, plurality of the stocking. (Common associates include

Nonstockedareas.--Commercialforestlandon eastern white pine, jack pine, aspen, birch, and
which stocking of trees is less than 16.7 percent, maple.)

-
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White pine.- Forests in which eastern white pine Timber Volume
comprises a plurality of thestocking. (Common asso-

ciates include red pine, jack pine, aspen, birch, and Volume of growing stock. -- Net volume in
maple.) cubic feet of growing-stock trees 5.0 inches d.b.h, and

Balsam fir.- Forests in which balsam fir and over, from a 1-foot stump to a minimum 4.0-inch top

white spruce CompriSe a plurality of the stocking with diameter outside bark of the central stem or to the
balsam fir the most common. (Common associates point where the central stem breaks into limbs. Cubic

feet can be converted to cords by multiplying by 79include white spruce, aspen, maple, birch, northern

white-ceda r, and tamarack.) cubic feet per solid wood cord.
Volume of sawtimber. -- Net volume of the saw

White spruce. -- Forests in which white spruce log portion of live sawtimber trees in board feet (In-
and balsam fir comprise a plurality of the stocking ternational 1/4-inch rule) from stump to a minimum 7•with white spruce _the most common. (Common asso-

ciatesincludebalsam fir, aspen, maple, birch, north- - inches top diameter outside bark (d.o.b.) for
ern white-cedar, and tamarack.) softwoods and a minimum 9 inches top d.o.b, for• hardwoods.

Black spruce.- Forests in which swamp conifers

comprise a"plurality of the stocking with black spruce Upper stem portion. -- That part of the bole ofsawtimber trees above the merchantable sawtimber
the most common. (Common associates include tama-

top to a minimum top diameter of 4 inches outsiderack and northern white-cedar.) ,
• bark or to the point where the central stem breaks into

Northern white-cedar.- Forests in which limbs.

swamp conifers comprise a plurality of the stocking

with northern white-cedar the most common. (Corn- Growth and Mortalitymon associates include tamarack and black spruce.)

Tamarack. -- Forests in which swamp conifers Net annual growth of growing stock.- The
comprisea plurality of the stocking with tamarack the annual change in volume of sound wood in live grow-
most common. •(Common associates include black ing-stock and sawtimber trees and the total volume of
spruce and northern white-cedar.) trees entering these classes through ingrowth, less

Oak.- Forests in which northern red oak, white volume losses resulting from natural causes.

oak, or bur oak, singly or in combination, comprise a Net annual growth of sawtimber. -- The an-
plurality of the stocking. (Common associates include nual change in volume of live sawtimber trees and the
elm, maple, and aspen.) total volume of trees reaching sawtimber size, less

volume losses resulting from natural causes.
Elm-ash-cottonwood.- Forests in which low-

land elm, ash, cottonwood, and red maple, singly or in Mortality of growing stock. -- The volume of
combination, comprise a plurality of the stocking, sound wood in growing-stock trees that died during
(Common associates include basswood, and balsam the year.

poplar.) Mortality of sawtimber. _ The net board-foot

Maple-basswood. _ Forests in which sugar ma- volume of sawtimber trees that died during the year.
pie, basswood, yellow birch, upland American elm,

and red maple, singly or in combination, comprise a Timber Removals
plurality of the stocking. (Common associates include

white pine, and elm.) Timber removals from growing stock.

Aspen.--Forests in which quaking aspen or The volume of sound wood in growing-stock trees
bigtooth aspen, singly or in combination, comprise a removed annually for forest products (including
plurality of thestocking. (Common associates include roundwood products and logging residues) and for

_ balsam poplar, balsam fir, and paper birch.) other removals. Roundwood products are logs, bolts,
or other round sections cut and used from trees.

Paper birch. Forests in which paper birch Logging residues are the unused portions of cut trees
comprises a pluralitY of the stocking. (Common asso- plus unused trees killed by logging. Other removals
ciates include maple, aspen, and balsam fir.) are growing-stock trees removed but not utilized for

Balsam poplar.- Forests in which balsam pop- products or trees left standing but "removed" from
lar comprises a plurality of the stocking. (Common
associates include aspen, elm, and ash.)

•
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the commercial forest land classification by land use trees, cull trees, salvable dead trees, trees on nonforest
change- examples are removals from cultural opera- land, noncommercial species, sapling-size trees, and
tions such'as timber stand improvement work, land limbwood. Byproducts from primary manufacturing
clearing, and changes in land use. plants include slabs, edgings, trimmings, miscuts,

sawdust, shavings, veneer cores and clippings, andTimber remQvals from sawtimber.- The net
board-foot volume of live sawtimber trees removed.for pulpmill screenings that are used as pulpwood chips

or other products.
forest products annually (including roundwood prod-
ucts and logging residues) and for other removals. Plant byproducts. -- Plant residues used for

Timber products output.--All timber products products such as mulch, pulp chips, and fuelwood.
cut from roundwood, and byproducts of wood manu- Plant residues.- Wood and bark materials gen-
facturing plants. Roundwood products include logs, erated at manufacturing plants during production of
bolts, or other round sections cut from growing-stock other products.

TABLES
P

TEXT TABLES Table 9.--Net volume of growing stock, sawtimber,
" short-log,and roughand rottentreeson

Table1.mNet•volumeoftimberon commercialforest commercialforestland by individual

land by class of timber and softwoods and species.

hardwoods. Table 10.--Net volume of growing stock on commer-

Table 2.--Net volume of growing stock on commercial cial forest land by species group and For-
" forest land by ownership class and est Survey Unit.

softwoods and hardwoods. Table 11.--Net volume of sawtimber on commercial

Table &--Net volume of growing stock on commercial forest land by species group and Forest
forest land by stand-age class of softwood Survey Unit.
and hardwood forest types. Table 12.--Net volume of growing stock on commer-

Table 4.--Net annual growth and removals of growing cial forest land by species group and di-
" stock on commercial forest land for 1976 ameter class.

and average annual predicted yields from Table 13.--Net volume of sawtimber on commercial
Selected cutting prescriptions for 1977-1986 forest land by species group and diameter
by softwoods and hardwoods and Forest class.
Survey Unit.

• Table 14.--Net volume of growing stock on commer-

" VOLUME cial forest land by species group and forest
type.

Table5.--Netvolumeofgrowingstockandsawtimber Table15.--Netvolumeofsawtimberon commercial
oncommercialforestlandbyspeciesgroup, forestlandby speciesgroupand forest
1962 and 1977. type.

Table6._Cubicfootvolumeinalllivetreeson com- Table16._Netvolumeofgrowingstockon commer- "
mercialforestlandby speciesgroupand cialforestlandby speciesgroupand own-
diameterclass, ershipclass.

Table7.mNetVolumeoftimberon commercialforest Table17.--Netvolumeofsawtimberon commercial

• landby classoftimberand softwoodsand forestlandby speciesgroupand owner-
hardwoods, shipclass.

Table8.mNetvolumeofgrowingstockandsawtimber Table18.--Netvolumeofgrowingstockon commer-
On commercialforestlandby countyand cialforestlandby foresttypeand stand-
speciescategory, age class.
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Table 19.-_Net volume of sawtimber on commercial Table 34.--Timber removals from growing stock on

forest land by forest type and stand-age commercial forest land by species group
class, and Forest Survey Unit..

Table 20.--Net volume of sawtimber on commercial Table 35.--Timber removals from sawtimber on corn-

forest land by species and log grade class, mercial forest land by species group and
Forest Survey Unit.Table 21.--Net volume of short-log trees on commer-

cial forest land by species group and diam- Table 36.--Net annual growth and removals of grow-
eter class (In thousand cubic feet), ing stock on commercial forest land by

species group.
Table 22.--Net Volume of short-log trees on commer-

cial forest land by species group and diam- Table 37.--Net annual growth and removals of saw-
eter class (In thousand board feet), timber on commercial forest land by spe-

• cies group.

• Table 38._Net annualgrowthand removalsofgrow-

AND REMOVALS ingstockon commercial forestland by
ownership class and softwoods and
hardwoods.

Table 23.--Net annual growth of growing stockon
commercialforestlandby softwoodsand Table 39.--Netannualgrowth and removalsofsaw-

hardwoods, 1962 and 1976. timberon commercialforestlandby own-

ership class and softwoods and
Table"24.--Net annual growth of growing stockon hardwoods.

commercialforestland by speciesgroup

and Forest Survey Unit.

Table 25.--Net annual growth of sawtimber on corn- MORTALITY
mercial forest land by species group and

Forest Survey Unit. Table 40.--Annual mortality of growing stock and

Table 26.--Net annual growth of growing stock on sawtimber on commercial forest land by
commercial forest land by species group species group.

and ownership class. Table 41.--Annual mortality of growing stock on corn-
Table 27.--Net annual growth of sawtimber on corn- mercial forest land by species group and

mercial forest land by species group and cause.

ownership class. Table 42.--Annual mortality of sawtimber on corn-

Table 28.--Net annual growth of growing stock on mercial forest land by species group and
commercial forest land by species group cause.

and forest type. Table 43.--Annual mortality of growing stock and

iTable 29.--iNet annual growth of sawtimber on com- sawtimber on commercial forest land by
_ mercia] forest land by species group and ownership class and softwoods and

forest type. hardwoods.

Table 30.--Net annual growth of growing stock on
commercial forest land by forest type and
stand-age cl  s. UTILIZATION

Table 31.--Net annual growth of sawtimber on corn- Table 44.--Output of timber products by source of
• mercial forest land by forest type and material and softwoods and hardwoods.

stand-ageclass.

Table 32.-'Timberremovalsfrom growingstockand Table 45.--Outputofroundwood productsby sourceand softwoodsand hardwoods.
• sawtimber on commercial forest land by

species group, 1962 and 1976. Table 46.--Forest products harvested by ownership

Table 33.'-Timber removals from growing stock and class and product.
, sawtimber on commercial forest land by Table 47.--Timber products from roundwood by spe-

item and species category, cies group and product.
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Table 48.--Volume of primary plant residue by kind tory of growing stock on commercial forest
of material and type of use. land, 1977, and high removals option pro-

" jections to 2007.
. .

PROJECTIONS
SAMPLING ERRORS

Table 49.--Removals, net annual growth, and inven-

tory of growing stock on commercial forest
Table 51._Sampling errors for estimates smaller

land, 1977, and low removals option pro- than the State totals of volume, net

jections to 2007. growth, removals, and area of commercial

Table 50.mRemovals, net annual growth, and inven- forest land.• .

Table 5.--Netvolume of qrowinq stgck and sawtimberon commercialforest land

• by species group, Minnesota,--1/1962and 1977

•" Growin,qstock Sawtimber

Species 1_/1962 1977 _1/1962 1977 o

Thousand cuhic feet 2_/Thousandhoard feet

SOFTWOODS
• White pine 191,796 194,797 90(1,060 1,068,372

Red pine 325,301 434,556 1,530,249 1,952,896
Jack pine 733,320 593,704 1,402,842 1,566,444
Spruce 813,347 717,920 849,704 1,109,131
Balsam fir 765,270 893,608 791,442 1,338,249
Tamarack 3(12,558 250,589 281,5(10 346,5(18
Northern white-cedar 251,867 387,215 376,843 1,142,761
Other softwoods -- 4,618 -- 6,228

• Total 3,383,459 3,477,007 6,132,640 8,530,589

HARDWOnDS
White oak 278,877 358,272 817,696 1,076,044
Red oak 433,424 581,563 1,027,215 1,82(1,036
Yellow birch 13,904 1(1,611 63,839 39,926
Hard maple 134,865 189,024 455,532 489,619
Soft maple 94,42q 131,845 232,890 281,999
Ash. 426,1(17 538,(186 758,(102 993,952

, Paper birch 841,822 1,?73,982 401,(134 1,234,388
• • Aspen 2,79(1,752 3,410,720 2,2(18, (144 5,974,671

Basswood 239,667 402,424 719,(173 1,116,835
, Elm 341,740 431,437 1,257,911 1,6(17,307

Other hardwoods 464,614 649,(126 71(1,952 1,441,832
Total 6,06n,201 7,976,99(1 8,742,1}18 16,076,609

' All species o,443,66(1 . 11,453,997 14,1874,828 24,607,198

I/Fi,qures have been adjusted from those published after the 1962 survey to conform to
1977-volumes because of chanqes in survey definitions and procedures.

_2/InternationalI/4-inchrule.
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Table 7.--Net volume of timber on commercial forest land by class
of timber and softwoods and hardwoods, Minnesota, 1977

. (In thousand cubic feet)

_

•Class of All -
timber species Softwoods Hardwoods

O_ROWI NG-STOCKTREES
Saw loq trees

•- Saw log portion 3,499,363 1,292,396 2,2(}6,967
Upperstem portion 1,232,785 426,2(19 8(_6,576

Subtotal 4,732,148 1,718,6(}5 3,013,543

Poletimber 6,721,849 1,758,4(}2 4,963,447

Total 11,453,997 3,477,(}(}7 7,976,99(}

- CULL TREES
Rough and rotten cull trees

_. Sawtimber 473,416 • 72,602 400,814
' Pol etimber 733, g60 i(}6,257 627,7(}3

Subtotal L!,2(}7,376 178,859 I,(128,517
• Short-loq cull trees

Sawt i mber IF_4,457 27, (16(} . 157,397
. " Poletimber ......

•" Subtotal 184,457 27,06f_ 1.57,397

Total 1,391,833 2(15,919 1,I_R5,914

SALVABLEDEADTREES 107,(}31 47,856 59,175

• All classes 12,952,861 3,730,782 9,222,079

, r
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Table 9.--Net volume of growing stock,,sawtimber,short-log,and rough and rotten trees on
. commercial forest land by individualspecies, Minnesota,1977

Total Growing Short- Rough and
" Species all Iive stock log rotten Sawtimber

_

Thousand o,
-Thousandcubic feet board feetZ-/

SOFTWOODS

White pine 205,023 194,797 1,729 8,497 1,068,372
Red pine 437,926 434,556 785 2,585 1,952,896

" Jack pine 619,449 593,704 4,109 21,636 1,566,444
Scotch pine 1,165 1,036 -- 129 1,666
White spruce 183,887 180,969 264 2,654 648,730
BIack spruce 552,013 536,951 1,208 13,854 460,401
Balsam fir 937,200 893,608 4,229 39,363 1,338,249
Tamarack 277,608 250,589 2,462 24,557 346,508
Northern white-cedar 463,876 387,215 11,883 64,778 1,142,761
'Easternredcedar • 4,779 3,582 391 806 4,562

Total 3,682,926 3,477,007 27,060 178,859 8,530,589
HARDWOODS

_, ; White oak 65,467 54,086 3,761 7,620 204,223
Bur oak 349,191 304,186 12,310 32,695 871,821
Swamp white oak 124 , .... 124 --
.Northernred oak 628,225 568,939 13,346 45,940 1,763,622
Black oak 2,734 2,372 -- 362 10,525
Nori_hernpin oak 11,110 10,252 385 473 45,889

.- Bitternut hickory 5,294 5,211 -- 83 6,798
Shagbark hickory 11,916 11,207 200 509 25,585
Yellow birch 18,196 10,611 2,057 5,52.8 39,926 "
Sugar maple 262,890 188,534 10,015 64,341 487,955
Black maple 833 490 -- 343 1,664
Red maple 134,415 100,171 1,519 32,725 110,402

• Silver maple 37,578 31,674 1,869 4,035 171,596
White ash 2,809 2,349 -- 460 10,239
Black ash 485,614 449,732 4,003 31,879 727,731
Green ash 97,471 86,005 1,364 10,102 255,982
Balsam poplar 598,970 548,624 5,239 45,107 1,101,406
Paper birch 1,416,500 1,273,q82 11,929 130,589 1,234,388
Bi.qtoothaspen 201,225 174,315 3,398 23,512 303,391
Quaking aspen 3,782,905 3,236,405 60,256 486,244 5,671,280
Basswood 442,931 402,424 7,295 33,212 1,116,835

• American elm 449,804 398,468 14,725 36,611 1,461,780
Slippery elm 31,155 28,681 465 2,009 129,165
Rock elm 4,920 4,288 104 528 16,362
Butternut 7,659 5,575 354 1,730 13,357
Black walnut 5,071 4,686 124 261 13,690
Black cherry 10,181 8,055 11 2,115 13,145
BoxeIder 33,332 22,203 1,133 9,996 53,725
River birch 504 300 73 131 289

. . Hackberry 4,142 3,585 242 315 14,923
•" Eastern cottonwood 23,205 21,589 887 729 117,565

Black w_l.low 19,076 17,561 257 1,258 80,118
, Kentucky coffeetree 573 430 76 67 1,231

Noncommercial 16,884 .... 16,884 --

Total 9,162,904 7,976,990 157,397 1,028,517 16,076,608
..

' All species- 12,845,830 11,453,997 184,457 1,207,376 24,607,197

_I/InternationalI/4-inchrule.
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Table 1N.--Net volume of growing stock on commercial forest land by species group
and Forest Survey Unit, Minnesota, 1977

.. (In thousand cubic feet)

- A11 Aspen- Northern Cent ra 1
Species. units Birch .: Pine Hardwood Prairie

SOFTWOODS
White pine 194,797 91,561 90,495 12,741 --
Red pine 434,556 147,197 273,024 13,843 492
•Jack pine 593,7N4 212,572 3701,689 10,151 292
White spruce 18N,969 136,485 42,389 I, 705 390
Black spruce 536,951 419,971 113,362 3,555 63
Bal..samfir 893,608 559,387 328,134 5,913 174
Tamarack 25N, 589 75, (163 15N,313 24,900 313
Northern white-cedar " 387,215 246,561 140,654 ....

.Other softwoods 4,618 138 394 3,261 825

Total 3,477,007 1,888,935 1,509,454 76,069 2,549
_. HARDWOODS

Select white oak 358,272 5,277 119,986 172,960 60,c}49
Select red oak 568,939 9,347 217,524 326,516 15,552
Other red oak 12,624 -- I,O15 11,087 522
Hi ckory 16,418 -- 520 15,522 376
Yellow birc-h IN,611 , 6,861 3,552 198 --
Hard maple 189,N24 43,352 83,680 54,508 7,484
Soft maple 131,845 38,495 49,757 - 40,258 3,335
Ash " 538, N86 196,644 24I, 2(10 76,509 23,733

-Balsam poplar 548,624 244,477 265,529 12,839 25,779
Paper. birch 1,273,982 620,775 538,764 111,395 3,0148
Bigto.othaspen 174,315 21,0101 123,0116 30,271 27 -
Quaking aspen 3,236,4N5 1,365,737 1,519,243 254,226 97,199
Basswood 402,424 35,262 2013,813 133,839 29,510
Elm 431,437 45,431 141,808 185,338 58,860

• Select hardwoods IR,316 53 2,0105 14,303 1,955
Other hardwoods 65,668 428 2,028 30,978 32,234
•Nohcommercialspecies ..........

_Total 7,976,990 2,633,140 3,513,440 1,470,747 359,663

All species 11,453,997 4,522,075 5,022,894 1,546,816 362,212

• , f

• i
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Table 11.--Net volume of sawtimber on counmercialforest land by species group
and Forest Survey Unit, Minnesota, 1977

. (In thousand board feet)l__/

AlI Aspen- Northern Central
Species units Birch Pine Hardwood Prairie

SOFTWOODS"
White pine 1,068,372 515,487 489,804 63,081 --

" Red pine 1,952,896 596,918 1,310,295 42,516 3,167
Jack pine 1,566,444 589,587 952,613 23,144 1,100
White spruce 648,730 471,316 168,448 7,172 1,794
Black spruce 460,401 371,239 87,515 1,647 --
BaIsam fir 1,338,249 741,009 588,296 8,944 --
Tamarack 346,508 86,831 210,950 48,280 447
Northern white-cedar 1,142,761 768,841 373,920 ....
Other softwoods 6,228 "-- 364 4,605 1,259

Totai 8.,530,589 4,141,228 4,182,205 199,389 7,767
- HARDWO()DS:

Select white oak 1,076,044 13,774 264,498 570,892 226,880
Select red oak 1,763,622 23,285 439,583 1,237,647 63,107
Other red oak 56,414 -- 1,141 52,870 2,403
Hi ckory 32,383 -- 444 31,088 851
Yellow birch •39,926 ' 27,091 11,866 969 --
Hard maple 489,619 56,909 204,393 198,945 29,372
Soft maple. 281,998 30,931 75,450 158,376 17,241
As_h 993,952 312,399 352,993 227,791 100,769

Balsam poplar 1,101,406 481,135 572,553 18,664 29,054
Paperbirch 1,234,388 591,221 570,799 69,492 2,876
Bigtooth aspen. 303,391 32,683 213,453 57,255 -- "
Quaking aspen 5,671,280 2,371,583 2,843,092 388,128 68,477
Basswood 1,116,835 64,530 413,860 489,971 148,474
Elm 1,607,307 176,959 468,485 691,004 270,859

• Select hardwoods 40,192 -- 2,223 32,630 5,339
Other hardwoods 267,851 868 3,712 128,643 134,628
Noncommercialspecies ..........
TotaI 16,076,608 4,183,368 6,438,545 4,354,365 1,100,330

All species 24,607,197 8,324,596 10,620,750 4,553,754 1,108,097

_l/International1/4-inchrule.
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Ta.b]e14.--Net volume of .qrowingstock on commercial forest land by species group
and forest type, Minnesota,1977

. (In thousand cubic feet)

.: Forest type
Northern

All Jack Red White Balsam White Black white-

.. Species types pine pine pine fir spruce spruce cedar
SOFTWOODS_

White.pi'ne" 194,797 2,788 45,377 52,529 11,887 1,009 2,787 2,631
Red pine. 434,556 38,735 251,343 16,619 12,406 1,119 1,839 3,477
Jack pine., 593,704 435,520 16,837 5,630 6,558 2,506 15,145 1,862 ,
White spruce 180,9.69 2,337 4,222 6,694 34,120 20,094 8,614 2,363
Black spruce - 536,951 16,129 1,403 803 54,748 1,244 342,917 38,975
Balsam.fir 893,608 5,764 14,921 3,F_50 299,047 4,765 29,742 33,255
-Tamarack- 250,5F_9 125 281 -- 11,F)15 624 37,677 11,725
_Iorthern

White-cedar 3F_7,215 -- 312 211 42,370 1,760 10,264 235,540
Other softwoods 4,618 -- 589 ...... 184 --

Tota,l- _ 3,477_007 501,398 335,285 86,336 472,151 33,121 449,169 329,828
HARDWOODS
Select White oak 358,272 854 2_.6 623 613 29 ....
Select red oak 568,939 2,628 1,037 571 152 -- 197 --
Other red oak 12,624 ...............
Hickory . " 16,41Ft ..............
YeI1ow.-birch 1(I,611 ...... 308 .... 715
Hard maple 189,(124 .... 221 607 ......
Soft maple 131,F_45 1,334 56 870 2,426 -- 286 57 "
Ash 538,086 64 12g 345 8,550 -- 2,115 9,017
Balsam poplar '548,624 579 559 46 19,671 722 1,110 6,635
Paper birch 1,273,982 11,385 24,693 4,421 93,342 8,572 7,902 24,318
Bigtooth aspen 174,315. 3,248 2,887 37 789 -- 311 516
Quaking .aspen• 3,236,405 38,439 14,328 10,143 77,556 7,516 32,326 7,309
Basswood. 402,424 63 -- 465 1,448 ......
Elm! , 431,437 124 43 -- 1,.530 -- 79 172
Select hardwoods !8,316 ..............
Other hardwoods. 65,668 225 118 ..........
NoncOmmerCial

species ................

Total 7,976,990 58,943 44,076 17,742 206,992 16,839 44,326 48,739

All _species 11,453,997 560,341. 379,361 104,078 679,143 49,960 493,495 378,567
(Table 14 continued on next page)
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_Table 14 continued)
Forest type

o

-. Oak Elm-ash- Maple- Paper Balsam Non-

Species Tamarack hickory cottonwood basswood Aspen birch poplar stocked
SOFTWOODS

White pine 1,248 2,422 1,583 12,990 43,05(1 14,053 443 --
Red pine 514 6,075 322 766 75,167 25,F_65 309 --
Jack pine 1,047 6,565 442 1,700 87,605 9,032 1,162 2,093

.- White spruce 488 554 5,123 7,715 65,257 17,996 5,392 --
B1a'ck spruce 21,379 86 2,265 975 48,382 4,671 2,537 437
Balsam 'fir 3,478 577 35,475 42,678 292,578 84,111 39,590 3,777
Tamarack 161,i29 214 3,179 2,566 11,F_72 4,983 4,371 828
Northern.

white,cedar 4,7(16 -- 20,393 12,048 31,292 12,495 6,419 405
r Other softwoods -- 2,275 _R9 1,019 45 296 121 --

Total 193,989 18,768 77,871 82,457 655,248 173,502 60,344 7,540
I HARDWOODS ,
i -Sel.ect white oak -- '186,573 7,989 64,565 F_5,978 8,692 1,924 206

Select red oak 197 345,887 1,118 66,373 120,485 29,402 892 --
i Other r_d oak -- 9,034 317 1,774 1,296 69 134 --

HiCko_y -- 12,728 -- 2,863 -- 827 ....
Yellow birch .... 1,814 6,110 250 1,185 229 --
Hard maple -- 5,497 __,901 147,695 23,019 8,550 1,430 104

•Soft' map!.e 253 5,064 28,F_23 34,196 40,287 17,832 361 --
Ash 424 9,393 267,189 95,747 98,9:57 24,632 20,901 623
Balsam popl ar 2,308 1,949 21,942 16,858 231,.042 23,691 221,373 139
Paper birch 3,135 44,595 28,129 81,071 448,945 467,891 24,200 1,383
Bi gtooth aspen -- II,001 1,233 9,597 135,755 8,588 353 --
Quaking. aspen 2,604 53,146 22,274 85,594 2,697,885 124,144 59,467 3,674 -
Basswood -- 30,356 11,609 27.1,204 69,857 15,372 2,050 --
Elm 910 36,307 70,521 225,013 67,648 14,916 13,654 520
SeleCt hardwoods -- 10,080 607 5,204 1,911 389 67 58

• Other hardwoods -- 3,908 40,945 16,554 3,362 -- 213 343
L Noncommerc i al
l speci es ............

Total 9,F_31 765,518 506,411 1,130,418 4,026,677 746,180 347,248 7,050

All species 203,820 784,286 584,282 1,212,875 4,681,925 919,682 407,592 14,590

I "
if.

I , I

l
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Table 1._.--r!etvolume of sawtimber on commercial forest land by species. .

group and forest type, Minnesota,1977

(In thousand board feet)_1/

Forest type
Northern

All Jack Red White Balsam White Black white-

Species types pine pine pine fir spruce spruce cedar
..

SOFTWOODS _
White pine 1,F)68,372 10,856 237,978 289,021 72,837 6,649 16,097 16,202
Red pine 1,952,896. 135,809 1,093,109 88,319 64,394 4,588 9,963 18,696
Jack.pine 1,566,444 1,051,843 45,843 28,580 25,931 10,876 43,528 6,303
White spru(_e 648,730 4,381 13,789 29,458 125,019 65,686 26,213 8,914
Black spruce . 460,401 11,469 998 1,192 79,000 1,404 180,844 64,052
Balsam fir 1,338,249 3,897 46,705 7,691 394,770 5,506 25,026 29,443
Tamarack 346,508 687 354 " -- 25,465 2,388 40,026 14,828
Northern ,

white-cedar 1,142,761 -- 1,101 428 132,944 7,411 17,620 619,635
Other softwoods 6,228 ..............

.Total ." 8,530,589 1,218,942 1,439,877 444,689 920,360 104,508 359,317 778,073
HARDWOODS
Select white oak I,(176,F)44 393 -- 552 1,904 ......
Select red oak 1,763,622 1,531. 2,00._ 2,376 438 ......
Other red .oak_ 56,414 ..............
Hickory 32,383 ..............
YeIlow .bi_rch 39,926 ...... 646 .... 2,236
Hard maple 489,_;19 .... 1,344 ........
Soft maple 281,998 .... 346 7,623 -- 684 --
Ash 993,952 .... 368 12,125 -- 6,719 16,218 "
Balsam poplar 1,101,4(16 975 .... 30,680 750 1,048 16,036
Paper birch 1,234,388 3,909 36,621 3,857 141,043 11,322 4,826 42,718
Biqtooth aspen 303,391 1,181 318 -- 2,475 -- 393 1,176
Q.uaking aspen 5,671,280 61,514 19,307 37,026 123,947 16,488 31,878 15,719
Basswood I,116,835 .... 1,296 4,582 ......
Elm. 1,607,307 424 .... 4,617 .... 762
Select hardwoods 40,192 ..............
Other hardwoods 267,851 ..............
Noncommercial

species ................
Total 16,076,608 69,927 58,251 47,165 330,080 28,560 45,548 94,865

All spe.cies 24,607,197 1,288,869 1,498,128 491,854 1,250,440 133,068 404,865 872,938
(Ta'ble15 continu_edon next page)

_l/International1/4-inchrule.



(Table 15 co.ntinued)
Forest type

-.

" ' Oak Elm-ash- Maple- Paper Balsam Non-
Species _ _ Tamarack hickory cottonwood basswood Aspen birch poplar stocked

SOFTWOODS
White pine 7,454 13,968 10,261 73,792 235,419 75,224 2,614 --
Red pine 2,293 27,(170 1,128 4,353 365,963 135,609 1,602 --
Jack pine 2,655 18,743 1,214 7,218 284,213 32,953 896 5,648

- Whit.e spruce I,F)28 2,357 19,45B 34,788 217,387 79,613 20,639 --
Black spruce 12,464 353 4,429 1,72(I 84,154 10,270 7,073 979
Balsam fir 4,4.53 493 59,563 94,096 459,104 125,661 71,838 10,003
Tamarack 177,555 I,I01 7,247 6,685 3.6,068 14,748 17,602 1,754
Northern

white-cedar 11,911 -- I08,2F_F_ 52,133 118,607 48,256 22,913 1,514
Other softwoods -- 4,039 364 1,825 ........

Total 219,813 68,124 211,952 276,61(I 1,80(1,915 522,334 145,177 19,898
HARDWOODS,
- Selectwhite oak -- 601,375 29,402 237,231 181,871 17,761 4,879 676

Select red oak 1,(182 1,165,499 926 247,767 273,100 65,337 3,561 --
Other .red oak -- 42,719 1,718 9,021 2,231 -- 725 --
Hi ckory -- 23,625 -- 5,4 56 -- 3,302 ....
Yellow birch . -- -- 7,306 24,162 463 4,218 895 --
Hard.maple -- 14,787 4,913 435,(194 26,390 6,490 601 --
-Soft maple -- 9,080 14B,521 79,370 31,582 4,792 ....
Ash -- 20,987 467,143 278,329 127,51.6 31,683 30,240 2,624
Balsam poplar 4,939 4,350 64,585 49,547 449,184 52,074 427,238 --
Paper birch 2,416 29,524 44,761 145,752 358,611 370,387 37,849 792
Bi gtooth, aspen -- 29,064 2,877 29,072 219,687 17,148 ....
Quaking .aspen 3,989 94,318 53,728 198,888 4,572,282 307,130 128,498 6,568 "
Basswood -- 78,306 40,612 F_60,089 98,727 29,965 3,258 --
Elm 811 122,620 270,664 936,185 182,843 39,943 46,278 2,160
.Select hardwoods -- 21,447 226 15,359 2,483 677 ....

• Other hardwoods -- 12,123 177,158 68,153 8,492 .... 1,925
I Noncommerci ai

species ................i -.
Total 13,237 2,269,824 1,314,540 3,619,475 6,535,462 950,907 684,022 14,745

i "All species 233,050 2,337,948 1,526,492 3,896,085 8,336,377 1,473,241 829,199 34,643

!

I

i

i

i
I

i

i
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I
I
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Table 18.--Netvolume of growing stock on commercial forest land by forest type
and stand-ageclass, Minnesota, 1977

" (In thousand cubic feet)

Forest - AlI Stand-age class (years)

type classes 0-10 11-20 21-30 31-40 41-50 51-60

Jack pine 560,341 4,681 3,194 24,517 115,786 143,135 147,803
Red pine 379,361 2,49]." 6,730 8,577 40,312 32,630 33,291 I
White pine 104,078 -- 491 -- 1,329 10,419 7,950 &

Ba!sam fir 679,143 12,674 18,644 31,363 65,442 211,002 193,493
White spruce 49,960 304 384 1,721 4,189 15,454 11,761
BlaCk spruce 493,495 3,624 17,395 32,662 39,987 61,332 101,045
Northern white-cedar 378,567 551 1,833 5,010 10,351 10,892 25,634
Tamarack 203,820 3,117 13,425 9,423 7,848 20,980 40,830
Oak-hickory 784,286 4,577 9.,899 2,910 53,113 136,848 133,132
Elm-ash-cottonwood 584,282 9,677 14,165 14,278 18,361 67,374 102,512
Maple-basswood 1,212,875 8,049 14,472 15,438 80,412 173,660 234,623
Aspen- 4,681,925 159,232 149,722 250,317 816,553 1,443,009 1,151,136
Paper birch 919,682 5,063 14,592 16,703 95,456 271,439 240,579
Balsam-poplar 407,592 13,990 15,138 18,044 64,316 131,327 79,004
"Nonstocked 14,590 13,886 151 -- 106 348 --

All types 11,453,997 241,91_ 280,235 430,963 1,413,561 2,729,849 2,502,793

..(Table18 continued)

Forest Stand-age class (years)
type 61-70 71-80 81-90 91-100 1(11-120 121-14(I 141+

Jack.pine 87,204 9,132 12,811 9,533 2,545 ....
-Red pine 19,727 138,196 32,424 62,01(I 2,973 ....
White pine 14,846 23,(117 4,335 27,989 13,702 ....
Balsam fir 88,787 29,(175 11,850 13,682 3,131 ....
Whitespruce 4,956 1,530 3,496 5,173 992 ....
Black spruce 58,575 73,907 45,927 37,959 8,520 12,562 --
Northern white-cedar 47,916 33,323 55,880 53,773 46,602 84,195 2,607

Tamarack 17,067 17,772 1F_,679 6,886 29,(183 18,2(14 506
O.ak-hickory 138,917 92,21(1 78,731 82,756 45,926 5,267 --
Elm-ash-cottonwood 92,g16 65,691 _R1,035 63,515 30,253 24,505 --
Maple-basswood 2(16,122 181,780 93,862 1(11,7(14 64,500 38,253 --
Aspen 472,625 144,095 68,134 2(1,870 3,743 2,489 --
Pap.erbirch 118,869 84,430 51,101 14,231 7,219 ....
Balsampoplar 46,627 27,224 1(1,434 1,48_R ......
NoFistocked -- 99 ..........

- All types 1,415,154 921,481 568,699 5(11,569 259,189 185,475 3,113

40 .
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Table 19.--Netvolume of sawtimberon commercial forest land by forest type and
stand-aqeclass, Minnesota,1977

o

(In thousand board feet)l_/

Forest - Stand-aQ.eclass (years)
type All aqes 0-10 11-20_ 21-30 31-40 41"50 51-60

Jack_pine 1,288,869 9,343 6,218 22,324 199,816 312,645 416,610
Red pine 1,498,128 11,046 11,662 6,336 75,180 98,259 112,932
White pine 491,R54 -- 3,736 -- 3,307 40,202 32,307
BalSam fir 1,250,440 31,237 39,819 55,218 84,935 300,842 368,555
White spruce 133,_68 -- _ -- 4,544 6,443 18,527 29,463
.Blackspruce 404,865 3,928 9,103 13,554 22,714 49,318 86,363
Northern white-cedar 872,938 1,441 2,078 5,006 12,418 21,666 39,144
Tamarack _ 233,_50 2,664 15,628 6,290 4,625 16,338 49,937
Oak-hickory 2,337,948 12,967 28,655 4,203 95,337 221,443 330,599
EIm-ash-cottonwood 1,526,492 13,316 27,471 24,880 38,480 150,895 253,577
Maple-basswood 3,896,085 26,_02 29,931 24,429 155,330 348,427 655,637

1 Aspen 8,336,377 279,718 193,790 285,176 1,006,672 2,267,161 2,393,445
Paper birch 1,473,241 4,202 18,308 25,903 121,683 308,558 337,528
Balsam poplar 829,199 18,472 22,751 11,642 84,769 232,380 183,650J

Nonstocked 34,643 32,595 , 417 .... 895 --.

All types 24,607,197 446,931' 409,567 489,505 1,911,709 4,387,556 5,289,747

_/International _4-inch rule.

(Table 19 continued)

._ Forest Stand-age class (years)

-type 61-70 71-R0 81-90 91-I00 Ini-!20 121-140 141+

Jack pine 219,381 37,222 32,7_0 25,228 7,302 ....
Red pine 81,587 62_,588 134,002 325,654 12,_2 ....
White pine 66,361 ].16,519 16,464 136,463 76,495 ....
Balsam fir 209,12q 68,266 30,755 52,692 8,992 ....
White spruce 18,61.9 5,938 16,568 28,260 4,706 ....
Black spruce 40,053 97,774 40,778 23,422 8,775 9,083 --
Northern white-cedar 78,320 69,1Q9 127,068 102,695 121,903 282,482 9,518
Tamarack 20,194 30,466 24,210 9,8ql 37,176 15,631 --
Oak-hickory 429,357 317,402 318,135 356,212 20fl,06_ 23,570 --
Elm-ash-cottonwood 240,906 195,014 208,672 200,558 T9,853 92,870 --
Maple-basswood 732,621 738,672 390,415 353,538 291,066 150,017 --
Aspen 1,175,188 414,623 238,771 64,547 9,726 7,560 --
Paper.birch '213,109 207,572 169,931 45,217 21,230 ....
Balsam popl ar 144,776 88,977 36,899 4,883 ......
Nonstocked -- 736 ..........

• All types. 3,669,601 3,fl16,968 1,7_5,44_ 1,729,260 _80,174 581,213 9,518
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Table 20.--Net volume of sawtimber on commercial forest land by species and
loq grade class, Minnesota, 1977

(In thousand board feet)_I/

A11 Log grade
Species grades I 2 3 Tie and timber

SOFTWOnDS
White pine 1,068,372 101,633 146,333 700,974 119,432
Red pine 1,952,896 151,Iq3 186,.563 1,542,011 73,129
Jack pine 1,566,444 1,391 53,461 1,495,796 15,796
White spruce 648,730 2,190 17,360 629,034 146
Black spruce 460,401 6,479 14 ,(155 439,789 78
Balsam fir 1,33R,249 -- 13,261 1,285,687 39,301
Tamarack 346,508 3,957 10,773 331,742 36
N(_rthern white-cedar 1,142,761 17,819 32,446 I,F)92,496 --
Other softwoods 6,228 I0 23 6,195 --

Total 8,53n,._89 2_R4,672 474,275 7,523,724 247,918

HARDWOODS i
Se.lectwhite oak 1,076.,044 40,767 171,287 608,91(I 255,080
Select red oak 1,763,622 71,582 331,943 1,091,131 268,966
Other red oak 56,414 1,451 8,0(11 32,870 14,092

, Hickory 32,3F_3 87 6,326 24,428 1,542
Yellow birch 39,926 3,187 9,709 25,601 1,429
Hard maple 489,619 19,152 85,665 349,452 35,350
Soft maple 2F_1,998 17,F_29 48,707 210,422 5,040
Ash 993,952 47,439 251,585 642,582 52,346

Balsam poplar 1,101,406 2.9,452 119,818 835,032 117,104
Paper birch 1,234,3F_8 37,102 227,058 859,796 110,432
Bi qtooth aspen 3(13,391 8,453 37,686 235,(134 22,218
Quaking aspen 5,671,280 77,q40 624,305 4,222,979 746,053
Basswood I, I 16,835 139,F)_2 390,695 537,088 49,970
E]m I, 607,307 145,752 514,722 805,432 141,401 "
Select hardwoods 4(1,192 1,205 2,695 35,551 741
Other hardwoods 267,851 36,791 35,263 185,293 I(1,504

Tot aI 16,(176,60F_ 677,271 2,865,468 If), 701,601 1,832,268

All species 24,607,197 961,943 3,339,743 18,225,325 2,080,186

!/International I/4-inch rule.
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I Table 23.--Net annualgrowth of growing stock. on commercial forest land .by.softwoods and

hardwoods,Minnesota,19621/ and 1976

- (In thousand cubic feet)

Species 1962 1976

Softwoods 106,789 119,781

-.

Hardwoods 257,420 229,139

AlI species 364,209 348,920

1_/Figureshave been adjusted from
those published after the 1962 survey to
conform to 1977 volumes becauseof changes

I in survey definitionsand procedures.

Table 24.--Net annual growth of growing stock on commercialforest land by
species group and Forest Survey Unit, _linnesota,1976

(In thousand cuhic feet)

AlI Aspen- Northern Central
Species units Birch Pine Hardwood Prairie

• SOFTI,.IOODS
White pine 5,599 2,367 2,779 453 --
Red pine 15,684 5,811 8,742 I;113 18
Jack pine 25,677 5,799 19,216 649 13
White spruce 10,701 7,328 3,228 126 19
Black spruce 16,520 11,358 4,947 211 4
Balsam fir 31,902 17,912 13,570 402 18
Tamarack 2,269 (-)343 2,092 508 12
Northern white-cedar 11,274 6,747 4,527 ....
Other softwoods 155 3 22 100 30

TotaI 119,781 56,982 59,123 3,562 114
HARDWOODS
Select white oak 8,733 140 3,213 4,294 1,086
Select red oak 15,691 191 6,0134 9,0125 441

i Other red oak 256 -- 29 214 13
:Hickory 455 -- 12 429 14
Yellow birch 118 30 85 3 --

" Hard maple 8,660 1,298 2,535 4,335 492
Soft maple 6,454 1,574 1,813 2,g401 127

' Ash 9,468 3,996 3,621 1,538 313
: .Balsampoplar 17,757 6,229 9,429 833 1,266

Paper birch 30,290 10,619 15,829 3,761 81
Bigtooth aspen 1,086 409 341 332 4

' Quaking.aspen 93,083 31,322 45,739 11,430 4,592
' Basswood 17,252 891 6,228 8,516 1,617

EIm 18,022 1,248 5,617 10,307 850
Select hardwoods 440 4 73 306 57
Other hardwoods 1,374 (-)34 71 470 867
Noncommercialspecies ..........

TotaI ' 229,139 .57,917 1NO,669 58,733 11,820

AlI species 348,920 114,899 159,792 62,295 11,934

- °



Table 25.--Net annual growth of sawtimher on commercial forest land by
species qroup and Forest Survey Unit, Minnesota, 1976

o

(In thousand board feet)_I/

A11 Aspen- Northern Central
Species units Birch Pine Hardwood Prairie

SOFTWOODS
White pine 33,304 15,969 14,775 2,560 --
Red pine 74,768 25,414 48,197 1,064 93
Jack pine 88,650 30,665 56,971 981 33
White spruce 36,750 23,581 12,764 347 58
Black spruce 18,568 14,758 3,800 I0 --
Balsam fir 86,053 48,647 36,542 864 --
Tamarack 8,460 6 5,698 2,743 13
Northern whi te-cedar 33,003 19,486 13,517 ....
Other softwoods 763 -- 664 71 28

TotaI 380,319 178,526 192,928 8,640 225

HARDWOODS
Select white oak 30,845 199 9,585 16,546 4,515
Select red oak 61,191 658 19,759 38,201 2,573;.

' Other red oak' 960 -- 3 909 48
Hickory • 1,484 -- 6 1,456 22
Yellow birch 612 , 428 166 18 --
Hard maple 30,649 2,639 6,239 19,508 2,263
Soft maple 18,3R.0 1,574 3,278 1.0,481 3,047
Ash 18,003 6,377 5,340 !5,078 1,208
Balsam poplar 51,922 22,274 25,742 812 3,094
Paper birch 53,434 23,611 26,074 3,715 34
Bigtooth aspen 11,116 1,130 10,651 (-)665 --
Quaking aspen 330,071 132,104 157,NFM 34,262 6,621
Basswood 48,788 2,452 12,042 27,208 7,086
Elm 61,699 6,113 18,524 34,852 2,210

• Select hardwoods 2,261 -- 444 1,564 253 . I
Other hardwoods 9,730 (-)19 287 3.358 / 6,104
Noncommercial species ..........

Total 731,145 199,540 295,224 197,303 39,078

All species 1,111,464 378,066 488,152 205,943 39,303

!/International I/4-inch rule.

J
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Table 28.--Net annual growth of growing stock on commercialforest land
by species group and forest type, Minnesota, 1976

(In thousand cubic feet)

- Forest type
AlI Jack Red White Balsam White Black Northern

Species types pine pine pine fir spruce spruce white-cedar
SOFTWOODS
Whit.epine 5,599 119 1,16F_ 1,247 320 35 89 37
Red pine 15,6R4 1,780 8,797 387 346 42 48 59
Jack pine 25,677 20,768 667 111 172 78 405 87
White spruce 10,7(11 226 266 267 1,517 1,190 464 34
Black spruce 16,520 438 54 (-)67 2,060 47 11,517 168
Balsam fir 31,g02 375 564 (-)532 8,260 188 1,032 169
Tamarack 2,269 5 14 -- 129 (-)819 732 84
Northern white-cedar 11,274 -- 11 8 1,334 43 376 6,959
Other softwoods 155 -- 25 ...... 10 --

Total- 119,781 ° 23,711 11,566 1,421 14,138 804 14,673 7,597
HARDWOODS
Select v_hiteoak 8,733 31 i_ 14 18 1 ....
Select red oak 15,691 94 33 - 15 4 -- 6 --
Other red oak 256 ..............
Hickory 455 -- , ............
Yellow birch 118 ...... 7 .... 15
Hard maple 8,660 .... 3 19. -.....
Soft_maple 6,454 146 3 41 44" -- 6 I
Ash 9,468 2 6 13 26i (-)310 50 (-)24
BaIsam poplar 17,757 33 36 4 (-)819 34 40 198
Paper bi.rch 30,290 495 411 (-)24 2,344 296 239 150
Bigtooth aspen 1.086 (-)576 (-)118 1 14 -- 88 10
Ouaking aspen 93,083 1,655 (-)30 196 2,261 480 1,143 117
•Basswood 17,252 5 -- 11 36 ......

" Elm 18,(122 8 3 -- 69 (-)129 6 5
Selec.thardwoods 440 ..............
Other hardwoods 1,374 12 4 ............

Noncommercialspecies _.-- _.. -- . -- .. -- -- . ......

.Total ..................229,139 1,905 356 "274 41,258 372 1,578 472

All species 348,920 25,616 11,922 1,695 18,396 1,176 16,251 8_069 __
(Table 28 continued on next page)

' 49



(Table 28 continued)
Forest type

• Oak- Elm-ash- Maple- Paper Balsam Non-

SPecies ..... ..Tamarack hickor_ cottonwood basswood Aspen birch poplar stocked
SOFTWOODS

White pine _ 54 87 53 332 1,558 491 9 --
Red pine 13 245 14 20 3,172 745 16 --
Jack pine 32 252 21 1 2,687 292 22 82
White _spruce 52 (-)49 149 318 5,143 816 308 --
Black spruce 840 -- 54 (-)17 1,338 (-)4 78 14
Balsam.fir 133 30 584 554 14,662 4,339 1,335 209
Tamarack .. 2,690 4 (-)402 109 (-)240 (-)104 37 30
Northern white-cedar 192 -- 882 130 1,107 2 219 11
Other softwoods -- 71 4 28 -- 9 8 --

Total 4,006 640 1,359 1,475 29,427 6,586 2,032 346
HARDWOODS

Select white Oak -- 3,983 174 1,311 2,895 245 48 5
Select red oak 7 8,207 348 1,759 4,293 906 19 --•

Other red oak -- 172 4 38 38 1 3 --

Hickory -- 363 -- 75 -- 17 ....
Yellow birch .... 36 20 7 31 2 --
Hard°maple -- 390 249 6,464 1,212 269 52 2
Soft maple 14 275 882 1,197 2,914 916 15 --
Ash 16 240 4,202 1,317 2,895 399 385 16
Balsam poplar 121 95 556 (-)293 7,395 616 9,819 (-)78
Paper birch - 80 1,486 370 1,669 10,854 11,349 528 43
Bigtooth aspen -- 351 32 (-)88 1,977 (-)618 13 --
Quaking aspen (-)47 1,033 236 1,609 81,400 921 2,033 76
Basswood -- 1,772 442 11,089 3,315 566 16 --
Elm 86 1,632 2,267 8,762 3,871 762 646 34 "
Select hardwoods -- 132 26 162 98 16 3 3
Other _ardwoods -- 139 933 187 80 -- 13 6
Noncommercialspecies ................

Total 277 20,270 10,757 35,278 123,244 16,396 13,595 107, ",

All species 4,283 20,910 12,116 36,753 152,671 22,982 15,627 453

°
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Table 29.--Net annual growth of sawtimberon commercialforest land by
' species group and forest type, Minnesota,1976

" (In thousand board feet)l_/

- ..,. Forest type
All Jack Red White Balsam White Black Northern

Species types pine __pine . pine fir spruce spruce white-cedar
SOFTWOODS

White pine 33,304 356 8,612 9,399 1,653 215 497 255
Red pine 74,768 6,511 40,989 2,353 1,539 104 204 636
Jack pine 88,650 62,359 1,673 215 544 193 3,219 375
White spruce 36,750 365 1,008 2,110 5,639 3,452 897 (-)24
.BIack., spruce 18,568 670 16 30 4,272 23 4,961 (-)188
Balsam, fir 86,053 166 2,183 210 19,181 482 2,032 483
Tamarack - 8,460 24 I0 -- 1,201 (-)2,795 2,718 240
Northern White-cedar 33,003 -- 36- 8 4,679 170 1,674 11,945
Qther softwoods 763 ..............

- Total 380,319 70,451 54,527 14,325 38,708 1,844 16,202 13,722
HARDWOODS

.Select. White oak 30,845 7 -- 13 36 ......
Select. red oak 61,191 37 43 62 5 ......
Other red oak 960 ..............
Hi ckory I, 484 -- ' ............
Yel low b.irch 612 ...... 6 .... 24
Hard maple . 30,649 .... 17 -- ......
Soft maple ' 18,380 .... 6 770 -- 9 --
Ash 18,003 .... 9 303 (-)1,516 114 130
Balsam poplar 51,922 42 .... 1,140 14 22 971
Paper birch 53,434 1,062 1,607 42 3,917 400 33 115 "
Bi gtooth aspen 11,116 26 5 -- 24 -- 7 i0
Quaking aspen 330,071 3,498 1,341 (-)355 6,006 346 2,877 266
Basswood 48,788 .... 25 88 ......

: Elm 61,699 13 .... 133 (-)520 -- 21
Select hardwoods 2,261 ..............
Other hardwoods 9,730 ..............
Noncommercial species ................

Total 731,145 4,685 2,996 .(-)181 12,429 (.-)1,276 3,061 1,537

All species 1,111,464 75,136 57,523 14,144 51,136 568 19,264 15,259
(Table 29 continued on next page)

• 1/International 1/4-inchrule.
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(Table 29 con;cinued)
'' Forest type '

. Oak- Elm-ash- Maple- Paper Balsam Non-
Species Tamarack hickory cottonwood basswood Aspen birch poplar stocked
SOFTWOODS

White pine _ - 259 445 277 1,667 7,179 2,435 55 --
Red pine 61 765 24 113 17,685 3,705 79 --
Jack pine 50 325 38 (-)18 18,930 629 (-)158 276
White spruce 85 (-)365 883 1,330 15,688 3,g70 1,712 --
Black spruce 348 -- 38 715 7,318 212 129 24

" Bal.samfir 173 14 (-)342 6,472 39,017 9,676 5,446 860
Tamarack . 7,270 26 (-)632 192 (-)972 650 494 34
Northern white-cedar 1,333 -- 3,734 1,111 7,752 (-)58 588 31
Other softwoods -- 69 15 30 .... 649 --

Total 9,579 1,279 4,035 11,612 112,597 21,219 8,994 1,225
HARDWOODS

Select.whiteoak -- 13,612 559 .7,536 8,1N7 882 81 12 .
-Selectred oak 39 34,649 20 .6,967 15,184 4,120 65 --
Other redoak' -- ' 702 23 187 31 -- 17 --
Hickory. -- 473 -- 949 -- 62 ....
Yellow birch .... 105 404 7 6N 6 --
Hard .maple..... 766 215 27,199 1,900 540 12 --
Soft nlaple -- 1,978 5,668 1,682 8,151 116 ....
Ash -- 279 7,714 3,97N 3,567 1,486 1,915 32
Balsam PoPlar 141 127 1,1'09 1,811 18,374 3,315 24,856 --
Paper birch 16 1,152 1,22N 4,607 23,456 15,660 138 9
-Bi.qtoothaspen . -- 633 51 (-)117 11,7N0 )!1,223 ....
Quaking.aspen F_F) 5,180 883 5,F)08 286,167 8,485 10,116 173
Basswood -- 5,328 2,N89 36,014 3,989 1,191 64 --
Elm- 29 2,575 10,634 2F_,735 16,165 1,828 1,990 96
Select hardwoods -- 1,681 9 457 81 33 .... "
Other hardwoods -- 146 5,332 4,168 66 .... 18
Noncommercialspecies ................

_.. Total 305 69,280 35,631 129,578 396,945 36,555 39,260 340
J

All species 9,884 70,560 39,666 141,189 509,542 57,774 48,254 1,565
..

, o .
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Table 30.--Net annual growth of growing stock on commercial forest land by
forest type and stand-ageclass, Minnesota,1976

' " (In thousand cubic feet)

Forest Stand-age class (years)

type AlI ages 0-10 11-20 21-30 31-40 41-50 51-60

Jack pine 25,616 111 17 3,146 7,134 6,722 5,410
Red-pine 11,922 100 836 767 2,331 1,102 1,262
White pine 1,695 (-)29 20 -- 88 608 123
Balsam fir 1F_,396 410 280 1,026 2,883 7,584 3,295
:White spruce 1,176 (-)395 30 116 217 (-)94 861
•Black spruce 16,251 75 742 1,123 1,369 2,377 3,595
Northern white-cedar 8,069 22 67 137 190 100 855
Tamarack 4,283 103 337 130 322 489 913
Oak-hickory 20,910 43 364 (-)18 1,812 4,911 3,929
Elm-ash-cottonwood 12,116 (-)689 523 500 1,000 2,599 1,935
Maple-basswood 36,753 186 465 907 3,809 5,367 7,969
As.pen 152,671 (-)1,571 7,875 13,982 34,047 46,803 35,933
Paper birch 22,_82 ].10 697 705 2,782 8,228 5,039
Balsam poplar 15,627 397 779 1,520 3,516 4,762 2,258
Nonstocked 453 524 6 -- (-)98 19 --J

.Alltypes. 348,920 (-)603 13,038 24,041 61,402 91,577 73,377
ii " D

J

(Tahie 3(Icontinued)_

Forest Stand-ageclass (Years) .
type 61-70 71-80 81-90 91-100 101-120 121-140 141+

• Jack pine 2,882 284 (-)86 (-)53 49 ....
.Redpine 649 3,(184 620 1,(189 82 ....
White pine 479 265 138 (-)210 213 ......

Balsam fir 2,841 174 (-)370 173 1(10 ....
White spruce, lgl 3(I 99 1(11 2(1 ....
Black spruce 1,g3(1 2,233 1,313 1,019 94 381 --
Northen white-cedar 1,241 7B4 1,539 942 618 1,492 82
Tamarak 587 306 (-)3n9 144 BSO 369 12
Oak-hikory 3,876 2,574 557 1,809 922 131 --
EIm-ash-cottonwood 1,822 588 1,760 1,131 511 436 --
Maple-hasswood 6,685 4,734 2,681 2,306 706 938 --
Aspen 11,fl96 2,881 1,(199 400 65 61 --
Paper birch 2,662 1,797 774 35 153 ....
Balsam poplar 1,215 822 318 40 ......
Nonstocked -- 2 ..........

All types 38,156 20,558 10,133 8,926 4,413 3,808 94



Table 31. --Net annual growth of sawtimber on commercial forest land by
• forest type and stand-age class, Minnesota, 1976

" (In thousand board feet)l_/
. .

Forest Stand-age class (years)._

type A11 ages 0-I0 11-20 21-30 31-40 41-50 51-60

Jack pine 75,136 (-)567 719 1,967 15,932 24,704 19,078
Red pine 57,523 360 1,165 372 6,891 4,925 5,904

.. White pine 14,144 -- 131 -- 664 1,310 804
Bal'sam fir 51,,136 1,594 455 1,331 5,471 16,623 16,663
Whi.te spruce 568 (-)2,036 -- 261 198 (-)1,866 981
Black spruce 19,264 94 777 848 1,528 2,797 6,609
Northern white-cedar 15,259 33 48 103 (-)I (-)696 794

Tamarack " 9,884 61 836 166 121 1,965 3,510
Oak-hi'ckory - _ 70,560 (-)152 754 97 3,270 10,004 11,277
E|m-ash-cottonwood 39,666 (-)305 693 1,020 2,027 10,460 3,939
Maple-basswood 141,189 2,116 3,654 (-)276 12,363 13,065 29,692
Aspen ' 509,5_2 3,970 15,151 30,531 79,956 166,023 132,793 '

- Paper birch 57,774 182 435 1,455 6,578 19,370 ii,I00
Balsam.poplar 48,254 (-)1,482 341 375 7,199 18,166 9,914
_Nonstocked 1,565 1,524 5 .... 20 --

J

AlI types 1,111,464 5,392 25,164 38,250 142,197 286,870 253,058J

!/InternationalI/4-inchrule.

(Table 31 continued)

Forest SLand-aQeclass (years)

.type 61-70 7].-80 _RI-90 ql-iC)O 101-120 121-140 14].+

,lackpine 9,84_ 1,233 g_q6 1,121 123 ....
Red pie , 2,833 20,F_14 4,892 8,657 710 ....
White pine 3,01.Q 2,586 _44 3,926 1,260 ....
-Balsamfir 5,691 3,255 (-)686 509 230 ....
•White spruce I,_44 117 381 988 100 ....
Black spruce 1,308 2,631 774 1,603 157 138 --
Northen white-cedar 2,753 2,255 _,595 1,769 143 3,270 193

• Tamarack 4q4 (-)310 1,208 2,R2 1,247 304 --
Oak-hickory 16,,_19 13,07]. 1,890 9,428 3,551 551 --
Elm-ash-cottonwood 4,143 5,014 5,752 3,838 1,329 I,756 --
Maple-basswood 21,401 26,14_ 13,460 9,366 6,039 4,165 --
Aspen 52,045 17,277 9,437 1,778 451 130 --
Paper birch 7,110 5,656 3,_R57 1,72_ 307 ....
Balsam poplar Q.,1_2 2,709 1,361 52q ......
Nonstocked -- 16 ..........

. AlI 'types 13F_,042 ].C_2,zI6F_48,351 45,51_R 15,6z17 10,314 193
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Table 32.--Timberremovals_11/from growing stock and sawtimber on commercial
forest land by speciesgroup, Minnesota,1962 and 1976

o

- Growing stock Sawtimber

Species 2_/1962 1976_ _2/1962 1976

Thousand cubic feet _3/Thousandboard feet

SOFTWOODS
White pine 3,620 2,910 20,759 13,190
Red pine 3,416 4,177 15,976 15,214
Jack pine 22,678 21,470 54,844 56,934
•Spruce 2(1,589 17,943 45,600 38,8(19
Balsam fir 12,6(11 13,893 20,860 27,000
Tamarack 3,485 ¢,982 6,305 10,165
Northern white-cedar 2,445 3,315 4,586 8,548
Other ' 66 110 49 82

TotaI 68,900 68,80(I 168,979 169,942

HARDWOODS
' White oak 4,738 5,119 12,763 11,856

Red oak 6,743 10,102 21,149 26,782
Yellow birch 441 ° 16 1,840 41
Hard maple 1,036 1,388 2,534 3,297
Soft maple 1,273 2,840 3,737 5,992

• Ash 2,632 5,063 6,781 10,247
Paper birch 3,408 9,113 8,476 13,865
Aspen 45,675 72,979 85,089 172,530
Basswood 2,941 3,529 12,773 10,162 o

Elm 4,180 7,813 13,872 21,143
Other 3,933 6,838 1{I,903 14,450

TotaI 77,000 124,800 179,917 290,365

A11 species 145,900 193,600 348,896 460,307

_l/Removalsin 1976 are trend-levelremovals. "Other" removals from the transfer of
commercial forest land to productive-reservedare noi_included in 1976 removals.

_2/Figureshave been adjusted from those publishedafter the 1962 survey to conform to
1976 volumes becauseof changes in survey definitionsand procedures.

_3/InternationalI/4-inchrule.
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Table 34.--Timber removals1_/from qrowinq stock on commercial forest land by
species group and Forest Survey Unit, Minnesota, 1976

(In thousand cubic feet)

A11 Aspen_ Northern Centra1
Species units Birch Pine Hardwood Prairie

SOFTWOODS

White pine 2,910 1,711 1,013 186 --
Red pine 4,177 1,485 2,540 132 20..

Jack pine 21,470 10,718 10,259 484 9
White spruce 4,188 2,888 1,265 20 15
Black spruce 13,755 10,275 3,45F_ 21 I
Balsam fir 13,893 7,728 6,040 119 6
Tamarack 4,982 2,503 2,126 304 49
Northern white-cedar 3,315 1,495 1,801 1 18
Other softwoods 110 .... 72 38

o

TotaI 68,800 38,803 28,502 1,339 156
HARDWOODS

Select white oak 5,119 10 595 3,136 1,378
, Select red oak 9,779 113 1,980 7,255 431

Other red oak 323 -- 8 299 16
Hickory 198 , -- 5 182 11
Yellow birch 16 3 8 5 --
Hard maple 1,388 28 319 813 228
S()ftmaple 2,840 77 269 2,356 138
Ash 5,063 302 1,237 2,893 631
Balsam poplar 3,078 1,044 1,4.55 207 372
Paper birch 9,113 3,253 4,540 1,265 55 .
Bigtooth aspen 3,444 665 2,202 577 --
Quaking aspen 69,535 32,686 30,440 4,965 1,444
Basswood 3,529 48 805 2,000 676

• Elm 7,813 207 1,050 4,620 1,936
Select hardwoods 66 .... 54 12
Other hardwoods 3,496 9 13 2,231 1,243
Noncommercialspecies ..........

Total 124,800 38,445 44,926 32,858 8,571

All species 193,600 77,248 73,428 34,197 8,727

_l/Removalsin 1976 are trend-level removals. "Other" removals fror,1the transfer of
commercial forest land to productive-reservedare not included in 1976 removals.

,
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Table 35.--Timberremovals_.l/from sawtimheron commercial forest land
by species group and Forest Survey Unit, Hinnesota,1976

" (In thousand board feet)2_/

- AlI Aspen- Northern Central
,.Species units Birch Pine Hardwood Prairie
SOFTWOODS
White pine 13,19(I 7,641 5,026 523 --

. Red pine 15,214 4,210 1(1,535 405 64
Jack pine 56,934 27,678 27,943 1,296 17
White spruce 12,679 6,368 6,224 54 33 '
Black spruce 26,130 21,R57 4,269 4 --
Balsam fir 27,00(1 15,329 11,563 108 --
Tamarack 10,165 5,237 4,523 318 87
Northern whi te-cedar R, 54R 4,948 3,568 8 24
Other softwoods 82 .... 50 32

Tota I 169,942 93,2 68 73,651 2,766 257
HARDWOODS

- Select white oak 11,856 1(1 1,729 7,494 2,623
Select red oak 25,721 160 4,5F_7 20,026 948

_.Ot her red oak. I, 061 -- I0 I, Ol (1 41J

Hickory 274 -- 9 252 13
Yel low birch 41 14 17 I0 --

B

Hard maple .3,297 39 676 2,103 479
Soft maple 5,992 69 558 4,971 394
Ash • 10,247 6R3 3,353 4,861 1,350
Balsam poplar 4,508 1,165 2,522 603 218

• Paper birch 13,R65 6,582 6,257 1,012 14
Bigtooth aspen 8,797 1,472 5,473 1,852 --
Quaking aspen 163,733 73,787 76,7(11 12,708 537
Basswood 10,162 152 2,768 5,353 1,889
Elm 21,143 618 4,073 11,371 5,081
Select hardwoods 374 .... 29R 76

• Other.hardwoods 9,294 7 22 5,312 3,953
Noncommercialspecies ..........

Total 290,365 84,758 108,755 79,236 17,616

All species 460,307 178,026 182,406 R2,002 17,873

_I/Removalsin 1976 are trend-level removals. "Other" removals from the transfer of
commercial forest land to productive-reservedare not included in 1976 removals.

_/International 1/4-inchrule.
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Table 36.--Net annual growth and removals_l/of growing stock on
commercial forest land by species group, Minnesota,197_

(In thousand cubic feet)

Net annual Annual timber
Species growth removals

SOFTWOODS

White pine 5,599 2,910
Red pine 15,684 4,177
Jack pine 25,677 21,470
White spruce 10,701 4,188
Black spruce 16,520 13,755
Balsam fir 31,902 13,893
Tamarack 2,269 4,982
Northern white-cedar 11,274 3,315
Other softwoods 155 110

TotaI 119,781 68,800
HARDWOODS •

Select white oak 8,733 5,119
Select red oak 15,691 9,779

, • Other red oak 256 323
Hickory 455 198
Yellow birch 118 16
Hard maple ' 8,660 1,388
Soft maple 6,454 2,840
Ash 9,468 5,063
Balsam poplar 17,757 3,f)78
Paper birch 30,290 9,113
Bigtooth aspen 1,086 3,444
Quaking aspen 93,f)83 69,535 o

Basswood 17,252 3,529
Elm 18,022 7,813

• Select hardwoods 440 66
Other hardwoods 1,374 3,496
NoncommerciaI species ....

Total 229,139 124,800

AlI species 348,920 193,600

_l/Removalsin 1976 are trend-levelremovals. "Other" remo-
vals from the transfer of commercialforest land to productive-
reserved are not included in 1976 removals.
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Table 37.--f!etannual growth and removals_l/of sawtimberon
commercial forest land by speciesgroup, rlinnesota,1976

" (In thousand board feet)2_/

Net annual Annual timber.

Species growth removals
SOFTWOODS
White pine 33,3(14 13,190
Red pine 74,768 15,214
Jack pine 88,650 56,934
White spruce 36,750 12,679..

B1ack spruce 18,568 26,130
Balsam fir 86,c153 27,000
Tamarack B,460 10,165
Northern white-cedar 33,003 R,548
Other softwoods 763 82

TotaI 380,319 169,942
HARDWOODS
Select white oak 30,845 11,856

. Select red oak 61,191 25,721
Other red oak 960 1,061
Hickory 1,484 274
Yellow birch 612 41
Hard maple ' 30,649 3,2q7
Soft maple 18,380 5,992
Ash 18,003 10,247
BaIsam poplar 51,922 4,.508
Paper birch 53,434 13,865
Bigtooth aspen 11,116 8,797
Quaking aspen 330,071 163,733
Basswood 48,788 10,162
Elm 61,_99 21,143
Select hardwoods 2,261 374

• Other hardwoods 9,730 9,294
Noncommercial species ....

TotaI 731,145 290,365

All species 1,111,464 460,307

_l/Removalsin 1976 are trend-levelremovals. "Other"remo-
vals from the transfer of commercialforest land to productive-
reserved are not included in 1976 removals.

_2/International1/4-inchrule.

o
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Table 38.--Net annual growth and removals_l/of qrowing stock on commercial forest land
by ownership class and softwoods and hardwoods,Minnesota, 1976

(In thousand cubic feet)

_

FEDERAL

Net annual growth Annual timber removals
All All

Owner species Softwoods Hardwoods species Softwoods Hardwoods

National Forest 50,.903 25,111 25,792 16,423 7,946 8,477
Other federal 18,686 7,(148 11,638 5,202 2,686 2,516

SubtotaI 69,589 32,159 37,430 21,625 10,632 10,993

STATE

TotaI 63,(152 25,862 37,190 34,123 18,920 15,203

COIJNTY& MLINICIPAL

TotaI 54,2(13 23,653 3(I,55(1 1_,354 5,753 12,6(11

o PRIVATEJ

Forest industry 15,F_99 8,R72 7,F)27 15,165 7,491 7,674
Farm and other 146,177 29,235 116,942 104,333 26,004 78,329

Subt.otal 162,076 38,1(17 123,969 119,498 33,495 F16,(103

ALL OVIr,IERS

Total 348,P20 119,781 229,139 193,60(1 68,_R0(1 124,80(1 .

_l/Removalsin 1976 are trend-levelremovals. "Other" removals from the transfer of commercial
forest land to productive-reservedare not included in 1976 removals.

Table 39.--Net annual growth and removals_.l/of sawtimberon commercialforest land
by ownership class and softwoodsand hardwoods,Minnesota, 1976

(In thousand board feet)2_/

FEDERAL

• Net annual growth Annual timber removals
All All

Owner species Softwoods Hardwoods species Softwoods Hardwoods
National Forest 208,935 117,477 91,458 41,631 21,862 19,769
Other federal 45,034 15,357 29,677 12,926 6,839 6,087

Subtotal 253,969 132,834 121,135 54,557 28,701 25,856

STATE•

Total 151,118 58,859 92,259 90,134 52,004 38,130

COUNTY & MUNICIPAL

Total 182,828 66,220 116,608 46,436 14,769 31,667

PRIVATE

Forest industry 60,338 27,906 32,432 34,606 16,845 17,761
• Farmer and other 463,211 94,500 368,711 234,574 57,623 176,951

Subtotal 523,549 122,406 401,143 269,180 74,468 194,712
•

ALL OWNERS

Total 1,111,464 380,319 731,145 460,307 169,942 290,365

1,/Removalsin 1976 are trend-level removals. "Other" removals from the transfer of
commercial forest land to productive-reservedare not included in 1976 removals.

_2/International1/4-inchrule.
-,
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Table 40.--Annual mortality of growing stock and sawtimber
on commercial forest land by species qroup, Minnesota, 1976

. .

Species Growing stock Sawtimber__

_Thousand Thousand
cubic feet board feeLl/

SOFTWOODS

White pine 960 2,994
Red pine 110 345

• Jack pine 3,322 6,009
White spruce I, 102 3,408
Black spruce 3,R99 1,513
Balsam fir 16,774 21,233

. Tamarack 5,857 8,748
Northern white-cedar 1,7(14 6,212
Other ....

_ ' Total ' 33,728 50,462
HARDWOODS

- Select white oak 1,098 3,444
_, ,Select red oak 2,993 I(1,815

Other red oak ....
Hickory , ....
Yellow birch 87 27
Hard maple 1,122 1,003

• Soft maple 252 914
. Ash 5,071 11,195

Balsam poplar 10,723 17,656
Paper birch 4,870 7,231
Bi gtooth aspen 4,841 7,153
Quaking aspen 66,519 110,093
Basswood 1,410 5,043
Elm 8,125 37,957
Select hardwoods 223 --
Other hardwoods 479 --
Noncommercial species ....

Total I(17,813 212,531

A11 species 141,541 262,993

-I/International I/4-inch rule.
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"Table43.--Annualmortality of growing stock and sawtimber on commercial forest land by
' ownership class and softwoods and hardwoods,Minnesota,1976

. Growing stock Saxtimber
All All

Owner - specie_ Softwoods Hardwoods • species Softwoods_ Hardwoods

Thousand cubic feet....... 1_/Thousandboard feet.....

National Forest 14,272 7,5N5 6,767 9,352 2,426 6,92_..

Bureau of Land Management ............
Indian 4,029 1,N19 3,010 7,303 1,994 5,3N9
Misce]Ianeous federaI A61 131 73N 1,914 388 I,526
State 2N,998 8,772 12,226 35,131 12,350 22,7A1
County'andmunicipaI 31,99N 4,477 27,513 51,81A 7,623 44,195
Forest industrY. 12,680 3,534 9,146 18,497 6,419 12,078
Farmer 3_,797 4,312 32,485 94,273 10,728 83,545
Farmer owned-leased .... " ........
Misc. private-corp. 6,213 1,543 4,670 1_,5A6 3,994 12,592
Misc. private-indiv. 13,507 2,435 11,072 28,119 4,540 23,579
Misc. priv.-corp.,leased 194 -- 194 ......
Misc. priv.-indiv.,leased ............

J

All owners 141,541 33,728 1N7,813 262,993 50,462 212,531
B

1/International 1/4-inchrule.
°
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. . Table 45.--Output of roundwood products by source and softwoods and hardwoods,
Minnesota, 1975

o

(In thousand cubic feet)

-

Product and All Growing-stock trees Rough and Salvable Other
species group sources Total Sawtimber Poletimber rotten trees dead trees sources

.INDUSTRIALPRODUCTS
Saw logs

" , S'oftwood 11,261 10,932 10,659 273 10 -- 319

Hardwood . 16,972 16,566 14,519 2,047 188 -- 218
SubtotaI 28,233 27,498 25,178 2,320 198 -- 537

Veneer l()gsand bolts
Softwood ................
Hardwood 503 460 460 -- 43 ....

Subtotal " 503 460 460 -- 43 ....
Pulpwood

Softwood 45,675 43,165 27,609 15,556 446 37 2,027
Hardwood . ' 53,159 ' 46,715 26,549 20,166 4,600 983 861_

Subtotal 98,834 _9,880 54,158 35,722 5,046 1,020 2,888
Cooperage

Softwood ...............
Hardwood 128 110 110 -- 11 -- 7

Subtotal 128 110 _ 110 -- 11 -- 7
P iling "

Softwood 86 86 74 12 ......
Hardwood .. ..............

Subtotal 86 86 74 12 ......
Poles "

Softwood 618 610 570 40 8 ....
Hardwood ..............

Subtotal 618 610 570 40 8 ....

Mine timbers (Round)
Softwood ..............

Hardwood ..............

Subtotal ..............
Posts (Round and split)

Softwood 1,896 1,544 347 1,197 233 59 60
Hardwood 403 255 113 142 74 -- 74

SubtotaI 2,299 1,799 460 1,339 307 59 134
Other

Softwood 104 102 92 10 .... 2
Hardwood 5,800 5,425 4,222 1,203 230 51 94

SubtotaI 5,904 5,527 4,314- 1,213 230 51 96
All Sndustrial products

Softwood 59,640 56,439 39,351 17,088 697 96 2,408
Hardwood 76,965 69,531 45,973 23,558 5,146 1,034 1,254

TotaI 136,605 125,970 85,324 40,646 5,843 1,130 3,662

FUELWOOD .
Softwood 1,166 511 166 345 45 63 547
Hardwood 19,688 8,554 2,786 5,768 831 1,137 9,166

To'tal ' " 20,854 9,065 2,952 6,113 876 1,200 9,713
ALL-PRODUCTS

Softwood 60,806 56,950 39,517 17,433 742 159 2,955
' Hardwood 96,653 78,085 48,759 29,326 5,977 2,171 10,420

Total 157,459 135,035 88,276 46,759 6,719 2,330 13,375

• B7
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Table 47.--Timberproducts from roundwood by species group and product,
Minnesota, 1975

All

Species _ o- Products Saw loqs Veneer loqs Pulpwood

_l/Thousand 2_/Thousand 1_/Thousand 2._/Thousand_l/Thousand Thousand 1_/Thousand
cubic board cubic'" board cubic cords cubic
feet feet feet feet feet feet

SOFTWOODS

White pine 2,541 11,272 1,943 .... 7,386 584
Red pine 3,519 10,680 1,840 .... 10,790 850
Jack pine 21,922 29,058 5,579 .... 180,543 14,260
Spruce' 16566 3,145 605 .... 202,004 15,956
Balsam fir. 10,073 2,100 400 .... 121,296 9,583
Tamarack " 4,620 79 14 .... 56,266 4,442
Northern white-cedar 1,565 4,589 880 ........

Total , 60,806 • 60,923 11-,261 .... 578,285 45,675

HARDWOODS
White oak 2,498 4,187 695 29 3 ....
Red.oak, 7,917 14,355 2,404 751 118 9,703 769
Hickory 29 78 13 ........
Yellow birch 23 .... 20 3 3 --
Hard maple 747 934 ' 153 290 45 200 13
Soft maple 546 781 130 168 25 79 3
Ash • 2,639 3,954 683 17 2 - 55 5
Balsam poplar 1,210 1,269 222 .... 10,725 848
Paper birch 8,294 2,728 473 190 29 35,474 2,804
Aspen 66,831 49,501 9,166 443 72 615,995 48,660
Basswood" 1,042 4,369 758 417 66 .... "
EIm. 3,810 9,508 1,665 376 59 733 57
Black ,walnut 61 236 37 151 24 ....
Cottonwood 778 3,196 556 358 56 ....

• Other hardwoods 228 104 17 6 1 2 --

Total 96,653 95,200 16,972 3,216 503 672,969 53,159

Aii species 157,459 156,123 28,233 3,216 503 1,251,254 98,834
(Table 47'continuedon next page)

-_l/Smallquantitiesmay round off to less than 500 cubic feet and will be
shown as a dash in columns showing thousand cubic feet.

• 2/International1/4-inchrule

• o .
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(Table 47 continued)
• Other

Speci es. Fuel wood PoI es Post s Product s

" _l/Thousand 1_/Thousand Thousand _l/Thousand 1_/Thousand
__ Cords cubic Pieces cubic pieces cubic cubic

feet .feet feet feet
SOFTWOODS

White pine 360 14 ..........
Red pine 519 27 57,284 343 523 419 40
Jack pine 12,353 865 46,121 275 iii0 893 50
Spruce . 125 5 ..........
Balsam fir 1,338 90 ..........
Tamarack 1,919 126 .... 49 38 --
Nor t her n whi t e-c edar 614 39 .... 678 546 i O0

Total • 17,228 1,166 103,405 618 2,360 1,896 190
HARDWOODS

White oak 21,759 1,509 .... 233 231 60
Red oak ' 63,515 '4,436 .... 139 140 50
Hickory 410 16 ..........
Yel low birc_h 364 20 ..........

. Hard maple 7,820 521 ........ 15
Soft 'maple 5,805 388 ..........
Ash 28,206 1,945 .... Ii 4 --
BaIsam popl ar 2,101 . 140 ' .... 3 ....
Paper birch _ 61,335 4,276 ........ 712
Aspen 56,326 3,937 .... !35 28 4,968
Basswood 2,652 149 ........ 69
Elm ' 28,280 1,975 ...... \ -- 54
Black walnut ..............
Cottonwood " 2,811 166 ..........
Other hardwoods 3,436 21D ..........

Tot al 284,820 19,688 .... 421 403 5,928

A]"I species 302,048 20,854 103,405 618 2,781 2,299 6,118

?0



Table 48.--Volume of primary plant residue by kind of material and
type of use, Minnesota, 1975.

(In thousand cubic feet)

Kind of wood residue

Type Total Coarse_]/ Fine _2/ Bark3/
of use Softwood Hardwood Softwood Hardwood Softwood Hardwood Softwood Hardwood

Fiber products _4/ 1,127.1 2,96_R.2 1,015.1 2,797.1 112.0 17]..I -- 76.6

Charcoal 57 6 216.2 57.6 216.2 .... 35.9 100.2

Industrial fuel 1,292.g 16].4 _on.7 2LR.I 492.2 133.3 694.1 404.5

Domestic fuel 36F_.4 1,034.q 354.4 _R51.5 la.O 183.4 167._ 423.5

• _/Miscel I aneouscL 167.9 60'0.9 LRg.7 51.1 78.? 54.9.8 14.0 459.2

Not used_-/ 1,430.0 2,155.8 494.0 50_R.I q36.0 1,647.7 ] ,inq.7 2,136.1

Tol;al 4,443.9 7,137.4 2,_RII.5 4,452.1 1,632.4 2,685.3 2,021.5 3,600.1

S .I/ uitable for chippina such as slabs, edqinas, veneer cores, etc.,.

-2/Not suitable for chippinQ such as sawdust, veneer clippings, etc.

-3/Does not include bark disposal at pulpmills.

-4/For manv.facture of pulp, hardboard, or roofina felt.

5/Livestock beddinq, mulch, small dimension, and specialty items.

• 6/includes residue burned as waste.

..

Table 49.--Removalsl/ net annual growth, and inventory of growing stock on commercial
forest land, Minnesota, 1977, and low removals option projections2_/ to 20(17

(In million cubic feet)

Removals Growth Inventory•

' A11 Soft- Hard- A11 Soft- Hard- A11 Soft- Hard-
Year species woods woods species woods woods species woods woods

1977 198.4 7(1.7 127.7 348.9 119.8 229.1 11,4.54.(1 3,477.0 7,977.0
1987 251.8 91.7 160.1 431.7 128.6 303.1 13,229.6 3,923.(I 9,3(16.6

1997 3(17.6 112.8 194.R 415.7 126.4 289.3 14,698.(1 4,174.7 I(1,523.3
2007 359.8 127.5 232.3 375.3 121.5 253.8 15,287.2 4,205.3 11,(181.9

I/Timber removals includes volume ;'lost" due to land clearing, flooding, thinning, or
changes in land use, in addition to timber cut and used.

--2/Based on the following assumptions" (a) that the overall removals rate will be lower
than that for th_ high removals option; (b) that annual removals rates will differ for each
timber product, but that timber removals will increase at an average annual rate of 2.678

• percent or 1,893 thousand cubic feet for softwoods and at an average annual rate of 2.730
percent or 3,487 thousand cubic feet for hardwoods; (c) that the total area of commercial
forest land will decline at an annual rate of 0.31(I percent; (d) that radial growth will de-
c!ine over time in relation to the increase of basal area per acre of trees; (e) that the
intensity of forest management practiced will continue at the rate indicated by recent
trends; (f) that the volume of "other" removals will drop during the period as more of
these trees are utilized for products.
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Table 50.--Removalsl/ net annual growth, and inventory of growing stock on commercial
forest land, Minnesota, 1977, and hi qh removals option projections_2/ to 2007

" (In million cubic feet)

RemovaI s Growth Inventory
A11 Soft- Hard- A11 Soft- Hard- A11 Soft- Hard-

Year species woods woods species woods woods species woods woods

1977 199.1 71.1 12F_.0 34B.9 119.8 229.1 11,454.0 3,477.0 7,977.0

1-987 270.3 98.5 171.8 432.1 128.5 303.6 13,148.8 3,889.8 9,259.0
1997 371.6 132.9 23F_.7 422.0 126.7 295.3 14,237.4 4,006.F_ 10,230.6
2007 485.7 166.1 319.6 392.7 122.F_ 269.9 13,995.4 3,750.2 10,245.2

-I/Timber removals includes volume "lost" due to land clearing, flooding, thinning, or
changes in land use, in addition to timber cut and used.

--2/Based on the following assumptions" (a) that the overall removals rate will be
higher than that for the low removals option; (b) that annual removals rates will differ
for each timber product, but that timber removals will increase at an average annual rate

, of 4.454 percent or 3,167 thousand cubic feet for softwoods and at an average annual rate
of 4.490 percent or 6,3R7 thousand cubic feet for hardwoods; (c) that the total area of
commercial forest land will decline at _n annual rate of n.31F) percent; (d) that radial

• growth will decline over time in relation to the increase of basal area per acre of trees;
(e) that the intensity of forest management practiced will continue at the rate indicated

. by recent trends; (f) that the volume of "other" removals will drop during the period as
more of these trees are utilized for products.

11

Table 51. Sampling errors_ I for estimates smaller than the State totals of volume,
net growth, removals, and area of commercial forest land, Minnesota, 1977

Sampling Commercial forest Growinq Stock Sawtimber
error area Inventory Growth Removals Inventory Growth Removals

Thousand
Percent acres .... MiI 1ion cubic feet ........ 2/Mi I I ion board feet ....

i 2,131.6 12,460.9 705.6 5,500.0 84,456.1 3,312.4 8,750.1
2 532.9 3,115.2 176.4 1,375.0 21,114.0 828.1 2,187.5
3 237.2 1,385.3 78.4 611.0 9,382.0 368.5 972.2
4 133.2 779.7 44.1 343.7 5,280.8 207.0 546.9
5 85.3 498.4 28.2 220.0 3,378.2 132.5 350.0

I0 21.3 124.6 7. I 55.0 844.6 33. I 87.5
15 9.4 55.2 3.1 24.4 375.8 14.6 38.9
20 5.3 31.3 1.8 13.7 211.6 8.3 21.9
25 3.4 19.9 1.2 8.8 135.4 5.3 14.0
50 0.8 5.0 0.3 2.2 33.9 1.3 3.5

i00 , 0.2 1.2 0.I 0.5 8.5 0.3 0.9

1/At the 68-percent probability level.

• -2/International I/4-inch rule.
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The fourthinventoryofMinnesota'sforestresourcesshowsa 21-
percentincreaseingrowing-stockvolumebetween1962and 1977,from

. 9.4 to 11.5 billion cubic feet. Presented are text and statistics on timber
• volume, growth, mortality, removals, and future timber supply.
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