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Introduetion

The future of jgmerican forests and of the lumber in-
dustry itself depends upon the inception. and maintenance

of susteined yield programs. Such programs necessitate
the regulation of the growing stock by means of proper

cqtting plans which will remove only an amount of timber
equal to the increment and will maintain the correct dis-
tribution of the remaining timber as to diemeter and age
classes. » »

Due to the existing lumber prices and logging methods,
only sertain areas can be handled on & sustained yield basis
and still produce & suitable income. Areas having such pos-
sibilities sre those which are accessible and near the mar-
kets end which, at the same time, have suitable site condi-
tions to insure rapid growth following cutting. ¥ost of the
hardwood forests in northern Wisconsin and the Upper Penin-
suls of Michigan have the necessary characteristics as men-
tioned above and, since much mature vérgin timber still re-
mains, are at once adaptable to the practices which will re-
sult in continuous production.

The Goodman Working Circle, with which this report is
concerned, is of the hardwood type mentioned in the previous

peragraph 4nd is located in northern Wisconsin. 1In addition
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to the natural attributes which obtazin in this area due to
location, several other factors make this Working Circle
perticularly well-suited to sustained yield. Before any

plan ean be formulated, rather extensive date must be avail-
able. On the Goodman area, this data has been provided by
the United States Forest Service. During the winter of
1935-1936 an extensive cruise was made of the timber'gqncgrned,
thus allowing compilation of stand and stock tables for each
of the timber types. In addition, a mill study was conducted
and from this, excellgnt volume tables were produced, again
by the Forest Service. When these tables are supplemented by
Browth figubes collected in this region by the Forest Ser-
vice, sufficient data is present for the formulation of = ,
feirly accurate cutting program leading to sustained yielad.

- S¢til1l another circumstance has made the Goodman Working
Circle an excelent area fof management for continuous pro-
duction. Although the area is for the most part privately
owned, the owners (namely, the Goodman Company) favor sus-
tained yield and, in addition to having cut selectively for
the past ten years, hawe cooperated in every manner possible
in providing data so that a sustained yield plan might be de-
veloped for their timber lands. Thus, if a suitable plen
can be produced, it is quite probable that it will be put

into practice. .
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_S-A
Description of the Area

The Goodman Working Circle is located in Florence,
Forest, and Marinette Counties in Wisconsin and consists
_of & total area of 151,910 acres of timber land typical of
thié_region. One phird of this area supports“merchantable
timber stands containing a totel net volgme»of 355,840 A
bd. ft. The circle includes all of Townships 39 and 40
North, Range 16 East; most of Townships 36 and 38 North,
Range 16 East, Townships 56, 39, and 40 North, Range I?}
Bast, and Townships39 North, Range 15 East; and part of
Township 38.N9rth, Range I% East, and Township 41 Nbrph,
Range 16 East. As previously noted, the Goodman Company
is the principle land owner in this area, owning 42% of the
area and 87% of the tptai sawtimber volume. ‘Tﬁq United States
Government owns 37% of the area and 5% of the sawtimber vol-
ume, while the remasining 21%'of the area apd 8%"wa$he sew-
timber volump is owned by various 1ndiv1duals, compenies,
and local govérnment.

The site conditions on the Working Circle are such as
to favor timber-growing over all other forms of land use,
The soil, for the most part, is a deep clay loam interspers-
ed with numerous small rocks. Some sandy soils are found
along the eastern edge and elsewhere in the area in seatter-

ed patches. Swamps occur throyghout the circle hut
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represent a relatively small portion of the total aiii>//2§z; ‘jé?
These swamps are well-drained and contain deep peat. The '
topography can be classified as gently rolling with occa-
sional low hills and ridges. The témperature range is great
with long, cold winters and a short growing season with
rather high average temperatures. Precipitation is abundant
with frequent showers in the summer and heavy snowfall in
the winter.

The timber stand remaining on the Goodman area, due tq ;:)
unregulated cutting, is less than half the original volume.~ /
BExcept for the removal of the coniferous stand in the last
of the 19th century, active cutting in this area did not
start until 1908. At that time the Goodman Lumber Company
began operations, taking from I5 to 21 million feet annually
until 1927. At this time the Goodman Compsny classified
its lands under the newly enéeted "Forest Crop Lew* of the 7%;V¢,
State of Wisdonsin and reduced its cut to approximately 12 ¢%u«4€49?
million feet per year., Up to 1936 (the time of the cruise)g";’”M?
the company had cut selectively X7, 515 acres of sawtimberﬁf
land, removing from 40 to 60 per cent of the volume.'/ﬁi‘.;e;e ?77‘5‘}‘"
remains 24,093 acres of uncut sawtimber with a total volumg=?5/"

. - e =t “ Mv 9
of 214,186 bd. ft.” As a result of the 20 years of clear- ALl |

cutting, and of occasional areas with poor site conditions,

there are 22,239 acres of pole size stands, 29,744 acres of



sapliqgisize stands, 22,423 acres of reproduction stands,
23,439 acres of highlandvbrush, 7,171 acres of non—produc-
tive land, gnd, in addition, 5,ZBé acres devoted to agri-
cultural,_residential, and»industrial uses,

The uncut sawtimber has been divided into four typgs
which, with their acreages, are as follows: Irixed Hardwood
type, 12,365 acres; Eastern Hemlock type, 5,559.ac?es;
Eastern Hemlock-Mixed Hardwood type, 3,980 acres; and -
Northern White Cedar type,‘$,920 acres. Sugar Maple, East-
ern Hemlock, and Yellow Birch predominate in the first
threevtypes, while Northern White Cedar makes up most of
the type bea;ing its name. In addition to the above acreages,
there are 289 acres of miscellaneousvminor types wh}ch‘dp
not come under the majpr type classification given above.

The facilities for handling the timber on the Goodman
Circle are rather well-developed. All of the timber cut by
the Goodman Company is hauled to the town of Goodman,_WisT
consin where the company mainteins its utilization plants.
These include a sawmill, rotary veneer plant, dimension plant,
dry kiln, and a wood distillation plant. Most of the pulp-
wood cut is shipped to peper mills in the towns of Marinette,
Rhinelander, or Appleton, Wisconsin. The labor supply is
adequate and well-satisfied with the policies of the Goodman

Company which, by the practice of selective cutting, has put
employment on & mpre permanent basis. Transportation



facilities are excellent, the area being served by two
railroads: The Minneapolis, St. Paul and Sault Ste. Marie
Railroad to the soutni\ffi\the Chicago and Northwestgrn
Railroad to the west. S &q2uwvﬂa (Hr “m>j;@wﬁﬁ£;"’”7
. The foregbing paragraphs show the excellence offthe
Working Circle as to location and facilities which would
favor some method of sustained yield. The United States
Forest Service has éreviously developed a management plan
as well as a financial plan for this area. One of the
purposes of this paper is to critically analyze the Fo;est
Service plan. This is most easily done by developing &
similar plan by differen# methods which have been used

successfully in the past.
The Plan

The plan presented in this paper will deal only with i
the management of the sawtimber stands of which 24,093 acres

§

are uncut and 17,515 acres have been selectively c¢ut during j
the last ten years. As the remaining stands.become large'
enough to produce sawtimber of suitable size, they may be
added and the cut recalculated. Although considersable pulp,
pole, and chemical wood exist on the area, sufficient data

is not provided to allow such classes to be included in the

l. U. S. Department of Agriculture, Timber Management and
Financial Plans for the Goodman Working Circle, United
States Forest Service, 1938. Bromley, W. S., Stott, C. B.,
and others.
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rorm-l"ation.of a-plan. by the method used...This is relative-
Iy unimportant since the circle depends.mainly upon the saw
timber cut to provide the nedessary income.

As stated in_the title, the management plan is to be
developed by means of the Basal Area Control methed, This
method is based upon the re;gyiogsh;p>beywpgn the basal area
of a.given forqst apq the yasal area in yield tgblgsvfo?.“
the seme site and type. BY the use of this relationship, a
gPpt;o; tab}ewgan_be,bui;@_up>which wiIIFIn.effect‘heman gI;-
age yieId tabIe for the forest in question and thereby allow
caloulation of the cut. )

The. advantages of the Basal Area Control mathod become
qpite spparent upon the ennsideraxion.of the a&tuul use and
results of the method. One of the grime'advanpageSAofvthis"

method is its simplicity, both in calculstion and Iater in
use, The only data nqeded gre stock and stand tables, vol-
ume: tables, growth data, and a suitable yield tables The
ealculations are relatively simple, making use, for the most
pert, of arithmetiocal procedures. The methed is aleo ad-
vantageous because it is reslistie. The results of the
method give a true picture of the stand and make evident
the ressons for taking the recommended cut. Thus it ean be
used readily in illustrating the prodéedure to one who is
not trained in forestry but who is interested in a sustain-
ed yield program. The method is also accurate since it is

S e

baged upon accura&%)principles. The resulis given are



purposely conservative and the cut recommended can be re-
moved without any danger of over-cutting,

The procedure fallowed in the Basal Area Control methed
can he outlined azs fellows:

(1} K suitable rotstion and ecutting cyele are chosen.

€2)Y A yield table which is applicable to the forest
type is selected.

¢(3¥ Diasmeter limits corresponding to the ages used are
then determined. |

(4) The normal Basal area in each age class is cg;gula-
ted. and these figures transformed into per cent (of totaXl
Basal area). |

(57 These per cents are spplied to the actual basal
area of the forest thus*éivtng the basal area in each age
class. " _ ‘

(éj ?henumust pe calculated the number of trees neces-
sary in each age class to supply the required basal arez in
that class. _

(7) The volume in each class is determined by the appli-
cztion of figureS'repéesenting b, ft. per sgquare foot eof
basal ares. | | |

(8) Thinmings are calculated, in the process of which
the followﬁng steps are utilized:

(&) The number of trees In each age class is reduced
to that of the following age classes with allowance in the
ITatter for mortality and breskage.
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€)% The basal srea and .volume to-be removed from each
age clags are caloulated, using the lowest diameter class&rn
each age class as a basis for the thinnings in that class.

(9) The remaining stand (after the cut) is reduced suf-
ffcientIy to allow for mortality and breakage..

(10) The growth is calculated, Reynold's method being
recommended and used in this case.

(11) The stand is reéIassified as it will sppear at the

ﬁsginnfng of the next cut, the same methods being followe&
In reclgssification as in the first classification.

In order to illustrate clearly the technique of apply-
ing the Basal Area Control method to = stand, & demonsira-
tien must be carried out showing the complete procedure. The
stend in the followiﬁg demcnstration is based on the average
stand per acre of the 24,093 acres of uncut sawtimber as
shown in the Stock and Stand Ta:ble “(Teble 2).

Before any calculations can be performed it is necessary

to decide upon & rotation and a cutting cycle. A rotation of
160 years was chasen as most closely approaching the matural
rotAtien, Experience figures show that in the Northern Hard-

woads, the forest becomes mmture st approximately I40 to 180

years. This is borne out by the yield table used for this
3.
type. This yield table shows that after the age of 160 years

2. U. S. Department of Agriculture, op cit, Appendix, p. 45.

3. Gevorkisntz, S. R., and Duerr, W. A., A Yield Table for
ﬂ?;iggrg.ggrdwoods in the Lake States, Journel of Forestry,
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Table 1 4,
Yield Table for Northern Hardwoods
(Medium Site)

Age Av, Diam, " No. of trees Basal area Volume per
per aore per acre aore in bd.ft.

_ (Seribner)
40 : 5.6 480 82 300

60 7.8 295 97 1600

80 9.5 220 109 3500
100 10.9 185 119 5350

120 12.2 155 128 7200
140 13.5 135 136 8850

160 14.8 120 143 10300

180 16.1 105 149 11500
206 17.4 95 155 12600

4, Gevorklantz, S. R., and Duerr, W. A., A Yield Table for
Northern Hardwoods in the Lake States, Journal of Forestry, April,

1937, p. 342,
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is reached, the average amnual growth in bd. ft.}per #cra is
weduced.

K cutting eyecle of twenjy years was selected due to the
fact that the Balance Wetween the rate of growth (which de-
creases as the cutting cyele is lengthemed) and the cost of
Yogging (which also decresses as the cutting cycle is lengtgz;/ {/ /
‘ened) is best ebtained by & cycle of 20 years. ?é;w’w

Since the fetation is to be 160 years, the size of an awmﬁ IA¥1§
erage tree IGO years old must next be determined. This Ihmﬁi/ .

T IS
~

was set at(?4 ineheé‘wgaturiby being indicated at this size by f’
the tunﬂenny'of the bd. ft. per sguare foot\of basal ares to
decrease in Iarger dismeters. This decrease shows that above
24*'In diameter, decay and diseasse are entering the stand te
such an extent that maximym production is no longer obtained.
Because no yield table data are availeble for stamds un-
der 40 years of age, = Iimit must also"be set as to D. B. He
at 40 years. Six inches was selected as the average diameter
of a tree 40 years old. Thus, ho trees under this size are
inelpded in the Stock and Stand Table (Table 2).
Kfter the I;mits'of the stand are set it is possible
to proceed to classify the stand on the basis of & rotation

of 160 years and a cutting cycle of 20 years. The first
step is to obtain from the yield table for even-aged stands

the normsl basal ares per acre which wilX exist in each of
.the six remaining age classes (Teble 3, Column 2). These
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Table 2 5:
Stook & Stand Table

1l 2 3 4 5
D, B. H. No. of Trees Basal Area Volume Bd. Ft. per
per Acre Sqg. Ft. of
Basal Area
6 33.69 6.603
8 24,71 8.624
10 21.94 11,957 403 34
12 17.09 13.416 705 . 53
14 13.67 14.613 1121 A
16 9.36 13.087 1225 94
18 7.18 12,687 1364 108
20 4,41 9,618 1145 119
22 2.78 7.339 913 124
24 1.90 5,970 737 123
26 1.18 4,354 546
28 «59 2,525 333
30 32 1.571 223
32 013 o727 98
34 .08 «504 ™

5. U. 8. Department of Agriculture, op cit, Appendix, p. 45.
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ﬁgurea are compiled by calculating, for a given age cleass,
the average:. basal area per acre for an even-aged stand of

the same age. Thus, in the 40-60 age class the average

hasal area per acre from the yield table will be 82“11{03 o7

or 89.5 sq. ft. per acre. However, since there are eight
age classes on an average acre (IGO), onIy une-efghth of the
Basal area on an gcre will be of treea 40 to 60 years old.
Therefore, the basal area of the even-aged stand divided

by the number of age classes equals 89.5 or 11.2 which Is
the amount of basal area of trees 40'-—g;years’ 0old on an av-
ergge all-age acre. This same calculation can be carried

out for each age class, thus for the 60-80 class: 97 EIuséI&E
‘ ' 2x
equals 12.9 square feeot per acre; and for the 88-100 class

109 _plus 119 equals 14.3 square feet per acre. The result
2x8
of this calculation as applied to the other age classes is

shown in Column 2, Table 3.
To get these basal area figutes into a ussble form they

must be transformed into per cent. Column 3 of Table 3
shows the percentage which the basal area in each class rep—
resents of the total. These per cents are then applied te
the total actusl basel area (in the forest) for an average
acre of all-sge timber 160 years old, excepting the (-40
Year class. The results obtained indicate the basal ares
which existz in each of the six age classes used (Column 4,
Table 3).

It is now necessary to determine the number of trees
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Table 3 {
Control Table
1 2 3 4 5 6 Net7 8 9 10 11 12
\l
Age class Normal basal % of total % Be.A x No. of Diam. Volume No. ogotrees %g.b:fczzees Agirox. Basal area Volume
area basal area acutal B.A. trees range—=—""" - am. removed removed
40-60 11.2 12.8 13.30 53 .68 6-8
470 31.62 6.33 "
60-80 12.9 14 .7 15.27 28.45 8-12 10 5.45 117
1012 22,12 2,99 n
80-100 14,3 16.3 16.93 19.90 12-14 12 2435 125
1551 16.91 2.47 n
100-120 15 .4 17.6 18.29 15.22 14-16 14 2.64 204
2065 2.'75 2057 @n
120-140 16.5 18.8 19.53 11.47 16-20 1 16 5.58 337
2515 8.90
140-160 17.4 19.8 20,57 8.01 20-24 EIZ
87y 100.0 103.890 138.73 83
Cut

ngrmature 1277 bd.ft.

Mature 2515 " o
Thinnings 783 " n
4575

n ”n




in each age class. This can be done by calculating the
number of trees of certain diameters (and therefore cer-
tain basal areés).required‘to complete the necessary amount
of basal ares as given in Column 4, Table 3. Starting

with the 140-160 class, 20.57 square feet of basal area

are required. From the Stand and Stock Table (Table 2)

the trees in the 84" and 22% diameter class, when added,
give a basal area of 5.97 plus 7.34 or 13.31 sgquare feet

and 1.90 plus 2.78 trees., This Ieaves 20.57 minus 13.51 or
7.26 square feet of basal area to be taken from the 20%
diameter class. Since there are &.41 trees in the 20* class,
the number of trees placed in the 140-160 age class would be
3a26 X 4.4l or 3.3% trees. Thus in the 140-160 class the
gggzi area is I3.31 pIus 7.26 which equals the required
20,57 square feet; and in this class there are 1.90 plus
2.78 plus 3.33 or 8.0l trees with a diameter range of 20 to -
24 inches.

Proaseding to the 120-Z40 age class, &z hassl area of
19,53 square feet is required (Table 3, Column 4). Since
only 7.26 square feet of basal area from the 20% class
were placed in the 140-160 age class, 9.62 minus 7.26 or
2.36 square feet of basal area and the remainder of the
trees, 4.4{2;&%% or 1.08 trees are placed in the 120-140
age class. Adding the basal area of the 18" trees to that

of the remaining 20" trees gives a total of 12.69 plus 2.36



or 15.05 and lgaves 19.63 minus 15.06 or 4.48 square feet of
basal area to be taken from the lé*vclass,wthe total basal
area in the 120-140 age class then being 12.69 plus 2.36 plus
 4.48 or the required 19.53 square feet. The number of trees

in this age class will then be: . o
| From the 20" clgss ——————————————————— 1.08
From the 18" class - - - - - - - m - - - - - - - -=-17.,18

From the 16" class 4.48 (B.A. requirgd“ffom 16") x9.3 3.21
13.07 (B.&. in 16% class) 11,47

Therefore there are 11.47 trees in the 120-140 age class with

a diameter range of 16 to 20 inches. When this calculation is
performed for the other ége classes a figure is obtained which
in each case represents the number of trees in the class. (Col-
umn 5, Table 3). When these are totaled, the result should equal
the total number of trees in the 6%"-24" diameter classes in the
Stock and Stand Table (Table 2).

The volume in each age class can easily be obtained by
multiplying the bd. ft. per square feet of basal area in each
dismeter class (Column 6, Table 2) by the amount of basal area
of each diameter class in the age class. In the 140-160 age

class there will be:

From the 24%" dismeter class - - - = - - = = = = - - = 737
From the 22" diameter clasg = — - = = = - = = = - - - 913
From the 20" dismeter class - - {119 x 7.26)- - - - - 865

. ZEIE.

s total of 2515 bd. ft. In the 120-140 age class there will be:
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From the 20% dismeter class - (11456 minus 868)-- - 280

From the 18" dismeter class — =« = = = = = = = = =  $564
From the 16" dismeter class (94 x 4.48) - - - - - 481
2065

a total of 2065 board feet. This calculation can be carried
out for each age class and the total board foot volume de-
"~ termined (Column 7, Table 5). ; A -

- It is now*poasiblg to determine the cut which will be
t&Ren\fro@_an average acre during the first cycle.. This cut
will be ma@e up ofithrge timbgr cIassesr (1) Oovermature tim-
ber; (2) Mature timber; (3) Thinnings. The overmature tim-
ber includes all trees over 24 Inqhes in @iameter, these hav-
ing a total voIume of 1277 bd. ft. The mature timber is that
in the 140-160 age class which has a total volume of 2515 bd.
ft. In order to obtain the amount of thinnings which will
be taken, another calculation must be performed. The gener-
al method is to reduce the number of trges in each age class
to that of the next oldest age class by taking out the poer-
est and in most cases the smallest trees in the class. How-
ever, allowance must be made for breeskage during logging and
mortality during the zozyear period. Experience figures

place this loss at 10%, i.e. the stand will be reduced by 10%
during the 20-year periocd. It is therefore necessary to re-

duce thinnings by this amount, this being most easily dene by

dividing the number of trees in each age class by .90 (CoXumn
6. U. S. Department of Agriculture, Op Cit, p. 42.
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&, Teble 3). This gives the number of trees which must be
Ieft in any given age cIass-in order to allow for a mortal-
ity of Ib%’durfng the following 80 years. The figures thgg
obt ained are then subtrapted from the actual number of,trees.
in the preceding age class and the difference is the mumber
of trees to be removed by thinning (Column 9, Table 3), In
caIculating-?he volume to be removedlin each age cIass,_the
bd. ft. per square foot of basal area for thé Iowest dfameter
class in the age class is used. When this figure is multt-
plied by the amount of basal area to be removed in the class,
the result is the volume which will be taken as thinnings
(Column 18, Teble 3). This volume represents a conservative
figure for thinnings as it is probable that the trees removed
in each age group will have an average volume higher than
that of the lowest diasmeter class in the group. However, the
use of a conservative figure eliminates the danger of over-eas-—
timating the cut which, if it happened, would be mikleading
in the financial calculations.

The total cut from the uncut sawtimber stands during
the last half of the first cycle will equal the sum of the

mgture timber, evermature timber, and thinnings which is:

Overmature — — = = - = = = = = = = = = = - - =~ 1277 bd. ft.

Mature — -« = - = = = = = = = - = = = ==« = - 2515 ¢ ]

Thinmnings = = = = = = = = = = = = = = = = = - 783 * w
7m0

The cut is therefore 48575 bd. ft. per acre. Since the uncut
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sawt imter stands will be cut over in 10 years, an.area of
24993’or 2,409 acres will be cut each year. The annual cut
wilg then be 2,409 x 4,575 or 11,020 M bd. ft.

It is now necessary to calculate the cut for the second
and following cycles. The remaining stand per acre_after the
first cycle éut igs-shown in Table 5, Column 1 and 2. Be-
cause of breakage and mortality these figures must be reduced
by 10% as shown in Columns 3'and.4 of the‘eame table. AI-
though this figure was used previously to determine the prdpf
er thinnings, it has not been applied to the remaining stand.
In order to calculate the second cycle cut, the growth of the
stands in the 26-year intervening period must be determined.

This is done by means of growth figures furnished by th; Forest
S‘ervice|7 as shown in Teble 4, which gives the average growth
in diameter for each species for a 20-year period. 1In order
to obtain a usable figure for the average scre the figure for
each species must be weighted by the number of trees of that
species occurring én the average acre. The figures for each
species thus obtained are then added and that sum divided by
the total number of trees in the average acre. This figure
represents the average growth for the stand and can be applied
to the average stand per acre.
In order to calculate the grdth, use is made of Reynold's
method. This method is approximately correct mathematically

and is accepted by many foresters for such calculations. The

7. W. S. Department of Agriculture, op cit, p. 44.



Table 4

8.
Growth Data

Specles Growth in Growth in Growth in

10 years 15 years 20 years
Sugar Maple 1.5 2.2 340
East. Hemloock 1.7 2.3 3.l
Yellow Birch 1.1 1.7 2.3
Basswood 1.9 2.8 3.7
Elm 1.2 1.7 2.3
Red Maple 1.5 2.2 3.0
Ash 1.5 2.2 3.0
North. Cedar 1.7 2.5 Se4
Balsam Fir 2.0 3.1 4,0
North White pine 1.8 2.7 346
Bl. énd Wh.Spruce 1.8 2.7 3.6

8. U.S. Department of Agrioulturse, Timber Management and Financial
Plans, United States Forest Service, 1938, p. 44.
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Table 5

Growth Calculations For
Second and Following Cycles

1 2 3 4 5 6 7 8 9
D.B.H. No. of Mortal- No. of Radial Move Move Total 20- Basal
trees ity tress Growth  two one yre. Aréa
minus classes oclass hence
mort.
6 33.69 3.37 30.32 1.52 17.77 12.55
8 24,71 2.47 22,24 1.52 11.58 10.66 12.55 4.38
10 15.61 1.56 14.05 1,52 7e31 6.74 28.43 15.50
12 14.10 1.41 12.69 1.52 6.60 6.09 18.32  14.39
14 11.20 1.12 10.08 1.52 5.24 4.84 13.40 14.32
16 6.79 «68 6.11 1l.52 3.18 2,93 11,44 15.97
18 7.18 72 6.46 1.52 3436 3.10 8.17 14.42
20 1.08 .11 .87 1.52 <50 47 6.28 13,70
22 3.83 10.11
24 «50 1.52

26
102.92 “T0Z.%2 T04.31



theory behiind the metihod, is that on the aversge, the @igit
to the Ieft of the decimal point of any growth figure indi-
cates the number:pf diemeter classes ell of the trees in a
given diameter class will advance, while the figure to the
‘right of the decimal point gives the proportion of trees in
the diameter class which will advance one more class than
the left hand digit indicates during the perfod for which
the growth figure is calculated. Thus in the average stand
per acre remaining after the first cycle cut, the weighted
average growth figure is 3+65 inches. The Forest Service

In this region - S '
has discovered that”all dfameter classes will grow approxi-
mately the same amount following & cut which removes in the
neighborhood or 5b%'9f the volume, so that it is not neces-
sary to obtaln = separate figure for each class, #nd there-
fore the asbove figure spplies to all diameter classes. Then,
according to Reynold's method'all of the trees in a dismeter

class will move at least three one-inch clesses while 3% will
move f[our one-inch clazsses in the 20-year peried. However,

gince the data in the Stand and Stock Table is given in two-
ineh diﬁmnter classes, diameter growth can not be used but in-
stead, radial growth, i. e. one-hglf of the diameter growth,
must be utilized. The growth figure appIied to each dismeter
elsss will advance at least emne two-inch diameter eclass, while
52% of the trees will advance twe two-inch diameter classes.
The results of the application of this figure to the remaining

gatand are shown in Columns 6 and 7 of Table 5. The total
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numtrer- of trees in each diaﬁeter class as shown in Column 8
fs obtained by adding the number .of trees.in the preceding
dismeter class which move one diameter class to the number

of trees in the second preceding class which move two diamet-
er classes.

The result of the preceding calculation gives the stand
as it will appear 26 years in the future. By using the Basal
KArea Control method it is possible to recIassify the stand.
and again calculate the cut as shown in Table 6. Since the
stand is 20 years older, the 40-60 class will have become the
60-80 class, the 60-80 class ¥R#180-100 class, etc., and,
since there was previously no data for the'o-zo class and
20—@6 class, there is no data for the 40-60 class as it ap-
pears in the stand 20 years in the future. The classifica-
tion is therefore done on the bagis of five age classes:with
basal area taken from the yieid table as shown in Column 2,

Table 6.

The same proéedure as previously outlined is followed in
building up the new control table and obtaining the volume to

be removed. Since there will be no overmature timber, the

cut will be made up of mature timber and thinnings. The for-
mer as given in Column 7, Table 6, is 2772 bd. ft. The thin-

nings are calculsted by subtraeting the number of trees need-
ed in each class, as previously determined (Column 8, Table 3)
from the actual number of trees in the preceding age class

(Column 5, Table 6). This procedure will thin the stend



Table 6

Control Table for Second

and Followling Cyoles
(last half)

1 2 3 4 5 6 " 8 9 10 11 12
N Fr"”‘ ‘[‘,bleJ
Age class Normal basal % of total % B.A. x No. of Diam.- Net No. of trees No. of trees Approx. Basal area Volume
area pasal area actual B,A. trees range Volume .90 to be cut diam. removed removed(bd.ft
0-40 f
40-60
60-80 12,9 16,9 17.63 36,57  8"-10" 450 31.62 14.45
80-100 14.3 18.7 19.50 25,42  10"-14" 1057 00,12 8.51 10" 4.64 158
100-120 15.4 20.1 20.97 17,51 14"-16" 1764 16.91 4.76 14" 5.09 391
120-140 16.5 21.6 22.54 13.56 16"-20" 2372 12.75 4,66 16" 6451 610
140-160 17.4 22,7 23 .67 9,86 20"-24" 2772 8.90
. 150.0 104,31 102.52 ' 78 ] 1159
g Cut
Mature 2772 bd.ft.

Thinnings1159 bd.ft.
303T bd.ft.
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down to-the»same sﬁocking-as was present following the pre-
viousput. Thus, approximately the sameamount will be removed
by each cut beginnfng\ﬁith thg second cutting cycle, this be-
ing 2772 plus 1159 or 4096 bd. ft. The annual cut during the
last half of the second. and following cycles will therefore
be 24E093-.f‘595I or 9480 M bd. ft. There is a possibility
of an increased cut in the later cycIesvdue to the effect of
éontinued management on the forest. However, this increase
cannot be galcuIaxed until after the results of the selective
cut have become known. _ S v ) o

~ The previous illustration presents the Basal Area Con-
tpol method as applied to an average ap;e‘pf the 24,095 acres
of uncut sawtimber stands. This is more or less a guiding
calcglation to determine the feasibility of sustained yield
management on this area end at the same time obtain an ep-
proximation of the cut which can be removed during the Iast
half of each cutting cycle. In order to obtain the true cut
which can be removed, the previous calculations must be car-

ried out separately for each of the four major types present.
Such calculations will establish different cutting practices

in each of the four types, this being necessary because each

presents & stand of different composition and stocking.
The results of the spplication of the method t& each of

the types are shown in Tables 7 to 22. In the Mixed Hardwood,
Eastern Hemlock, .and Fastern Hemlock-Mixed Hardwood types

the same yfkeld table methoda are used. However, the Northern
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White Cedar type requires sIight varistions in handling; al—
though the basic method remains the game. T _he Northern Hard-
woods yield table can no longer be used bhecause the spand is
for iha.most part made up of Northern White.Cedar and\its .
‘associated species. It is therefore hecessgry to ob#zin =
yield takle which will fit this forest type. Although It
was Iimpossible to locate a yield table for this specifié
type, & suitable substitute was found in a yield tablé for
red spruce,..which_haﬁ somewhat the same.silvicuTtursl char-
acteristice. Since proportional distribution of basal ares
smong the age classes is all that is required from the yield
table, no great error would be_encounﬁered even though the
yield table is not directly applicable to the stand in ques=-
tion. It was glso necessary to place new limits on this type,
since growth habits are different. The minimum limit, i.e.
the minimum size of trees 40 years o0ld, was set at two inches,
while the maximum size of trees Iﬁd years old was placed at (>
20%, The overmature timber was then considered as all that /
egver 20" in dismeter. The rest of the calculations were
carried out as shown in the demonstration.

this completes the cazeulations for the uncut sawtimber
stand. The next and final set of calculations pertains to

the 17,515 acres of selectively cut stands. These stands

9. Meyer, W, H., Yields of Second-Growth Spruce and Fir in

the Northeast, U. 8., Department of Agriculture, Teehnical
Bulletin 142, 1929,



wilk not be cut until the beginning of the seoond dyele, ten
years hence. It is necessary, therefore, to calculate the )
growth of these stands for the next ten years before classify-
ing By'ﬁasaI area. Reynoldts method is sgain brought into use-
as shown in Table 24. The stand aé predicted forward ten years
is then classified on an aga class basis, following the same
methods as previously used. The calculations and results are
shown in Tables 23 to 27. |

vThis completes the cqmputations,and the cutting plan can-
Eé outlined as given ih Tablé 28. K slight discrepancy is ap-
paren£|betwaen the.cut-in the first half of any cycle‘and
that in the last half. This is due to the fact that a larger
aféa\(2,409 acres) is cut during the Iast ten years of each
e&gle.than during the first ten years (1752 acres). If the
difference between these cuts is sufficient to cause difficulty
in planning the mill and woods operation as to labor, depre=
eiation, etc,, the situation can be improved by acquiring suf-
ficient ares, with approximately the same stocking as selec-
tively cut stands, to balance the cut. If so desired, this
purchase program could be minimized by disposing of & small
portion of the uncut stands, thereby obtaining sufficient
revenue to purchase the required stands end balance the cut-
ting budget throughtut each cycle.

The total cut as calculated by the use of the Basal Area
Control method can now be compared with the total cut calcu-

lated by the method used by the Forest Service. This comparison



s shown in Table 28...The results obtained by the two. dif-
ferent methods7agree very olosely,'the maximum variancelbe-.
Ing-only.sf;..lt*is.not evideotfih.thewForest.Servioevreport
. what method was used in determining the numier of trees and
‘vqume fo ie removed from each’ diameter cless. Ebwever, it
is undoubtedly an accurate method and, since the resuIts ob-
’ tained by the Besal Area GOntrolAmethod show such slight
bvariation from the Forest Service figures, it would seem

N

that either-method fs sufflciently acourate to allow its
nse in deveLOping ‘sustained yield plans. s |
Ih all the calcuIations heretofore presented, an attempt
fe made to usge conservative figures, therby avoiding an»over-
estimation of toe cut. As a,resuIt,‘the cut predicted by
these methods can be said to be the absolute minimum which
can be expected. This fact, coupled with the possibility of
increased cuts due to the reaction of the stand to continued
management, indicates that the cut in all probability will be
larger than previously determined. Because of this possibil-

ity, the cutting budget must, especially after the second cy-

cle, Be taken only as a guide. It is necessary that data be
collected confinuously and the stand inspected freguently to

determine the posgibility of increased cuts and therefore
more profitable operation. At the same time, the growing

yield production is to be continued; in short, over-cutting

must not be indulged in.



MIXED HARDWOOD TYPE--12,365 acres



Table 7
10.
Stock & Stand Table

1 2 3 4 5
D. B. H. No. of trees DBasal area Volume Bd. ft. per
per aore sq. ft. of
basal area
6 26.68 5.23
8 17.85 623
10 15,97 8,70 340 39.1
12 13.10 10.28 620 60.3
14 10.62 11.36 930 87.5
16 8.90 12,42 1214 97.1
18 6.87 12,11 1375 113.5
20 4.90 10.69 1299 121.5
22 3432 8.76 1175 134.0
24 2.11 6.64 854 127.1
26 1.42 5.24 663
28 o 5% 2.44 319
30 21 1.03 136
32 .18 1.01 129
34 .06 58 49
1I2.786 TO0Z.52 5103

10. U. S. Department of Agrioulture, op cit, Appendix, p. 84,



Table 8

Control Table for Last

Half of First Cyole

1 2 3 4 5 6 7 8 . 9 10 11 12
Age oclass Normal basal % of total % B.A. x No. of Diam. Net No., of trees No. of trees Approx. Basal area  Volume
area basal area actual B.A. trees range Volume .90 to be cut diam, removed removed (bd.ft,)
0-40
40-60 11.2 12.8 11.82 45,38 6"-10" 18 50.42 21.16 10" 11.52 18
60-80 12.9 14 .7 15.58 21.80 10"-12" 704 24,22 4,18 10" 2.28 89
80-100 14.3 16.3 15.07 15.87  12"-14" 1052 17,62 3.09 12" 2.43 146
100-120 15.4 17.6 16.27 11,50 14"-18" 1616 12,78 1.49 14" 1.59 139
120-140 16.5 18.8 17.38 9.61 18" -20" 2035 10.01 1.50 1is" 2.65 301
140-160 %";f% I%g_f_g 18:50 6:'76 20"-24" 2382 7.51 6.76 20"-24" 18.30 2382
Cut
Overmature 1314 bd.ft.
Mature 2382 " n
Thinnings 693 " "

43z "

n
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Table 9
Growth Calculations For

Seocond and Following Cycles

1 2 3 4 5 6 7 8 9
D.B.H. No. of Mortal- No. of Radial Move Move Total Basal
trees ity trees growth two one 20-yr. aresa
minus classes class hence
mort.
6 26.68 2.67 24,01 1.45 10.65 13.65
8 17.85 1.79 16.06 1.45 7.12 8.94 13.36 4.66
10 10.94 1.09 9.85 1.45 4,43 5.42 19.59 10.68
12 10.01 1.00 9.01 1.45 4.05 4,96 12.54 9.85
14 9.13 91 8.22 1.45 3.70 4.52 9.39 10.03
16 8.90 «89 8.01 1.45 3.61 4,40 8.57 11.96
18 5437 «54 4,83 1.45 2.17 2,66 8.10 14,31
20 3457 «36 3.21 1.45 1.45 1.76 6.27 13.68
22 3493 10.38
24 1.45 4.55

83.20 B3.20  90.10



Table 10
Control Table for Sécond

and Following Cyocles

1l 2 3 4 5 6 7 8 9 10 11
Age class Normal basal % of total % of B.A. X No. of Diam. Net No. of trees No. of trees Approx. Basal arsa
aresa basal aresa actual B.A. trees range _ Volume 00 to be cut diam. removed
"0=40
40-60
60=-80 12.9 16.9 15.22 32.73 g"-10" 413 24 .22 15.11 10" 8.24
80-100 14.3 18.7 16.84 19.19 10"-14" 1200 17.62 641 12" 5.03
100-120 15.4 20.1 18.11 13.23 14"-18" 1775 12.78 3.22 16" 4,50
120-140 16.5 21.6 19 .47 10.13 18"-20" 227 10,01 2.62 18" 4,63
140=160 17.4 22,7 20.46 7.92 20" .24" 2640 7.51 7.92 20M-24" 20.46
76.5 T00.0 90.10 B3.20 8305
Cut
Mature 2640 bd. ft.
Thinnings "

1469 "
105 "

"



EASTERN HEMLOCK TYPE
3,539 Acres
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Table 11
11,
Stock & Stand Table
1 2 3 4 5
D. B. H. No. of trees Basal Area Volume Bd. ft. per
: per acre Sq. ft. of
basal area
6 35.20 6.90
8 28.90 10.09
10 25.80 14.07 515 37
12 19.10 15.00 825 55.0
14 17.60 18.82 1488 79,0
18 10.50 14,65 1335 91
18 8.50 15.01 1539 103
20 4,70 10.26 1195 117
22 2,70 7.13 858 120
24 1.90 5.86 737 124
26 1.80 6.64 865
28 1.00 4,28 577
30 , «30 1.47 254
32
34 .10 +63 84
158,10 Y30.91 10272

11. U. S. Department of Agrioculture, op cit, 1938, Appen-
dix p. 25.



Table 12
Control Table for Last
Half of First Cycle

1 2 3 4 5 6 " : 8 9 10 11 12
.Age class Normal basal % of total % B.A. X No. of Diam. Net No. of trees No. of trees Approx,. Basal area Volume
area basal area actual B,A. trees range Volume 90 to be cut diam, removed removed(bd.ft.)
0-40
40-60 11.2 12.8 15.09 58.66 6" -g" 65.30 22.05
60-80 12,9 14.7 17.33 32,96 g"-12" 590 36.61 7.86 10" 4,28 158
80-100 14.3 16.3 19.22 22,59 12".14" 1192 25.10 2.86 12" 2.25 124
100-120 15.4 17.6 20.75 17.77 14"-16" 1731 19.73 2.63 14" 2.81 222
120-140 16.5 18.8 22.16 13.62 16"-20" 2190 15.14 3.29 16" 4.59 418
140-160 %;f% I%%f% 23:34 9:50 20" -24" gggg 10:35 -
Cut

Overmature 1780 Bd.Ft.
Mature 2789 " ¢

Thinnings geg " n
5491 " "
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Table 13
Growth Caloulations For

Second and Following Cycles

1 2 3 4 5 6 7 8 9
D.B.H. No. of Mortal- No. of Radial Move Move Total Basal
trees ity trees Growth two one 20-yr. area
minus classes c¢lass henoce
' mort.,
6 35,20 3,52 31,68 1.53 16.68 15,00
8 28.90 2,99 26.01 1.53 13.79 12.22 15.00 5.24
10 17,94 1.79 16.15 1.53 8.56 7.59 28.90 15,75
12 16.24 1,62 14.62 1.53 7.75 6.87 21.38 16.79
14 14,97 1.50 13.47 1.53 7.26 6621 15.43 16.50
16 7.21 72 6.49 1.53 .44 3.05 13.96 19.48
18 8.50 «85 7.65 1,53 4,05 3.60 10.31 18.21
20 7.04 15.37

22 : ‘ 4.05 10.69
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Table 14
Control Table for Second

and Followling Cycles

1 2 3 4 5 6 i/ o ,3 TFuble 12 ° 10 11 12
e e e Rathiaer Fomal B e} Dem b Tt "o % cut” dlam romoved - removea(va.re
0-40 ‘
40-60
60-80 12.9 16,9 19.94 41.97 g"-10" 544 36.61 16.87 10" 9.20 341
80-100 14.3 18.7 22,06 27.25 10"-14" 1296 25.10 7452 10" 4.10 152
100-120 15.4 20.1 23.74 19.70 14" 16" 2112 19.73 4.56 14" 4.87 385
120-140 16.5 21.6 25.49 15.64 16"-18" 2530 15.14 5.31 16" 7.4l 675
140-160 17 .4 22.7 26.80 11,51 18" -22" 3155 10.33
. . . o637
Cut
Ma ture 3155 bd.ft.
Thinnings 1553 " "

mo ”n



EASTERN HEMLOCK-MIXED HARDWOOD TYPE
3,980 Aores
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Table 15 12.
Stook & Stand Table
1 2 3 4 | 5
D.B.He No., of trees Basal area Volume Bd. ft. per
per acre sq. ft. of
basal area
6 22.96 4,50
8 21.95 7.66
10 23,53 12.82 478 37
12 18.41 14 .46 817 57
14 15.56 16.62 1334 80
16 11.28 15.73 1478 94
18 8.98 15.86 1719 108
20 4,65 10.15 1198 118
22 3.16 8435 1019 122
24 2.30 7.23 888 123
26 .92 3.40 434
28 «46 1.97 259
30 «65 3.19 424
32 .18 1.01 126
34

.09 +57 70
I35.08 12352 10222

12. U.S. Department of Agrioculture, op oit, 1938, Appendix
p. 26.
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Table 16
Control Table for Last

Half of First Cyole

1l 2 3 4 5 6 7 8 9 10 11 12
Age olass Normal bas- % of total % B.A. X No. of Diam, Net No. of trees No. of trees Approx. Basal area Volume
al area pasal area aotual B.A., trees range Volume .90 to be cut diam. removed removed(bd.ft.)
0-40 | |
40-60 11.2 12.8 14,52 49 .26 6"-10" 91 54,75 19.16
60-80 12.9 14,7 16.67 27.08 10"-12“' 734 30.10 4;76 10" 2.60 96
80-100 14.3 16.5 18.48 20.09 12"-14". 1293 . 22.32 2.64 12" 2.07 118
100-120 15.4 17.6 19.96 15.71 14" -16" 1786 17.45 2.33 14" 2.49 199
120-140 16.5 18.8 21.31 12.04 16" -20" 2311 13.38 2.48 16" 3446 325
140-1860 17.4 19.8 22.44 8.60 20"-24"‘ 2722 9.56
100.0 T13.20 \ 8937 738
Cut
Overmature 1313 bd.ft,.
. Mature 2mez v ¢
Thinnings 73g "

n

n
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Table 1%
Growth Calcoulations For

Second and Following Cyocles

1 2 3 4 5 6 " 8 9
D.B.H, No. of Mortal- No.of Radial Move Move Total Basal
trees ity trees growth two one 20=-yr. area
minus olasses class henoe
mort.
6 22,96 2.30 20.66 1.56 11.58 9,08
8 21,95 2.20 19.75 1.56 11.0%7 8.68 9,08 3617
10 18,77 1.88 16,89 1.56 9.45 7.44 20,60 11.05
12 15,77 1.58 14,19 l1.56 7 .94 6.25 18,51 14,52
14 13.23 1.32 11.91 1.56 6.6%7 5.24 15,70 16,79
16 7.82 .78 7 .04 1.56 394 3.10 13,18 18.40
18 8.98 «90 8.08 1.56 4,53 355 9,77 17.25
20 1.51 .15 1.36 1.56 76 «60 7«49 16,33
22 5.13 13.53
24 76 2.39
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Table 18
Control Table for Second

and Following Cycles

1 2 3 4 5 6 7 From ?‘able “ 9 10 11 12
Age class Normal basal % of total ¥ B.A. x No. of Diam. Net No. of trees No. of trees Approx. Basal area Volume
area basal area aoctual B.A. trees range Volume 90 to be cut diam. removed removed(bd.ft)
0-40
40-60
60-80 12.9 16.9 19.16 35.63 g"-10" 690 30.10 13.31 1o" 7.25 268
80-100 14,3 18.7 21.21 23.10 12"-14" 1478 22.52 5.65 12" 4,44 253
100-120 15.4 20.1 22,79 17.45 14"-16" 2071 17.45 4,07 14" 4.35 348
120-140 16,5 21.6 24,50 13.30 16" -20" 2699 13.38 3.74 16" 5.22 491
140-160 17:4 22:7 25:77 10:40 20"-24“‘ 3108 9.56 S
Cut
Mature 3108 Bd.Ft.
Thinnings

1360 " "
4768

” n



NORTHERN WHITE CEDAR TYPE
3,920 Aores



Table 19
13,
Stock & Stand Table
1 2 3 4 5
D.B.H. No. of trees Basal area Volume Bd. Ft. per
per acre sq. ft. of
basal area
2 175.91 3.87
4 91.12 7.93
6 66.6%7 13,07
8 45,67 15,93
10 36.57 19.92 535 27
12 26.94 21.15 860 41
14 17.60 18.82 1130 60
16 7.79 11.88 770 65
18 4,73 8.36 620 74
20 2.58  5.63 475 84
22 74 1.95 190
24 .64 2.01 200
26 .18 .66 68
28 37 1.58 140
30 .18 .88 78

ey 13372

13, U. S. Department of Agrioculture, op cit, 1938, Appen-
dix Pe 27.



Table 20
Control Table for Last

Half of First Cycle

1 2 3 4 5 6 | 7 8 9 10 11 12
Age class Normal basal % of total % B.A. x No. of Diam. Net No. of trees No. of trees Approx. Basal area Volume
area basal area actual B.A. trees range Volume « 90 to be out diam. removed removed(bd.ft.)
0-40
40-60 19.42 12.67 16,02 288.60 2" g
60-80 24 .84 16.21 20.52 78.56 6" -g"
80-100 26 .37 17.20 21.77 44,35 g"-10" 470 49.28
100-120 27.20 17.73 22.45 29.95 10%-12" 879 33.28 6.72 10" 3.66 181
120-140 27.62 18.01 22,79 20.89 12"-16" . 1359 23.23 6417 12" 4.84 253
140-160 27,83 18.18 23.01 13,23 16" -20" 1682 14.72
153.28 T100.00 126.56 IM5.58 7330 37
Cut

Overmature 676 bd. ft.
Mature 1682 " n

Thinnings 434 " "
2voz
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Table 21
Growth Calculations For

Second and Following Cyoles

1 2 3 4 5 6 7 8 9
D.B.He No. of Mortale« No. of Radiel Move Move Total 20- Basal
trees ity trees growth two one yre. area
minus classes olass hence
mort.
2 175,91 17.59 158.32 l.63 99,756 58,57
4 91.12 9.11 82,01 1.63 51.65 30.36 58,57 5.10
6 66467 6.67 60,00 l.65 37.80 22,20 130.11 25.50
8 45,67 4,57 41,10 1.63 25.90 15.20 73.85 25.77
10 29.85 2,99 26.86 1.63 16.92 9.94 53.00 28.88
12 20.77 2,08 18,69 l.63 11.78 6,91 35.84 28.14
14 17.60 1.76 15,84  1.63 9.98 5.86 23.83 25.47
16 1.87 .19 1.68 1.63 1.06 62 17.64 31.17
18 10.60 18,72
1.06 2431

207.50 204,560 TI9Y.06
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Table 22
Control Table for Second

and Following Cycles

Thinnings 916
3711

1 2 3 4 5 6 v . 8 10 11 12
Frorm Table 20 Approx.  Basal area Volume
Age class Normal basal % of total % B.A. x No. of Diameter Net No. of trees No. of tr:e: g?am ] removad removed (bd.ft)
area basal area actual B.A. trees range Volume o) to be cu 0
0-40
40-60
60-80 12,9 18.6 35 .54 202.83 4".g"
80-100 14.3 19.7 37.64 90.55 g"-10" 563
" . 338
100-120 15.4 20.3 38.79 56.18 10"-12" 1421 33.28 22,95 10 12.51
_ n . 578
120-140 18.5 20.6 39.35 32 .69 12"-16" 1873 23.23 17.97 A2 14.1
140-160 17.4 20.8 39,74 22.25 16" -20" 2795 14.72 5TE
6.5 T00.0 13T.06 5652
Cut
Mature 2795 bd, ft.



SELECTIVELY CUT STANDS
17,515 Acres



Table 23
Stock & Stand Table
1 2 3 4 5
D.B.H. No. of trees Basal area Volume Bd. ft. per
per acre sq. ft. of
basal area
6 28,84 5.65
8 20.61 7.19
10 16.96 9.24 331 36
12 12.22 9.58 549 57
14 9.88 10.56 889 84
16 7.58 10.58 1101 104
18 5.22 9.22 1145 124
20 3.85 8.40 1165 139
22 2.15 5.68 852 150
24 1.47 4,62 736 159
26 4 1,74 290
28 .18 &7 134
30 .08 «39 74
32 .02 .11 22
34 .02 .12 25
T109.55 83.85

14, U. S, Department of Agrioculture, op oit, 1938, Appen-
dix p. 23a.,
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Table 24
Growth Calculations For

First Half of Second Cyole

1 2 3 4 5 6 7 8 9
D.B.H. No. of Mortal- No. of Radial MNove Move Total Basal
trees ity trees growth one zZero 20-yr. aresa
minus classes classes hence
mort.

6 28.84 1.44 27.40 79 21.65 5,75 5.75 1.13
8 20,61 1.03 19.58 .79 15.48 4.10 25,75 8.99
10 16.96 «85 16.11 79 12,72 3,39 18.8%7 10.28
12 12.22 61 11 .61 79 9.18 2.43 15.15 11.90
14 9.88 «49 9.39 «79 7.42 1.97 11,15 11.92
16 7.58 38 7.20 <79 5.69 1.51 8.93 12.4%7
18 5.22 .26 4,96 79 3.92 1.04 6,73 11.89
20 3485 .19 3.66 <79 2.89 77 4,69 10.23
22 2.15 .11 2.04 79 1,61 43 3.32 8.77
24 1.4%7 0% 1.40 79 1.11 .29 1.90 5.97
26 4" .02 .45 .79 36 .09 1,20 4,43
28 .18 01 <17 79 .13 .04 «40 1.71
30 .08 .00 .C8 79 «C6 .02 «15 74
32 .02 «00 .02 .79 .02 .00 06 34
34 .02 .00 .02 79 .02 .00 .02 .13
56 .02 .14

104.09 104,05 TO1.04



Table 25
Control Table for First

Half of Seocond Cyocle

1 2 ) 4 5 6 7 - 8 9 10 11 12
Age class Normal basal % of total % B.A. X No. of Diameter Net No. of trees No. of trees Approx. Basal area Volume
aresa basal area actual B.A. trees range Volume «90 to be ocut diam, removed removed(bd.ft.)
0-40 i
40-60
60-80 12.5 16.9 15.81 41,94 6" -10" 205 46,60 14,72
80-100 14.3 18,7 17.49 24,51 1c"-14" 927 27.22 6.89 10" 3.76 135
10V-120 15.4 20.1 18.81 15.87 14"-16" 1739 17.62 2.85 14" 3.05 256
120-140 16.5 21.6 20.21 11,72 16" -20" 2471 13.02 2.60 16" 3.63 378
140-160 17.4 2247 21.23 8.20 20" -24" 3167 9.12
. 100.0 93.55 To2.22 8509 55
Cut
Overmature 1300 bd. ft.
Mature 31e7 " "
Thinnings 769 " "

m " 1
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Table 26
Growth Calculations For

Third and Following Cycles
(first half)

1 2 3 4 5 6 7 8 9
D.B.Hs No. of MNortal- Lko. of Radial Move Move Total Basal
trees ity trees growth two one 20%yr. area

minus classes class henoe
B mort.
6 5.75 .58 5.17 1.59 3.05 2.12

8 25,75 2.58 23.17 1.59 13.87 9.50 2.12 .74
10 11.98 1.20 10.78 1.59 636 4.42 12,55 6.85
12 15.15 1.52 13.63 1.59 8.04 5.59 18.09 14.20
14 8.30 «83 7.47 1.59 4,41 3.06 11,95 12,78
16 6.33 «63 5.70 = 1,59 3.38 2.32 11.10 15.48
18 6473 .67 6.06 1.59 3.58 2.48 6.735 11.89
20 1,71 17 1.54 1.59 91 «63 5.,86 12.78
22 4,21 11.10
24 .91 2.86



Table 2%
Control Table for Third

and Following Cyocles
(Pirst half)

1 2 3 4 5 6 7 - 8 9 10 11 12
From Tab‘t 25
Age class Normal bas- % of total % B.A. x No, of Diameter Net No. of trees Np. of trees Approx. Basal area Volume
al ares basal area actual B.A. trees range Volume .90 to be cut diam, removed removed(bd.ft.)

0-40
40-60
60=-80

80-100 14.3 22.5 19.95 30.42 g".12" 951 27.22 12.80 10" 6.98 251

100-120 15.4 24 .2 21.46 19.19 12"-16" 1890 17.62 6617 12" 4,85 276

120-140 16.5 26.0 23.05 14 .09 16" -20" 21723 13.02 4,97 16" 6.94 n22

140-160 17.4 27.3 24,22 9,.82 20" -24" 3546 9.12
L] [} [ Y m m
Cut
Mature 1249 bad, ft.

n "

Thinnings 3546 " "
5
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Table 28
Cutting Budget and
Comparison with Forest Service Results
First Cycle (last half: 1937-1946)
Annual Cut

Baszl Area Control iLlethod

103640 B or 10,364 i bd. ft,

Forest Service kethod

. 108720 ¥ or 10,872 ¥ bd. ft.
10

Second Cycle (first half, 1947-1956)
Annual Cut
Basal Area Control kethod

91,700 M  or 9,170 M bd. ft.
10

Forest Service Method

93920 M or 9,392 K bd. ft.
10

Second and following Cycles (last half)
Annual Cut
Basal Area Control Kethod

98,640 M or 9,864 M ba, ft.
10

Forest Service llethod ( 2nd cycle only)
101,680 I or 10,168 Lk bd., ft.
10

Third and Following Cycles ( first half)
Annual Cut
Basal Area Control Method

84,000 K or 8,400 X bd, ft.
10
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Summary and Conclusion

Sustained yield, based upon regulation of the growing
stock by proper cutting practices, will ultimately solve the
problems of - gmerican %orestry.. Thig type of productioh is es-
pecfaily suited to certain areas which combine optimumisite'
conditions witb & good location and a suitable timber stand.
The Goodman Workiné dircle, located in the Northern Hardwood
.Region of,northefn Wisconsin, fulfills the requirements for
an aréa which is to be managed for continuous production.

In order tb obtain sustained yield, a plan must be for-
mulated which will control the cutting so as to maintain the
growing stock at a sufficient level. Because of its.simpli-
city, realism, and accuracy, the Basal Area Control method is
well-adapted to the development of a plan of regulation. This
method, as has been shown in the preceding demonstrational
calculation, is based upon the relationship between the basal

* area existing in the actual forest which is to be managed,

and the basal area in a normsl forest as determined from
yield tables.

The Basal Area Control method relies upon comparatively
gimple arithmetical calculations. The prodedure which is
followed méy be summed up in seversal general steps, as given
on pages 8 and 9, In order to obtain the correct total cut,

these steps must be applied to each of the four major types
recognized in the uncut sawtimber stands on the Goodman area,

and also to the selectively-cut stands on the area. The



/
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Iatter must be predicted ahead ten years before classifica-
tiOn, since cutting will not begin until ten years in the
fgture.

| After completion of the indicated calculations, a cut-
ting budget may be drawn up for.a number of years in the fu-
ture. The budget in this caée agrees very closely with that
ﬁ!veloped by Forest Service methods. The figures which this
budget presents (as calculated by the Basal . Area Contro}
method) will, due to conservatism in calculations and also
ﬁp the response of the forest to continﬁed mansgement, rep-
resent the minimum cut to be expected. By careful egamina—4
tion following the first few cuts it will probably be pogsi-.
bIﬁ to take Iarger cuts then g#ndicated by the cutting bugget,
and at the same time maintain a sufficient timber reserve.
Thus, the case for sustained yield will be stronger than

shown herein.
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